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ABSTRACT

Human neutrophil elastase (HNE, EC 3, 4 21, 11), a major causative factor in the induction of
pulmonary emphysema, were purified by two steps of liquid chromatography. Purified elastases were
cross-reacted with antibody to human neutrophil elastases.

Methicillin and cefamandole, which are known as inhibitors of cell wall synthesis of microorgan-
isms, could inhibit the. activity of human neutrophil elastase up to 50% with 10 mM of both agents
and IC;, of methicillin was 9.8 mM. Gentamicin, one of the aminoglycosides, also inhibits human
neutrophil elastases up to 60% of original activity with 10 mM of this agent and IC;, was 9.0 mM.
We could demonstrate similar effects in oxytetracycline. 10 mM of oxytetracycline inhibited 95% of

human neutrophil elastase and 1C5, was 0.3 mM.

Overall, oxytetracycline, cefamandole and methicillin are strong inhibitors of human neutrophil
elastase, and they could be a drug of cholice for the diseases which were known as pathogenesis
related to elastase. We also suggest that the mechanism of action of these antibitics are different from
the mechanism of antimicrobial effects like inhibition of both cell wall synthesis and protein

synthesis.
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INTRODUCTION

Human neutrophil elastases are present in the
azurophil granules of human polymorphonuclear
leukocytes (PMNs) (Dewald er al, 1975). Nor-
mally, the granules fused with pagosomes contain-
ing engulfed foreign material, and human leuko-
cyte elastase catabolizes the particles (Weissmann
et al, 1981). Under certain pathological condi-
tions, however, PMN become attached host pro-
tein (elastin fibers, basement membrane, connec-
tive tissues, immune complexes) (Schmidt &
Havemann, 1974; Starkey & Barrett, 1976), and in
response to this adherence, the granules may fuse
with the PMN outer membrane and release their
contents directly onto the tissues, and its potential
involvement of various inflammatory diseases such
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as emphysema and rheumatoid arthritis makes
human neutrophil elastase inhibitors of consider-
able interest. It is known that penicillins and
cephalosporins are inhibitors of bacterial cell wall
synthesis, and aminoglycosides, tetracyclines and
chloramphenicol are inhibitors of bacterial protein
synthesis. We now report that methicillin,
cefamandole, gentamicin, and oxytetracycline are
potent inhibitors of HNE.

MATERIALS AND METHODS

Materials

Hypaque, Ficoll, and N-Suc-(Ala)3-PNA
(SANA) were purchased from Sigma. CM-
Sephadex C-25 and Utrogel AcA;, were pur-
chased from pharmacia and LKB respectively.
Antibiotics were purchased from following com-
panies: penicillin G (Kunhwa), methicillin (Dae-
han), cloxacillin (Yungjin) ampicillin and chlor-
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amphenicol (Jongkundang), cefazolin and
kanamycin (Dong-A), cefamandole (Daewoong-
Lilly), cefoperazone and oxytetracycline (Pfizer),
gentamycin (Kukje), amikacin (Bristol). All other
chemicals were of the highest quality of obtain-
able.

Separation of human neutrophils

Human neutrophils were isolated from periph-
eral blood of healthy volunteer donors as de-
scribed previously (Kang et al, 1987).

Purification of human neutrophil elastase

Separated neutrophils were homogenized and
centrifuged. The supernatant was then chromato-
graphed by two steps with Ultrogel AcA 54 and
CM-sephadex C-25. Experimental details of purifi-
cation of human neutrophil elastase and electro-
phoresis studies were described previously (Ghim
et al, 1989; Jeong et al, 1987).

Elastase assay

After antibiotics were preincubated with
human neutrophil elastase in the reaction medium
containing 50mM Tris-Cl, 150 mM NaCl and 5
mM CaCl,, pH 7.3 for 30 minutes, the reaction was
started by adding SANA. The activity was deter-
mined using a Titertek Muiltiskan Spectro-
photometer (Flow Lab. Model MCC) at 410 nm
by monitoring p-nitroaniline released from the
synthetic substrate, SANA. Usually the reaction
mixture was incubated for 30~ 90 minutes at 37°C,
% Inhibition was determined by 100X [ 1-(finuitor
present/ Tinhibitor absent)]- IC;, indicates concentra-
tion of antibiotic giving 50% inhibition.

RESULTS

Inhibition of HNE by 10 mM of each of peni-
cillin G, cloxacillin and ampicillin was not signifi-
cant, less than 10% of control activity, but same
concentration of methicillin inhibited up to 50%
of original activity of HNE (Table 1), and the
inhibition was dose dependent. IC,, of methicillin
on HNE was 9.8 (Table 2). '

*Cephalosporins; cefazolin and cefoperazone
inhibited HNE not significantly, ie, 10mM of
each of them inhibits HNE only 5% and 28%
respectively, however, same concentration of

Table 1. Percent inhibition of 10 mM antibiotics on
human neutrophil elastase

Antibiotics % inhibition
Penicillins
penicillin G 15
methicillin 51.7
cloxacillin 94
ampicillin 7.8
Cephalosporins
cefazolin 53
cefamandole 66.9
cefoperazone 27.8
Aminoglycosides
gentamicin 56.5
amikacin 7.2
kanamycin 5.1
Others
oxytetracycline 95.7
chloramphenicol 4.3

Table 2. IC;, (mM) of antibiotics on activity of
human neutrophil elastase

Antibiotics 1C;, (mM)
Penicillins
penicillin G 130
methicillin 9.8
cloxacillin 194
ampicillin NA*
Cephalosporins
cefazolin NA*
cefamandole 24.5
cefoperazone NA*
Aminoglycosides
gentamicin 9.0
amikacin 31.0
kanamycin 198
Others
oxytetracycline 03
chloramphenicol 46

NA*: Not available

cefamandole inhibited this enzyme up to 67%
(Table 1) and inhibition was dose dependent. IC;,
of cefamandole was 24.5 mM (Table 2).
Aminoglycosides; kanamycin and amikacin
inhibited not significantly, i.e., 10mM of each
kanamycin and amikacin inhibited HNE only 5%
or 7% respectively, but same concentration of
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Fig. 1. Effects of penicillins on activity of human
neutrophil elastase.
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Fig. 2. Effects of cephalosporins on activity of
huyman neutrophil elastase.

gentamicin inhibited HNE up to 50% of control
activity. The inhibition of HNE by gentamicin was
dose dependent.

Oxytetracycline and chloramphenicol, which
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Fig. 3. Effects of (A) oxytetracycline and (B) chlor-
amphenicol on activity of hunan neutrophil
elastase.

are known as inhibitors of protein synthesis in
microorganisms, inhibited HNE up to 96% and 4
% respectively (Table 1). Oxytetracycline showed
most significant inhibition effect on the activity of
HNE. Less than 1 mM of oxytetracycline inhibited
96% of control activity of HNE, and the inhibition
was dose dependent (Fig. 3-(A). IC;, of oxy-
tetracycline was 0.3 mM (Table 2).
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DISCUSSION

Penicillins and cephalosporins are known as a
inhibitors of cell wall synthesis against micro-
organisms to reveal their antibiotic effects. How-
ever, Doherty, J.B. and his colleagues (1986) repor-
ted that the activity of human leukocyte elastase
could be modified by cephalosporins. Further-
more they demonstrated the ability to modify
intradermal microvascular haemorrhage which
was induced by injecting human PMN granules to
rabbit with compound XIII which is one of the
derivatives of cephalosporins. They also demon-
strated the modification of the haemorrhage by
inhibiting the activity of human leukocyte elastase
with compound XIII in vitro. We also could
demonstrate the modification of HNE activity up
to 50% with 10 mM of methicillin and cefaman-
dole which belong to penicillins and cephalospor-
ins respectively. However, penicillin G, cloxacil-
lin, ampicillin, cefazolin, amikacin, kanamycin
and chloramphenicol inhibited HNE less than 10
% of control activity. Similar concentration of
same class of antibiotics, for example, cefazolin
and cefamandole, or cloxacillin and methicillin,
reveal almost same effect against microorganisms,
with same concentrations of these drugs, but they
showed different degree of inhibition effect on
HNE in vitro. Therefore we suggest that the
mechanisms of action of these antibiotics to micro-
organisms and to elastase would be different.

We could demonstrate similar experimental
result in other antibiotics, i.e., chloramphenicol
and oxytetracycline. 10mM of oxytetracycline
inhibited 95.7% of HNE, however, same concen-
tration of chloramphenicol inhibited only 4.3% of
HNE. IC;, of oxytetracycline (0.3 mM) revealed
extremely potent inhibitor on HNE and it was very
impressive result in controlling the activity of
HNE. In aminoglycosides, amikacin and
gentamicin showed moderate effect on the activity
of HNE (IC,,:31.0 and 9.0 respectively).

It is interesting point of view seeing different
inhibition effect of some class of antibiotics on
HNE. Overall, we suggest that oxytetracycline,
cefamandole and methicillin are strong inhibitors
of HNE. We suggest that the mechanism of action
of these antibiotics may be not same as antimi-
crobial effects, inhibition of cell wall synthesis and

protein synthesis. Their mechanisms of action
would be same as inhibition on the active site of
serine proteases. We also suggest the mechanism of
action of tetracycline could be removal or freeing
of structural metal ion, Zn, since tetracycline is
powerful chelating characteristics. Strong in-
hibitors, oxytetracycline, cefamandole and meth-
icillin may be related to the inhibition of HNE
which was known as a major causative of destruc-
tion of extracellular matrix in various organs and
may be a drug of choice in acute inflammatory
diseases.
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