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This Study w,as aimed' at determinina the etrect of commonlyadminiitered antj.; 
bac:teriaI drupon bumanpolymorPboouc1ear leukocytes (PMNL). 1'be functiOl~a). 
~ty of DeutroPbllic ~uloc:ytes wu assayed by measurina"luminol«pendent 
chemiJumiDesCenc:e (CL)usina luminon1eter LKB 12Sl.Rice starch and Opsonized, 
E. coil were used in testinl plJaaoCytosis' by isolated lfIIIlulocytes. The cells were 
iric:ubated with antibiOtics in subinluDitory' and inhibitory concentrations with a ,spe-
cial attention to their therapeutic levels. The, testedanbDiotics prOduc:ed variOUs "J ' 

effects on pbagoc:yte' CL i'eprdless their chemical relatiOnships. Those anb"biotics 
which can penetrate into the pbaaoc:yte were especially effective. Lincomycin, ampi
cillin, sentamicin, cblorampbenicol and rolitetracycline bad no effect, clindamycin, 
oxacillin and polymyxin B increased CL in therapeUtical concentrations; doXycycline. 
rifampicin, ~ycin, adriamycin and trim~pbametboxazole in the
rilpbeutical criilcentrations reduc:ed CL activity c( ~inllfIIIlulocytes. Clinda
mycin and trimetboprim-sulpbametbOJl'aZolepoteQtiated CLactivityinsu~~' 
concentrations. ' " " ' , 

.4nlimlcmb/~1 ag6Us. im1ll1lnomodUiallon, PoIYmorphonucl«u I~a" .~ihuni
nacence 

During the last 20 years, a growins interest bas arisen in the study ofinteracuons betWeen 
antimi~ial.nts and host defence systems. Since polymQJPbOnuc1ear ncutrophi4 (PMNL) act as 
the first ,line, of defena; against bacteria, functional alterations of these cells ,by anb"biotics could 
explain, at least in ~ som~ of the ~cies, obs~ betweeJl in vitroanb"bacteri!al activity 
and clinical efticacy (L a b r 0 ,et ale 1986). ' ," , , ' , , : 

When })MNL interact with soluble and particulate' stimuli, ~ cells respOnd with a, bu~ in 
oxidative metabolism which generates chemic::ally reactive molecules, e. g., superoxide lQlions 
(<h) and bydrpgen peroxtde (H~2).Thi~activation, which is an essential step, i~ bostdefence 
against invading microorpnisms, is accompanied byJi&bt emission or chemiluminescence by the 
ce~ (AI I e,p et ale 1972). The addition ofluminolto a CL system ,bas been sbown to amplify 
the response and to simplify the measuring proc:edure (A I len $ld ,~o 0 s e ,1976). , 
"The luminol-enbanc:ed s~tem obviates the need for workios under darlt~ted ,conditions 

CD e Cb a t eJ e t an~ S b.id e yl~2),~tStbe'* of Yely.few cells (8 t e v ~ n,s 
et ale 1978) and can in fact be used to measure CL in samples of whole blood (KatQ et 
ale :1981). For this reason, the luminol-enbanc:ed CL bas been used i~y as a means 
of assessing lfIIIlulocyte metabolic activitY ~ated with microbiclical events, ,for sCreening 
lfIIIluloc:ytes for defects in oxidative metabolism, for Sfudyingthe interaction and/or effect of 
pharmacological agents on lfIIIlulocytes and for following disease activity iii. bumans (D a h I g r e n 
and L 0 c It 1988) . 

• Co..espondence: Dr. I. Lo~ 
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In this report we have investigated the effects of me commonly used antimicrobial agents 

on the production of q.fro~ restinJ 8lld stilnulated f~ 

',' :; 
Antimicrobial A'gents' 
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,. 
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The following commercially available compounds were used: ampicillin (Pentrexyl, Bristol), 
oxacillin (Oxacilin, Spofa), polymyxin B (Aerosporin, Wellcome), <;lindalnycjn (Klindamicinfosfat, 
Upjohn - Inex Hemofarm), lincomycin (Lincomycine hydrOchloride,Medeexport), erythromycin 
(Erythrocin" Abbott), genta,micin (Geotanlycin, ~), chloramphenicol (Chloramfenikol, 
Spofa), doxycycline (Vibramycin, Pfizer), rolitetracycline (Rolitetracyttin, Spofa). rifampicin(Rimacta
ne, aba), adriamycin (Adriblastine, Farmitalia), trimethoprim-sulphamethoxazole (Septrin, Well-
come). , ", ' " 

The antimicrobial agents were diluted in normal saline and adjusted to pH 7. 2. -7. 4. 

Preparation of Polymorphorphonuclear Granulocytes 

Heparit'1ized peripheral blood obtained from. healthy volunteers'wasfmt layered on Verografm 
(Spofa) - dextran (Pbannacia) gradient (density 1.080 Slml); Blood was sedimented for one 
hour at 23°C. Then the leukocyte - enriched ,plasma was layered, ~D Lymphoprep sradient 
(density 1.077 ± 0.001 glml, Nyepard) and centrifu&ed for 30 minllt 400 gat room tempera
ture. ~ni. erythrocytes in the supernatant wereremovect by an incubation with 0.87% ammoni
um chloride. Purified PMNL were rinsed twice in medi~ (ME~ (rOOt-Prague) and resuspended 
in mediwpat the. fmal concentration of 1 X ,10 'PMNuml. ibe cells were preincubated with 
different concentrations of antimicrobial ,agents at 37°C for 30 min and then i~ediately uti
lised in cb~miluminescence assay. 

PMNL. viability after an incubation with th~, aaents was determined by means. of Trypan Blue 
dye test ' , 

o p S on i~ at ion 0 f E. col iB 

Prior to the use, E. cOli B was opsonized with human plasma. The sediment of 5 ml stationary 
culture (heat killed) of the strain was., obtained by ~trifUption and added to 3 ml plasma. 
After an incubation in shakina water bath at 37°C for 30 min, the bacteria were washed twice 
with MEM medium and fmany suspended in 5 ml of MEN medium. The density of opso-
nized E. coil B was usually about 1.5 X 10' cellslmL . 

Chemiluminescence Assay 

Automated luminometer Iet-up allowing a simultaneous and continuous measurement of up to 
25 samples (LICB Wallac 1251 Luminometer connected to Apple n-e microcomputer) was used. 

Suspensions of reqents and PMNL (pretreated with antibiotics) were pipetted into 4 ml p0-
lystyrene sample vials outside the luminometer. The activation of leukocytes commenced when 
the contents of the vials were warmed up to 37°C in the temperature controlled sample carousel 
of the instrument 

a emission was measured at 37 °efor 60 min in a volume of 6OO,.ut of medium including 
100 &Ul antibiotic (at a defmed concentration), 100 &Ul PMNL (1 X 106/ml), 100 &Ulluminol 
(1 X 10 M, Sipna), 100 ul opsonized E. coil or amyllum oryzae (1% suspension in saline, 
10 mglml) or medium (control). . ' . 

The iDaximum CL emission in miJ1ivolts (mV) was plotted aPinst each blood sample. The 
data determined in this way with antibiotic-pretreated cells were related to the corresponding 
value of the antibiotic-free control. ' 

We took the abolute value of the controlCL reaction as 100% and expressed the CL of 
antibiotic-pretreated cells relative percentages of this value. 

Statistics 

The result of each particular experiment is the mean of 10 measurements ± SEM repre-
senting the response of 10 different donors. . . . 

The results of the experiments were evaluated by means of a two-factor analYSIS of vanance 
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where ~ two factors - i. Co the effect of a stimulant and that of an antibiotic conc:entratioo -
were assessed both simultaneously and with reprd to their interactions. 

To assess the significance of the differences between antibiotic concentration levels a t-test 
was used where several groups were compared with each other on the basic of an increased 
critical value by applyina the Bonferroni's inequality. 

Results 
. ' 

13 antimicrobial agents.tested under identical experimental conditions showed 
a stimulating or an immunosuppressive or no effect on the phag~sis-associa-
ted CL. " ' " 

UnifQrmly, the pMNL ,were preincubatedwith different conce~trations (mi
nimum; therapeutical, maximum) of the appropriate antibiotic for 30 min at 
37 !lC. Then the CL reaction was initiated by the addition of luminol and 
a stimulant to the reaction mixture. For every sample containing an anti
microbial agent there was a control sample containing only medium that was 
run in parallel. 

The via5ility of PMNL after their incubation with the highest concentration 
of the antimicrobial agent under study was assessed by the ,trypan blue exclu
sion technique. No differences in the number of stained cells, could be fgund 
between the samples containing an antimicrobial agent and those ,with control 
medium. Table 1 shows those substances (incl\ldiQ8 the'investigated' concentra~ 
tions) which did not influence the CL reaction after an incubation of the 
PMNL with subtherapeutical, therapeutical and supratherapeutical concentrations. 

Table 1 
Antibiotics without an effect on the CL of PMNL 

Concentrations (pgIml) 

Antibiotic subthera- thera- suprathera-
peutical peutical peutical 

Ampicillin 0.5 8 64 
Linkomycin 0.5 15 45 
Gentamicin 1 10 50 
Chloramphenicol 1 10 100 
Rolitetracyclin 0.5 4 64 

The other antimicrobial agents exerted a positive or negative influence on the 
CL reaction of PMNL. 

Qindamycin significantly increased light emission by stimulated PMNL at 
all tested concentrations (Fig. 1). 

Oxacilin potentiated CL activity of PMNL stimulated with opsonized E.' 
coli at concentrations, which are in the range of obtainable serum levels (Fig. 2). 

Polymyxin B stimulated CL reaction at'therapeutical and higher concentra
tions (Fig. 3). 

Amicrobial agents like trimethoprim-sulphamethoxazole, rifampicin, adria
mycin, doxycycline and erythromycin significantly reduced the CL response 
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Fig.1. of clindamycin on the CL 
response of PM'IIL 
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Fig.3. Effect of polymyxin B on the CL 
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Fig.2. Effect of oxacillin on the CL 

response of PMNL 
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Fig.4. Ef,fect of trimethoprim Isulpha

methoxazole on the CLresponse 
of PMNL 

o therapeutic concentrations' 

* p < 0.05 

at therapeutical and maximum concentrations (Fig. 4, 5;'6, 7, 8). Trimethoprim
-sulphamethoxazole at the subtherapeutical concentration stimulated the CL 
response ofPMNL. ' 

With most antibiotics we observed a transition from a mild immunomodula
ting effect with subtherapeutical concentrations to a markedly increasing suppres
sion with therapeutical and supra therapeutical concentrations. 

Antimicrobial agents produced different CL responses in relation to resting 
andstimu1ated pbagocytes and in relation to the lisedstimulants (opsonized 
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E. roli or amyllum oryzae). The tested antibiotics produced various effects 
on the phagocytosis - associated CL regardless their chemical relationships 
(doxycycline - rolitetracycline, clindamycin-linkomycin, oxacUlin -ampi-
cillin). ... . , . 

Some antimicrobial agents. affected not only the maximum CL responses 
but they ~so inluenced the kinetics of CL. Doxycycline and adriamycin produced 
delayed responses of CL with higher concentrations (data not shown). 
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Fig.S. Effect of rifampicin on the CL 
response of PMN L 
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Fig. 8. Effect of erythromycin . 
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Discussion 

In the field of classical chemotherapy interest is focused mainly on the interaction 
of antibiotics and pathogens. In the past the influence of antimicrobiaI agents 
on the specific and unspecific host defence mechanisms was studied only spora
dically, but during the past few years the interest in this speciaI field has grown 
exponentially. 

At this time it is recognized, that not only bacteria are affected by antibio
tics, but it is also the host defence mechanisms that are influenced either direcly 
(in the absence of microorganisms) or indirectly (by changes in the structure 
or metabolic products of germs induced by subminimal inhibitory concentrations), 
in a positive or negative sense (G i II iss e n 1988). 

We concentrated our studies on human PMNL, because PMNL compose 
a major portion of the peripheral leukocytes and represent the first line of 
defence of man and animals against invading microorganisms. PMN phago
cytize, kill and eliminate bacteria, fungi, and other microorganisms. We studied 
the direct effect of widely used antibiotics of various classes on this important 
cell population. As a test model we used the measurement of the phagocytosis-asso
ciated CL. The luminol-enhanced CL assay has been use to study the meta
bolic activity of PMNL associated with microbicidal processes (H 0 ran et 
aI. 1982). The technique is rapid and easy to perform, making it possible to 
run several samples in parallel in a short time. For this reason the technique 
has been found suitable for studYing drug-induced effects on PMNL function 
(Briheim and Dahlgren 1987). . 

There exist several reports on the effects of different antimicrobiaI agents 
on the CL from· PMNL, but the results are difficult to interpret because of 
conflicting data. 

Our results agree with most authors reporting very little effects of 13 -lactam 
antibiotics and aminogJ,ycosides on the various functions of phagocytois 
(We I c h et aI. 1981; Lim be r t et aI. 1982). In our experiments ampi
cillin and gentamicin did not produce any significant effects on CL. We found 
a modulation of the CL reaction only for oxacillin, which stimulated CL of 
PMNL at therapeutical concentrations. 

Polymyxin B was found to inhibit phagocytosis in high concentrations ( Dow
n e y and Pis c a·n 0 1965; B i c k e r and F usc h e 1975) but no effect 
of therapeutic doses was detected (H 0 e p ric h and Mar tin 1970). Enhanced 
intracellular killing (A da m et aI. 1971), a decrease (Bj 0 r k s ten et aI. 
1976) or no effect of this antibiotic on the phagocytosis-induced CL (D u n c k e r 
and U II man n 1986) have aIso been reported. In our experiment polymyxin B 
has been shown to cause an enhancement of the CL from PMNL . stimulated 
with opsonized E. coli. We recorded a marked stimulating effect for clinda
mycin Oindamycin potentiated CL response from stimulated but not from 
resting PMNL at all tested concentrations. 

Oindamycin is an antibiotic which enters the cells by means of an active 
membrane transport system. The intracellular accumulation of this drug is 
40-50 times the external concentration. Oindamycin remains inside the cell 
as long as extracellular fluid and tissue levels are maintained (K Ie m p n e r 
and Sty r t 1981; Han d et aI. 1983). The results with clindamycin are 
conflicting. The CL fro~ PMNL isolated from persons undergoing a treatment 
with clindamycin was found to be inhibited (Fa den et aI. 1983). whereas 
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a treatment of PMNL with clindamycin in vitro resulted in an enhancement 
of the CL (0 I e s k e et aI. 1983; S c e v 0 I a et aI. 1986), and the CL 
generated in whole blood was found to be unaffected bya treatment with 
clindamycin (S c e vol a et aI. 1986). 

Tetracycline derivatives exert an overall influence on many granulocyte acti
vities, reducing adherence, migration, quantitative phagocytosis and chemiluini
nescence.This influence is dose-dependent, and also depends on the particular 
tetracyclines used (G n a r p e and Bel she i m 1985). 

As clearly _ demonstrated by our results there is a difference between the 
immunomodulating effects of doxycycline and rolitetracycline. The differences 
observed are most likely due to the lipid solubilities of. the drugs which allow 
doxycycline, a highly lipid-soluble compound, to readily penetrate cell mem
branes. As tetracyclines are potent chelating agents and as granulocyte membrane 
deformability, necessary for migration and phagocytosis, is dependent on diva
lent -cations (Ca2+ and Mg2+), which are also vital for the oxidative burst, it 
seems likely that the accumulated intracellular tetracycline prevents free' movement 
of these cations across the PMNL membrane (G n a r p e and Bel she i m 
1985). Our results with doxycycline agree with other authors (We I c h et aI. 
1981; Siegel andR em i n g ton 1982; Limbert et aI. 1982; G lett e 
etal.1984; G n a r p e and Bel she i m 1985; Dun c k e r and U 11 man n 
1986). 

Rifampicin has been shown to accumulate and retain its bactericidal activity 
in granulocytes (S 0 I be r g and He 11 u m 1978; M a nd ell 1983; Wo s
be c k et aI. 1984). Intracellular accumulation of rifampicin inside PMNL 
could be hazardous to their normal function, _ because the antibiotic posseses 
immunosuppressive functions (P au n esc u 1970; G r ass i and P 0 s s i 
1972; Bas s i et aI. 1973; D aj ani et aI. 1973). The inhibition of CL 
with rifampicin in our experiments was also recorded by H o' g e r et aI. 
(1982) and by S i e gel and Rem i n g ton (1982). 

S i e gel and Rem i n g ton (1982) presumed that an absorption of light 
might be mainly responsible for the effect of rifampicin as the substance is 
orange and the addition during a CL assay resulted in an immediate drop 
of CL impulse rate. . 

Contrary to this, trimethoprim and sulphamethoxazole, both individually and 
in combination, seem to interfere with processes of the respiratory burst as the 
effects are not seen in a cell-free system (D u n c k e r and U II man n 1986). 

Trimethoprim-Sulphamethoxazole haS been found to cause an inhibition 
(WeI c h et aI. 1981; S i e gel and Rem i n g ton 1982; Dun c k e r and 
U II man n 1986) as well as an enhancement (0 I e s k e et aI. 1983). In our 
experiments trimethoprim-sulphamethoxazole showed a stimulating effect on-the 
CL response at the subtherapeutical concentration and a significantly inhibitory 
effect at the therapeutical and higher concentrations. 

A significant decrease in the metabolic burst of resting and stimulated cells 
was demonstrated in our study with adriamycin. Ya n a i and Qui e (1981) 
state that one of the prerequisites for CL is surface activation. Adriamycin. 
cytOtoxicity is localized to the cytoskeleton and to the cell membrane to a signi
ficant degree (A t h lin et aI. 1987). Whether the abnormalities in PMNL 
metabolic functions were due to a direct effect on the cell membrane, or to 
indirect effects through superoxide radical generation with a subsequent damage to 
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the cell membrane by peroxidation of membrane lipids is unknown (P i c ke
r, i n g et al. 1982); 

These results reveal that antibi()tic effects on phagocytic activity can neither 
be attributed to chemically related drugs nor to groups of comparable modes 
of action. This kind of antibiotic effect might, therefore, be. explained by the 
particular activities of single drugs." , 

We have found that antIbiotics whicll can easily penetrate into. the phagocyte 
were especially effective { clindamycin, doxycycline, trimethoprim-sulphamethoxa
zole, erythromycin: rifampicin). but caution should be exercised before genera
lizing' this fact For instance, oxacilin and . polymyxinB are antibiotics with 
poor lipid solubility, entering the phagocyte rather poorly, and we found signi
ficantly stimulating effect with these antibiotics, On the other hand, linoomycin 
is taken up actively by human PMNL, but in our experiments the CL reaction 
was found to be unaffected by the treatment with linoomycln 

In summary, when choosing antimicrobial agents for therapy it is important 
to consider not only the sensitivity of the bacteria but also any possible effects 
on thehost-defence system of which the PMNLis an important part. 
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Vliv subinhibimich a inhibimich koncentrad 
antimikrobiilnich Wek na chemiluminiseenci fagocytujidch granulocyt6 

Ukolem studie bylo ljistit ilCinek b6zn6 pouZivartych antibakteriaInich leIru 
na lidske granulocyty z petjferni me. Funkfui. aktiVita, neutrofilnich granulo
cytU byla vy§etfovana testem luminol-dependentni chemiluminiscence (eL) na 
luminometru LKB 1251. Pro fagocyt6zu izolovanY'chgranulocyt1i byl pouZit 
cYZoyY' Skrob' a opsonizovarte E. roli. Builky byly inkuoovane s antibiotiky 
v subinhibifuich' a Inhibifuich koncentracich, se zvlastnim zfetelem k jejich 
b6ZnYm terapeutickjm hladinam. Vy§etfOVan8 antibiotika m61a, bez ohledu na 
chemickou pfibuznost, rozdilnY· vliv na CL fagocytU. ZvWt ilCinnll byla ta 
antibiotika, ktedl jsou schopna do fagocyt1i pronikat Antibiotika linkomycin, 
ampicilin,gentamicin, chIoramfenikol a rolitetracyklin neovlivnovala CL odpovM 
granulocyt1i. ,Klindamycin, oxacilin a polymyxin B v terapeutick:Ych koncentracich 
CL reak~ zvy§ovaly, zatimco doxycyklin, rifampicin, erytromycln, adriamycin a tri
methoprim-sulfamethoxazol v terapeutickYch koncentracich ji snizovaly. Klinda
mycin a trimethoprim-sulfamethoxazol v subterapeutickYch koncentracich CL 
aktivitu zvy§ovaly. 

~e"cnHe Cy6HB .... 6HPYlO.-X KO~BTPa.ii aHTHMHIq)oGHaB)lX 
.e~eCTB Ba XeMJIJI1OMIIlDIcqellQH1O rpaayJlOqllT08 qeJloaeu 

lleJIblO, pa60TbI JlBJUIJIOCb H3YlleHHe 'AeiCTBH.R mHpOKO npHMeH.ReMbIX 
aHTH6aKTepHaJIbHbIx. JIeKapC'rB Ha rpaHYJIOQHTbI lIeJIOBeKa :H3 nepeipepHlIeC
Koi . KpoeH.,' Cl>yHKQHoHaJIbHa.R '. aKTHBHQCTb' HeiTpo<pHJIbHIaIX 'rpaHYJloqHTOB 
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KCCJleAOBaJIaCb npK nOMOIQK TeCTa JIlOMKHOJI-AeneHAeHTHOH XeMKJIlOMKHKC

~eH~KK (XII) Ha JIlOMKHOMeTpe IIKB 1251. C ~eJIblO <parO~KT03a K30JIKpO

BaHHblX rpaHYJIO~KTOB npKMeHSJICS PHCOBblH KpaXMaJI H oncoHH3HpoBaHHble 

E. coli. KJIeTKH HHKY6HpOBaJIHCb C aHTH6HoTHKaMH B cy6HHrH6HPYlOIQHX 

HHHrH6HPYlOIQHX KOH~eHTpaQHsx C yqeTOM HX npHMeHseMoro TepaneBTH

qeCKOrO YPOBHS. J.1cCJIeAyeMble aHTH6HoTHKH HMeJIH He CMOTPS Ha HX XHMH

qeCKOe cpeACTBO, pa3JIHqHOe BJIHSHHe Ha XII <paro~HTOB. Oco6eHHO AeH

CTBeHHblMH OKa3aJIHCb Te aHTH6HOTHKH, KOTopble 6blJIH cnoco6HblMH npOHH

KaTb B <parO~HTbl. AHTH6HOTHKH JIHHKOMH~KH, aMnH~HJIJIHH, reHTaMHQHH, 

XJIOpaM<peHHKOJI H pOJIHTeTpa~HKJlHH He OKa3blBaJIH BJIHSHHS Ha XII OTBeT 

<parO~HTOB. KJIHHAaMHQHH, OKcaQHJIJIHH H nOJIHMHKCHH B npH TepaneBTH

qeCKHX KOH~eHTpa~HSX pea~HlO XII nOBblWaJIH, B TO BpeMS KaK AOKCH

~HKJlHH, pH<paMnH~HH, 3pHTpOMH~HH, aAPHaMH~HH H TpHMeTonpHM-CYJIb

<paMeTOKCa30JI tIPH TepaneBTHqeCKHX KOHQeHTpaQHSX ee CHH}f(aJIH. KJIHH

AaMH~HH H TpHMeTonpHM-CYJIb<paMeTOKCa30JI npH cy6TepaneBTKqeCKHX 

KOHQeHTpa~HSX aKTHBHOCTb XII nOBbIWaJIH. 
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