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Interaction between cell wall synthesis 
inhibitors and human granulocytes 

and monocytes
P J  VAN DEN B r OEK, LFM B U Y S

U n iv e rs ity  H o sp ita l D e p a r tm e n t o f  infect ions D iseases B uilding 1, C 5-P44 P . O. Box 
9600 2300 R C  L eiden , T he  N etherlands

H um an monocytes enhance the 
antibacterial activity of penicillins 
against ingested and non-ingested 
Staphylococcus aureus (S. aureus) [1, 
3, 4]. The increased activity  against 
extracellular bacteria has been ascri
bed to  a factor secreted by the mono
cytes [1, 2]. This factor is probably 
a peptidoglycan-degrading enzyme 
differing from lysozyme and N-ace- 
tyl-/?-D-glucosaminidase [2, 5]. We 
performed the present study to  find 
out whether the antibacterial activity  
of vancomycin against non-phagocy- 
tosed S. aureus is enhanced by the 
presence of monocytes and whether 
the presence of granulocytes influen
ces the antibacterial activity of peni
cillin G against non-phagocytosed S. 
aureus.

A s s e s s m e n t  o f  t h e  i n f l u e n c e

OF THE PRESENCE OF PHAGOCYTES 

ON THE ANTIBACTERIAL 

ACTIVITY OF ANTIBIOTICS

A m ixture of equal volumes of a 
suspension of 1X 107 non-opsonized
S. aureus/ml and 1ХЮ 7 granulocytes 
or monocytes/ml was incubated with

penicillin G or vancomycin under ro
tation (4 rpm) at 37 °C. A t 0, 60, 120, 
and 180 min, samples were taken and 
brought into ice-cold gelatin-HBSS. 
The to ta l number of viable bacteria 
in the samples was determ ined micro- 
biologically [1].

R e s u l t s

The antibacterial activ ity  of the 
antibiotics against S. aureus in the 
presence of granulocytes or monocy
tes was determined in the absence of 
serum, which meant th a t  ingestion 
and intracellular killing of the  bac
teria  by the phagocytes could not 
occur [1]. The antibacterial activ ity  
of penicillin G against S. aureus was 
greater in the presence th an  in the 
absence of granulocytes or monocy
tes (Table I). The antibacterial effect 
of vancomycin on S. aureus was also 
enhanced by the presence of monocy
tes (Table I).

To find out whether the  oxygen- 
-dependent killing mechanism of the 
phagocytes is involved in the  enhan
cement of the antibacterial effect of
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T a b l e  I

A n tib a c te r ia l effect o f  v a n c o m y c in  and  
p en ic illin  G  in  th e  presence o f  n o rm a l and  

P M A -trea ted  p h ag o cy te s*

A n tib a c te r ia l  effect** 
a t  180 m in  o f in c u b a tio n

p en ic illin  G- v an c o m y c in  
(0.100 jug/m l) (0 .500  ̂ g /m l)

Absence o f  phagocytes 0.70 0.82

G ranulocytes
norm al 1.19 N.D.
PM A -treated 0.77 N .D .

M onocytes
norm al 1.78 1.28
PM A -treated 1.75 0.91

* R esu lts of a representative experim ent. 
** R esu lts expressed as antibacterial effect

(E):
E =  log Nat — log N b t.

For th e  calculation of E in the absence of 
ph agocytes, Na is the total num ber of viable 
bacteria in gelatin-HBSS and N b  that in 
gelatin -H B SS  containing antib iotic. For cal
cu lation  o f the antibacterial effect in the pres
ence o f  phagoejdes, Na is the to ta l number of 
viab le bacteria in gelatin-H B SS w ith  phago
c y tes  and Nb that in gelatin-H B SS containing 
p h agocytes and antibiotic.

the  antibiotics, we trea ted  the  granu
locytes and monocytes w ith 100 
ng/m l phorbol m yristate acete (PMA) 
for 5 m in before they лее re used in the 
assay. Exposure of the cells to  this 
high dose of PMA abolishes the pro
duction  of hydrogen peroxide and 
oxygen radicals by the  oxygen-de
penden t killing mechanism [6]. After 
PM A treatm ent the granulocytes did 
no t increase the antibacteria l effect 
of penicillin G or the monocytes that 
of vancomycin (Table I). The enhan
cem ent of the antibacterial effect of 
penicillin G by monocytes was not 
abolished by PMA trea tm ent.

D i s c u s s i o n

The present findings show th a t the 
presence of either granulocytes or 
monocytes increased the an tibacte
rial ac tiv ity  of penicillin G against S. 
aureus. Monocytes increased the ef
fect of vancomycin. Since no serum 
was present during incubation, this 
enhancem ent could not have been the 
result of phagocytosis and intracellu
lar killing of S. aureus by the phago
cytes. The oxygen-dependent killing 
mechanism seems to play a role in the 
enhancem ent of antibacterial acti
vity of penicillin G by granulocytes 
and of vancomycin by monocytes, 
since p retreatm ent of the cells with 
PMA, which inhibits this killing sys
tem, abolished the enhancement of 
the activ ity . The enhancement of the 
effect of penicillin G by monocytes 
was not prevented by pre-treatm ent 
of the monocytes with PMA, which 
indicates th a t  this enhancement was 
due to  some other mechanism. This 
finding supports tha t the earlier de
scribed monocyte factor which enhan
ces the antibacterial effect of penicil
lin G on S. aureus, is responsible for 
the g reater antibacterial effect of 
penicillin G in the presence of mono
cytes [1]. This factor probably plays 
a role in the non-oxidative killing 
mechanism of the monocytes.
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