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Abstract:
Current antibiotic therapy encourages the use of antibiotics that may potentiate the host's immune

defense. Antibiotics that can interact positively with the immune response and that also possess
microbicidal properties might significantly contribute to improving the outcome of St.pnetimoniae
inlections .Therefore, in the present study rve investigated the effect of clarithrornycin,an extended
spectrum macrolide currently used in the treatment of respiratory tract infections ,on the in vitro
interaction bctrveen human polymorphnuclear granulocytes (PMN) and strains of St.pneumoniae with
different resistance patterns to penicillin .At a concentration of one -half the minimal inhibitory
concentration(MlC),clarithromycin, an significantly enhanced human PMN functions particularly
intracclltrlar bactcricidal activity, agninst all thc St,pncumonirrc strains,our findings support the use of
clnritlrrornycin in the trcatmcnt of rcspiratory tract infcctions causcd by St.prtcurnoniac as it acts directly
against thc pathogcn as rvcll as in coopcration rvith PMNs by cliciting thcir intraccllular killing.
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Introduction:-

Successful management of infections
requires a multidisplinary approach in which
account is taken of the kinetics and
microbiological features of the drugs employed,
The type of microorganism causing the infeciion
and the host's immune system .the differences in
the way an antibiotic affects bacterial virulence
and adhesiveness, as well as certain
physiological activities of phagocytes
(Phagocytosis, intracellular killing, release of
cytokines, apoptosis, etc.)muit be of
fundamental importance when choosins
appropriate empirical therapy(l).Among th;
respiratory tract infections ,streptococcus
pneumoniae infections ,such as pneumonia,
meningitis and otitis media result in significant
mortality and morbidity in both adults and
children worldwide(2).Their treatment is
becoming more complex and difficult because of
the recent dramatic increase in the number of
pcnicillin -rc.sistant strains of St.pneumoniac
that has started to limit the choicc of availablc
agcnts(l).Thercforc ,diversification in thc usc of
antimicrobial agcnts to treat pncumococcal
infcctions, lvill hclp to rcducc sclcctivc prcssurc
in part of tlris stratcgy may includc thciapcutic
altcrnatives. Antibiotics that can irrtcract
positivcly rvith host dcfcnses ancl thnt also
posscss lnicrobicidal propcrtics ntiglrt also
significantly contributc to irnproving thc
otf tcontc of Sl.pttcurttottiae in fcctions.
'l'lris papcr dcscribcs tlrc irr vitro cvaluation of'
the cfl'cct of clarithrornycin otr thc prinrary
functions of human PMNs against a rcccntly
isolatcd cl in ical St.pne unronicc strains.

lysed by hypotonic shock for 30 sec. in sterile
distilled water and then the pMNs were further
centrifuged after being counted in a Bfirker cell
counting chamber ,the pMN density was
adjusted to 106 cells / ml in phosphate buffered
saline supplied with l% glucose ind l% human
albumin (Sigma,St.Louis.Mo,USA).The pMNs
were placed in sterile plastic tubes ,treated with
RPMI 1640(Gibco laboratories, Crand island
,NY,USA),supplemented rvith l0% fetal calf
serum (Gibco)and incubated at 37.c in a
shaking water bath (150 rpm).. Viability was
assayed by trypan blue exclusion and was
greater than 95%.Aviability test was performed
before and after each experiment .the time
between blood collection ancl the beginning of
the experiment did not exceed 3h.th; interval
between PMN harvest and the start of
experiments lvas less than 30min(a).
- Antiblotic:

Clarithromycin was dissolved in ethanol
dilutcd in phosphate buflbred salinc (l: l), the
solutions lverc freshly prcparcd for eacli baich of
c,rpcrimcnts and thcy rvcrc shorvrr to be lree of
crrdotoxin by a standard limulus atnebocyte
lysatc assay. Antibiotics susccptibility tcsting
rvas pcrforrncd by standard dilution mcthod in
Mullcr l.linton broth (unipatlr, Milan, Iraly;.tst
- Roctcrin:
St.pncurnoniac strains obtaincd liorn hurnan
infcctions rverc uscd: llcnicillin - rcsistant strain
(MIC of pcnicillin G,2 prg/ml for l0s cfu/rnl). (a)

- P I t o g o c.y t osrs ossa_y..

Bacteria : PMN ratio rvas l0:l ,aliquots of 1.0
nrl of ser-urn opsonized or non-opsonized
bacteria (10' cfu) in RPMI 1640 rvith l0% feral ,

calf serum rvere added to l0 ml pMNs in sterile
plastic tubes (106 cells)and the tubes were then
incubated at 37"c in a shaking lvater bath ,after
incubation for periods of 30,60,90,and 120 min
.The tubes were centrifuged at 160 xg for
5min.The pellet was then resuspended in
phosphate saline and the mixture was
centrifuged at l60xg for 5 min.To remove the
free bacteria. The cells were then resuspended in
I ml of sterile distilled lvater for 5 min, and 100
ml samples of this suspension were placed in
scintillation fluid and counted by liquid
scintillation spectrophotometry -radioactivity

Matcriqls ancl nrethods:-
-Poly nto rp h n uc I ea r g ra n ul oclt lgs ;
Blood rvas drarvn from healthy , patients rvith
coetaneous lymphoma who gave their informed
consent .Peripheral venous blood lvas collected
in sterile evacuated blood collection tubes
containing lithium heparin (l5u/ml blood)and
settled at room temperature by gravity for 30
min in 2.5Yo dextran (500.000 mol lvt:pharmacia
S.P.A.,Milan,ltaly) in normal satine
(l:l ratio).the leukocyte-rich plasma supernant
rvas carefully layered on ficol -paque and was
then centrifuged trvice at 160 x g for 15 min to
obtain pure PMNs ,residual erythrocytes were
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wzrs expressed as the cpm/sample .The
percentage of Phagocytosis at a given sampling
time was calculated as: o/o Phagocytosis =cpm in
PMN peltet/cpm in total bacterial pelletxl00 (s).

-Measurement' of antimicrobial activity of
PMNs:
In experiment the bacteria :PMN ratio was l0:l
,aliquots of lml of s-erum opsonized or non-
opsonized bacteria (10'cfu and PMNs in sterile
plastic tubes (l0ocells)were incubated in RPMI
1640 at 37'C in a shaking water path for 30min
to allow Phagocytosis to proceed .The PMN-
bacterium mixtures were centrifuged at l60xg
for 5 min and washed with phosphate salind to
remove the free extracellular bacteria .An
aliquots of the cells containing bacterium was
taken ,the cells were lysed by adding sterile
water and a viable count oI intracellular bacteria
was performed (t').The cells were then
incubated furthcr and at intervals (tx)the viable
counts of the surviving intracellular bacteria
rverc measured in thc samc way .The PMN
killing valucs wcrc expressed as thc survival
indcx (Sl),rvhiclr rvas calculated by adding thc
numbcr of surviving bacteria at to to thc numbcr
of survivors at tx and dividing by the nunrbcr of
survivors at to.

Accorcling to this lbrmula if bactcrial killing
rvcrc 100% cl^l'cctivc, thc Sl rvoulcl bc l.(7)
- Ittflucttcc of clarithrontycirt ort I'ltogoc-ylosis
otttl inlrocclI uIor kitIing:

I'hc c[f'ects ol' clarithrornycin on tlrc
I'lragocytosis and intraccllular killing of'
dil-t'crcrrt strain of St.prrcutttotiae by PMNs rvcrc
invcstigatcd by incubating the bacteria and the
phagocytcs at 37'C in a shaking rvater path lbr
periods of 30,60,90,120 nrin.in the presence of
one-half the MIC of clarithromycin .Antibiotic-
free controls were also included .The PMN
killing values were expressed as the survival
index (Sl),rvhich was calculated by adding the
number of surviving bacteria at tirne zero to the
number of survivors at time x ,and dividing by
the number of strrvivors at time zero
(8).According to this formula ,if bacterial killing
lvas 100% effective, the SI rvould be l.
Results:-

Table (l) illustrate the diflerentiation
betrveen the effects of clrithromycin on

St.pneumoniae from those on granulocytes ,the
phagocytic and bactericidal activities of pMNs
against St.pneumoniae were assessed following
pre exposure of PMNs and Streptococci
individually to one -half the MIC of the
antibiotic .Brief prior exposure of penicillin -
resistant St.pneumoniae to one-half the MIC of
clarithromycin modified the interaction between
the bacteria and the PMNs:the rate of
Phagocytosis of these Streptococci was
approximately twice that of the controls after 60
min. and also showed greater susceptibility to
microbicidal PMN mechanisms(p<0.01).pre
incubation of PMNs with one -half the MIC of
clarithromycin had no effect upon the activities
of human PMNs throughout the observation
period :pen i ci I I i n-resi stant S t. p ne u m o n i ae treated
with clarithromycin was both phagocyted and
killed within 120 min at the same percentage as
that registered for untreated penicillin - resistant
Sl.pncumoniae.
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Tabfe (l): Effect of pre eIpgs-uf of penicillin - resistant St.pneumoniae (A) or human polymorphnuclear
granulocytes (B) to one - half the MIC of clarithromycin for one hour. On ihagocytosis ana infracellular
killing

Time
Phagocytosis % Survival index

Controls A B Controls A B

30 min 12.18*1.8 13.5'+0.5 I 1.9*1.0 I.49+0.1 1.43"*0.2 l.5l+0.1

60 min 7.3+t.4 l5.lu+0.2 7.7+0A I .75+0.15 l.44qa0.l l.8l+0.3

90 min 5.6+0.2 9.3o*0.7 5.6+0.1 >2 I .5'+0.l3 >2

120 min 4.1*0.2 9.2'+0.8 4.3+0.3 >2 1.84"*0.1 >2

A: significantly different (p<0.01 from controls)

The MIC of clarithromycin for the
pcnicillin -resistant strains of St.pneumoniae
rvas 0.06 pg/ml .The prescnce of one-half the
MIC ol clarithromycin elicitcd human pMN
Phagocytosis, rcsulting in a significantly
incrcascd perccntagc of cngulfcd pcnicillin -
rcsistant strcptococci for up to 2h.conrparcd rvith
tlut for controls (trblc 2).ln thc drug -frcc
culturcs ,thc intraccllular survival (SI) of thc
pcnicif lin - rcsistant strain of' St. pttcuntortiae
shificd frorn 1,48 nt 30 rnin to 1.85 at 60 nrirr
nnd to >2 at 90 rnin ancl 120 rnin ,this
corrcsponclcd rvitlr n progrcssivc incrcasc in thc
nurnbcr of intraccllulur Llactcril . l'hc prcscncc
of clarithrornycin on thc otlrcr harrd ,produced a

B: significantly different (p<0.05 from controls)

significantly lr ighcr killing
c[t-cct(p<0.01 ),conrpared rvith that of tlre control
systcrns .thc nunrbcr of thc intracellular
pcnicillin-resisttnt St.prrcturtoniac that survived
after 120 nrin fell to 3S% of rhe initial
population (Table 2).

Discussion:-
Several antibiotics (fluoroquinlons,
macrolides and some B-lactam drugs)in
addition to their antimicrobial eff'ects ,have
the capability of modulating the host
immune responses in different rvays :some
are concentrated in the phagocytes rvhere
they enhance intracellular killing ,

rvhereas others become inert follorving

intracellular uptake ;some lead to alteration in
bacteria that render thcm more susceptible to
Phagocytosis; some directly enhance the
pltagocytic and antimicrobial Bctivities of the
host cells; somc deprcss thc bactcrial up take by
plragocytcs ;and othcrs modulatc T and B cell
rcsponscs .Rcccnt invcstigations have
dcmorrstratcd that somc antibiotics can also
intcrlcrc rvith thc cytokinc production, some
inhibitirrg thc production of IL-l or TNF-a in
LPS-stinrulatcd human monocytc cultures
,otltcrs inducirrg hypcr production of IL-2 and
itttcrfcron galnrna (lFN-y)in cultures of
lyrnphocytes(e'I0'll).]'he mechanism of
St.pneumoniac resistance to penicillin is by
alterations in the targets of penicillin activity
,specifically penicillin-binding proteins, which
are also important in manifesting the effect of
other B-lactam antimicrobials such as

cephalosporin's also by production of B-

lactamase ('').With the increase in penicillin -
resistance in St. pneurnoniae ,empirical therapy
for' pneumococcal infections has shifted from
penicillin to amoxicillin ,the second and third
generat ion. ccphalosporin' s and the macrol ides or
azolides ('').Consequently \ve evaluated the
effect of clarithromycin a macrolide commonly
used for the treatment of respiratory tract
infections
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azolides ('t).Conseqdently we evaluated the
effect of clarithromycin a macrolide commonly

On thc interaction bctrvccn human PMNs
and isolatcs of St.pncnnoniac taking of
imnrunonrodulation by antibiotics. Our
rcsults suggcst that clarithrornycin lrns sornc
intcrcstirrg irnrnunontoditying propcrtics: it
rvns nblc to irrllucrrcc thc lrost -bactcril
intcractiorr rcsulting irr a corrsiclcrablc
cnhrrrccrncrrt ol' hurntrr PMN tirrrctiorrs
ngairtst all thc strains of Sl.lltcutttortina
tcstccl. 'l'hc nrechanism by rvhiclr
clarithrornycirr syncrgizcs rvith [)MNs tbr
Plurgocy'tosis and killirrg ol' St.prtctnrtortiaa is
tunkrrorvrr, although dircct dnrnagc to thc
bactcriurn by the drug might, at lcast inrpart
,be rcsponsible (table I).Pre exposure of
St.prtctutroniac to one-half, the MIC of
clarithronrycin caused streptococci to be
nrore efficiently Phagocl,tosis and killed
,conrpared rvith the untreated streptococci
.Clarithromycin interferes rvith bacterial
protein synthesis: possibly ,one-half the MIC
of the drug alters superficial components and
affects products .Consequently ,it may
in part reduce the virulence of St.pneumoniae
on the other hand ,pre exposure of human
PMNs to one-half the MIC of clarithromycin
had no eff'ect on the phagocytic capacity and

used for the treatment of respiratory tract
infections .

Table (2): Effect of one-half the MICof clarithromycin on Phagocytosis and intracellular killing of
penicif lin-resistant-St.pneumoniae by human polymorphnuclear granulocytes.

Time
Phagocytosis( % ) Survival index

Controls clarithromycin Controls Clarithromvcin

30 min I l.2rt.9 16.3"*1.2 1.48*0. t(41%)" I .3 t"+0.l5 (59%)

60 min 7.3+1.3 10.9"*0.6 r .85+0.I 5( l6%) 1.64u*0.l6 (36%)

90 min 5.6*0.2 9.9'*0.9 >2(0%) 1.65"*0.l5 (34%)

120 min 4.2*0.5 8.7"*0.2 >2(0%) L650*0.12 (35%)

a: significantly different (p<0.01 from controls)
b: significantly diffbrent (p<0.05 from controls)
c: percentages of the initial bactcrinl population killed by polymorphnuclear granulocytes in presence
of the antibiotic.

intracellular killing of human granulocytes
,thus ruling out a direct action by
clarithromycirr on thc phagocytc itself
.Although clarithronrycin rvas found to be
lrighly, conccntratcd in phagocytic
ccllt'''.Frorn our rcsults it emcrged that the
rnacrolidc, oncc accurnulatcd did not affcct
tlrc irrtraccllular killing of St.pneumoniae
.Thcsc data could bc cxplaincd by the lorver
activity of clnrithromycin in the acid rnedium
,claritlrrornycin ,likc other macrolides is a
u,cak base that probably accumulates lvithin
acid lysosorncs rvhere its activity may be
reduce.

Clarithromycin rvas able to synergize with
huntan PMNs for Phagocytosis of the
penicillin - resistant strains St.pneumoniae

,resulting in an increase number of engulfed
streptococci compared lvith that for the
control (table 2).ln the drug -free controls ,

tlte number of intracellular penicillin-resistant
St.pneumoniae progressively increased

,indicating the inability of PMNs to stop
bacterial growth .lndeed ,in the
clarithromycin -containing cultures the
number of intracellular penicillin -resistant
St.pneumoniae that survived fell to 35% of
the initial population ( p<0.01;table 2).
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