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Abstract

Soltisové Daniela, J. Lokaj.: Influence of Subinhibitory and Inhi-
. bitory Concentrations of Antimicrobial Agents on the Chemiluminiscence of Phago- .
oytosing Granulocytes. Acta vet. Brno, 58, 1989: 353—362. ‘

This study was aimed at determining the effect of commonly administered anti-
bacterial drugs on human polymorphonuclear leukocytes (PMNL). The functional.
activity of neutrophilic granulocytu was assayed by measuring luminol-dependent
chemiluminescence (CL) using luminometer LKB 1251. Rice starch and opsonized
E. coli were used in testing phagocytosis by isolated granulocytes. The cells were
incubated with antibiotics in subinhibitory and inhibitory concentrations with a spe- .
cial attention to their therapeutic levels. The tested antibiotics produced various ..
effects on phagocyte CL regardless their chemical relationships. Those antibiotics
which can penetrate into the phagocyte were especially effective. Lincomycin, ampi-
cillin, gentamicin, chloramphenicol and rolitetracycline had no effect, clindamycin,‘
oxacillin and polymyxin B increased CL in therapeutical concentrations; doxycyclme
rifampicin, erythromycin, adriamycin and mmethopnm-mlphamethoxazole in the-
mphwucal concentrations reduced CL activity of phagocytosmg granulocytes. Clinda-
mycin and trimethoprim-sulphamethoxazole potentnted CLactivityin subtherapeutncal
concentrations.

Antimicrobial agents, immunomodulation, pob*morphonuclaar Imkogwm,-,chemiluml-
nescence

During the last 20 years, a growing interest has arisen in the study of interactions between
antimicrobial agents and host defence systems. Since polymorphonuclear neutrophils (PMNL) act as
the first line of defence against bacteria, functional alterations of these cells by antibiotics could
explain, at least in part, some of the discrepancies observed between in vitro antibacterial actmty
and clinical efficacy (L abro etal 1986). -

When PMNL interact with soluble and particulate stimuli, the cells respond with a burst in
oxidative metabolism which generates chemwally reactive moleculw, e g, supaox:de anions
(0;) and hydrogen peroxlde (HgO;) This activation, which is an essential step. in host defence
against invading microorganisms, is accompanied by . hght emission or chemiluminescence by. the
cells (Allen etal 1972). The addition of luminol to a CL system has been shown to amplify
the response and to simplify the measuring procedure (Allen and L o ose 1976).

. The luminol-enhanced system obviates the need for working under dark-adapted conditions
(De Chatelet and Shirley 1982), permltsthe use of very few cells (Stevens
et al. 1978) and can in fact be used to measure CL in samples of whole blood (Kato et
al. 1981). For this reason, the luminol-enhanced CL has been used increasingly as a means
of assessing granulocyte metabolic activity associated with microbidical events, for screening
granulocytes for defects in oxidative metabolism, for studying the interaction and/or effect of
phanil‘aoologi%l :g)ents on granulocytes and for following disease activityinhumans (Dahlgren
and Lock X

* Corespondence; Dr. J. Lokaj
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In this report we have mvuhgated the effects of some commonly used antimicrobial agents
on the pmductlon of CL from resting and summated PMNL. v

Antlmlcroblail:A"gevntt»s e e ‘ e

The following commercially available compounds were used: amplqllm (Pentrexyl, antol),
oxacillin (Oxacilin, Spofa), polymyxin B (Aerosporin, Wellcome), clindamycin (Klindamicinfosfat,
Upjohn — Inex Hemofarm), lincomycin (Lincomycine hydrochloride, Medeexport), erythromycin
(Erythrocin,. Abbott), gentamicin (Gentamycin, Pharmachin), chloramphenicol (Chloramfenikol,
Spofa), doxycycline (Vibramycin, Pfizer), rolitetracycline (Rolitetracyklin, Spofa), rifampicin (Rimacta-
ne, C)lba), adriamycin (Adriblastine, Farmitalia), Mmethopnm-sulphamethoxazole (Septrm, Well-
come,

The antimicrobial agents were diluted in normal saline and adjusted to pH 7.2 —7 4

Preparatlon of Polymorphorphonuclear Granulocytes .

Heparinized penpheral blood obtained from heaithy volunteers was first layered on Verografin
(Spofa) — dextran (Pharmacia) gradient (density 1.080 g/mi). Blood was sedimented for one
hour at 23 °C. Then the leukocyte . — enriched plasma was layered on. Lymphoprep gradient
(density 1.077 £ 0.001 g/ml, Nyegaard) and centrifuged for 30 min at 400 g at room tempera-
ture. Remaining erythrocytes in the supernatant were removed by an incubation with 0.87% ammoni-
um chloride. Purified PMNL were rinsed twice in medium (MEM, USOL-Prague) and resuspended
in medium at the final concentration of 1 X 10 # PMNL/ml. The cells were preincubated with
different concentrations of antimicrobial agents at 37 °C for 30 min and then immediately uti-
lised in chemiluminescence assay.

4 PMNL viability lﬁe: an incubation with the agents was determined by means of Trypan Blue
ye test.

Opsonlzatlon of E. coliB

Pnortou\euse.E.wlleasopsonmdwnﬂxhumnplasma. The sediment of § ml stationary
culture (heat killed) of the strain was obtained by centrifugation and added to 3 ml plasma.
Aﬂeranmcubmonmshahnswaterbaﬂlat37°0for30mm,thebactemwerewashedtwwe
with MEM medium and finally suspended in 5§ ml of MEM medium. The density of opso-
nized E. coli B was usually about 1.5 X 109 cells/mL

Chemiluminescence Assay

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

Suspensions of reagents and PMNL (pretreated with annblotu) were pipetted into 4 ml po-
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 eontrolled sample carwsel
of the instrument.

Cl emission was measured at 37 °C for 60 min in a volume of 600, al of medium including
100 al antibiotic (at a defined concentration), 100 al PMNL (1 X 106/ml), 100 pl luminol
(1 X 10 M, Sigma), 100 ul opsonized E. coli or amyllum oryzae (l% suspension in saline,
10 mg/ml) or medium (eontml)

The maximum CL emission in millivoits (mV) was plotted against each blood sample. The
data determined in this way with anublom-pretrated cells were related to the corresponding
value of the antibiotic-free control.

‘We took the abolute value of the control CL 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 * SBM repre-

senting the response of 10 different donors.
T%Sresults of the experiments were evaluated by means of a two-factor analysis of variance
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where the two factors — i. e. the effect of a stimulant and that of an antibiotic concentration —
were assessed both simultaneously and with regard 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 applying the Bonferroni’s mequahty )

Results | .‘

13 antimicrobial agents tested under identical experimental conditions showed
a stimulating or an 1mmunosuppress1ve or no eﬂ‘ect on the phagocytosis-associa-
ted CL.

Uniformly, the PMNL were preincubated with dlﬂ‘erent concentrations (mi-
nimum, therapeutical, maximum) of the appropriate antibiotic for 30 min at
37 °C. Then the CL reaction was initiated by the addition of luminol and
a sfimulant to the reaction mixture. For .every sample containing an anti-
microbial agent there was a control sample containing only medmm that was
run in parallel.

The viability of PMNL after their incubation with the highest concentrahon
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 found
between the samples containing an antimicrobial agent and those ‘with control
medium. Table 1 shows those substances (including the mvestlgated concentra-
tions) which did not influence the CL reaction after an incubation of the
PMNL w1th subtherapeutical, therapeutlcal and supxatherapeutlcal concentrations.

Table 1 A
: Antibiotics without an effect on the CL of PMNL
Concentrations @ig/ml)
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

0.5 4 64

Rolitetracyclin

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

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

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

Polymyxin B stlmulated CL reaction at’ therapeutlcal and higher concentra-
tions (Fig. 3). :

Amicrobial agents like mmethopnm-sulphamethoxazole, rifampicin, adria-
mycin, doxycycline and erythromycin significantly reduced the CL response -
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at therapeutical and maximum concentrations (Fig. 4, 5, 6, 7, 8). Trimethoprim-
-sulphamethoxazole at the subtherapeutical concentration stimulated the CL
response of PMNL.

With most antibiotics we observed a transition from a mild immunomodula-
tmg effect with subtherapeutical concentrations to a markedly increasing suppres-
sion with therapeutical and supratherapeutical concentrations. :

Antimicrobial -agents produced different CL responses in relation to restmg
and stimulated phagocytes and in relation to the used stimulants (opsonized
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E. ooli or amyllum oryzae). The tested antibiotics produced various: effects
on the phagocytosis — associated CL regardless their chemical relationships
(doxycycline — rolitetracycline, clindamycin — linkomycin, oxacillin — ampi-

cillin).

Some antimicrobial agents affected not only the maxlmum CL responses'

but they also inluenced the kinetics of CL. Doxycycline and adriamycin produced
delayed responses of CL with higher concentrations (data not shown).
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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 antimicrobial agents
on the specific and unspecific host defence mechanisms was studied only spora-
dically, but during the past few years the interest in this special 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 (Gillissen 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 (Horan et
al. 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). v

There exist several reports on the effects of different antimicrobial 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 /3 —lactam
antibiotics and aminoglycosides on the various functions of phagocytois
(Welch etal 1981; Limbert et al. 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 (D o w-
ney and Piscano 1965; Bicker and Fusche 1975) but no effect
of therapeutic doseswas detected (Hoeprich and Martin 1970). Enhanced
intracellular killing (Adam et al. 1971), a decrease (Bjorksten et al.
1976) or no effect of this antibiotic on the phagocytosis-induced CL (Duncker
and Ullmann 1986) have also 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. Clindamycin potentiated CL response from stimulated but not from
- resting PMNL at all tested concentrations.

Clindamycin 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. Clindamycin remains inside the cell
as long as extracellular fluid and tissue levels are maintained (Klempner
and Styrt 1981; Hand et al. 1983). The results with clindamycin are
conflicting. The CL from PMNL isolated from persons undergoing a treatment
with clindamycin was found to be inhibited (Faden et al. 1983), whereas
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a treatment of PMNL with clindamycin in vitro resulted in an enhancement
of the CL (Oleske et al. 1983; Scevola et al. 1986), and the CL
generated in whole blood was found to be unaffected by a treatment with
clindamycin (Scevola etal. 1986).

Tetracycline derivatives exert an overall influence on many granulocyte acti-
vities, reducing adherence, migration, quantitative phagocytosis and chemilumi-
nescence. This influence is dose-dependent, and also depends on the particular
tetracyclinesused (Gnarpe and Belsheim 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 (Ca?* and Mg?¥), 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 (Gnarpe and Belsheim
1985). Our results with doxycycline agree with other authors (Welch et al.
1981; Siegel and Remington 1982; Limbert etal. 1982; Glette
etal. 1984; Gnarpe and Belsheim 1985, Duncker and Ullmann
1986).

Rifampicin has been shown to accumulate and retain its bactericidal activity
in granulocytes (Solberg and Hellum 1978; Mandell 1983; Wos-
beck et al. 1984). Intracellular accumulation of rifampicin insidle PMNL
could be hazardous to their normal function, because the antibiotic posseses
immunosuppressive functions (Paunescu 1970; Grassi and Possi
1972; Bassi et al 1973; Dajani et al. 1973). The inhibition of CL
with rifampicin in our experiments was also recorded by Ho ger et al.
(1982) and by Siegel and Remington (1982).

Siegel and Remington (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 (Duncker and Ullmann 1986).

Trimethoprim-Sulphamethoxazole has been found to cause an inhibition
(Welch etal. 1981; Siegel and Remington 1982; Duncker and
Ullmann 1986) as well as an enhancement (Oles ke et. al. 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. Yanai and Quie (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 (Athlin et al. 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 (Picke-
ring etal 1982).

These results reveal that antibiotic 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 which can easily penetrate into the phagocyte
were especially effective (clindamycin, doxycycline, trimethoprim-sulphamethoxa-
zole, erythromycin, rifampicin) but caution should be exercised before genera-
llzmg this fact. For instance, oxacilin and polymyxin B 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, lincomycin
is taken up actively by human PMNL, but in our experiments the CL reaction
was found to be unaffected by the treatment with lincomycin.

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 the host-defence system of which the PMNL is an important part.
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Vliv subinhibi¢nich a inhibi¢nich koncentraci
antimikrobidinich litek na chemiluminiscenci fagocytujicich granulocyté

Ukolem studie bylo zjistit i&inek b&*n& pouZivanych antibakteridlnich 1kt
na lidské granulocyty z periferni krve. Funk¢ni aktivita neutrofilnich granulo-
cytd byla vySetfovina testem luminol-dependentni chemiluminiscence (CL) na
luminometru LKB 1251.' Pro fagocytézu izolovanych granulocytli byl pouZit
ryZovy $krob a opsonizované E. coli. Buiiky byly inkubované s antibiotiky
v subinhibi¢nich a inhibinich koncentracich, se zvlaStnim zfetelem k jejich
b&Znym terapeutickym hladinim. Vy3etfovand antibiotika méla, bez ohledu na
chemickou pfibuznost, rozdilny vliv na CL fagocyth. Zvlast Gfinnd byla ta
antibiotika, ktera jsou schopna do fagocyti pronikat. Antibiotika linkomycin,
ampicilin, gentamicin, chloramfenikol a rolitetracyklin neovlivitovala CL odpovéd
granulocytl. Klindamycin, oxacilin a polymyxin B v terapeutickych koncentracich
CL reakci zvySovaly, zatimco doxycyklin, rifampicin, erytromycin, adriamycin a tri-
methopnm-sulfamethoxazol v terapeutickych koncentracich ji sniZovaly. Klinda-
mycin a trimethoprim-sulfamethoxazol v subterapeutlckych koncentraclch CL
aktivitu zvySovaly. _

Hdericreue cyOuarnOupyommx KOHEHTPAIMI AaHTHMHUKDPOOHABHBIX
BEmIeCTB HA XEMMIIOMMHUCIEEIHIO IPAHYIONUTOB FeN0BEKA

Ilensio. paboThi smmmocs MU3YyUYCHHUE - ACUCTBUA umpoxo npumennemux
aHTUOAKTEPHANBHBIX JIEKAPCTB HA I'PAHYJIOLMTH 4YeJIOBEKa ‘M3 mnepedepuyec-
KO#t KpoBM. (PYHKIUMOHANbHASA ' aKTMBHOCTh HENTPOMUILHLIX = TPAHYJIOLMTOB
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UCCAEROBANACH MPY IOMOIIYM TECTA JIOMMHOJ-AEIEHACHTHON XEMMIIOMMHUC-
nennuu (XJI) va momunomerpe JIKB 1251. C uensio hparouurosa u3onampo-
BaHHBIX TPAHYJIOLMTOB IMIPUMEHSAJICS PUCOBbIA Kpaxmaj M ONMCOHM3UPOBAHHEIE
E. coli. Knerku uHKyGupoBamuce ¢ aHTMOGMOTMKamMu B CyOMHruGMpyroummx
M MHTMOMPYIOIMX KOHIEHTPAIMAX C YYETOM MX IPMMEHAEMOTO TEpaneBTHU-
4ecKoro ypoBHs. Vicciaenyembie aHTMOMOTMKM MMENIM HE CMOTPS Ha MX XMMMU-
YeCcKoe CpeACTBO, pasauuHoe Biausuue Ha XJI cparomuroB. Oco6eHHO Aen-
CTBEHHBIMM OKa3aJUCb T€ aHTMOMOTHUKM, KOTOPHIE ObUIM CHOCOOHBLIMM IPOHMU-
KaTh B paroumuTsl. AHTMOMOTHMKM JIMHKOMMIMH, aMIMLMIIIMH, T€HTAMMIMH,
XJIOpaM(PEHUKON M POJUTETPALMKIMH He OKasmlBaiyu BimMaHuA Ha XJI orser
darounros. KiMHAaMMIMH, OKCAIWJUIMH M TIOJMMMKCMH B npu TepanesTu-
YeCKMX KOHIeHTpauuax peaknuio XJI moBbimiany, B TO BpeMs KaK JOKCH-
OUKIUH, pucdhaMNuIyuH, SPUTPOMMLIMH, aJPMAMUIMH M TPMMETONPUM-CYJib-
¢damerokcas’os HpH TEPANEBTMYECKMX KOHIEHTpAIuAX €€ cHyxXamu. Kiamn-
JaMUIMH ¥ TPMMETONPMM-CyJIb(haMETOKCa30J mpu CyOTepaneBTMUYECKUX
KOHHEHTpAIMAX aKTUMBHOCTH XJI moBeimanm.
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