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INTRODUCTION

Human leukocyte proteases; collagenase,
elastase, cathepsin G and specific gelatinase,
present in the azurophil granules of neut-
rophils. These neutral proteinases, especially
elastase, have been implicated as a
pathogenic agent in pulmonary emphysema,
theumatoid arthritis, arteriosclerosis, acute in-

En-

dogenous and exogenous inhibitors of human

flammation and tumor invasion.'347810)

leukocyte proteases for the treatment of these
diseases have been developed in several

Recently, interesting investigations were re-
ported that the activity of human leukocyte
proteases were inhibited by some antibiotics.
Golub, L. M., et. al®® proposed that: (i) tet-
inhibit the activity of
collagenase; (i) this newly discovered proper-

racyclines can
ty of the drugs could provide a novel
approach to the treatment of diseases, includ-
ing certain medical disorders, which involve
excessive collagen destruction. In 1986,
Doherty, J. B. and his colleagues” reported
that neutral cephalosporins could be a potent
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time-dependent inhibitor of human leukocyte
elastases. Gradually, it has been evoked
which antibiotic inhibits the activity of hu-
man neutrophil elastase and what is the
mechanism of action of the antibiotics on the
antiprotease property.

This report describes the properties of anti-
biotics on human neutrophil elastase activity.

MATERIALS AND METHODS

Materials

Reagents were purchased as followings -
Hypaque (sodium diatrizoate), Ficoll (type
400, MW 400,000), N-Suc-(Ala); -PNA
(SANA) from Sigma; CM-sephadex C-25
from Pharmacia; Ultrogel AcA 54 from LKB.
Other chemicals were used G. R. grade.

The antibiotics were purchased from fol-
lowing companies as listed : penicillin G
(Kunhwa), methicillin (Daehan), cloxacillin
(Yungjin), ampicllin and chloramphenicol
(Jongkundang), cefazolin and kanamycin
(Donga), cefamandole (Daewoong-Lilly),
cefoperazone and oxytetracycline (Pfizer),
gentamicin(Kukje), amikacin(Bristol).

Separation of Pure Neutrophils

Human neutrophils were isolated from
peripheral blood of healthy volunteer donors
as described previously.? Whole blood was
mixed with EDTA to prevent clottings and
carefully layered on the 3-step gradient of
Hypaque-Ficoll solution (density; 1.080,
1.122, 1.133g/ml). Highly pure neutrophils
were obtained through centrifugation at 300g
for 25 min at room temperature.

Purification of Human Neutrophii Elastase

Separated neutrophils were homogenized

and centrifuged. The supernatant was then
chromatographed by two steps with Ultrogel
AcA 54 and CM-sephadex. Experimental de-
tails of human neutrophil elastase isolation
and electrophoresis studies are preparing for
publication.

Antibiotics Test on Human Neutrophil
Elastase Activity

Twelve antibiotics were selected from peni-
cillins, cephalosporins, aminoglycosides, and
others. After each antibiotics were preincu-
bated with human neutrophil elastase in the
reaction medium for 30 minutes, the reaction
was started by adding SANA. Human neut-
rophil elastase activity was determined spec-
trophotometrically at 410nm by monitoring p-
nitroaniline released from the synthetic subs-
trate, SANA.

Usually the reaction mixture was incubated
for 30~90 minutes at 37°C. % inhibition was
determined by 100X (1 —(rimmtor present/Tin”
hibator absent)) . 1Cso indicates concentration of
antibiotic giving 50% inhibition.

RESULTS

Separation of Pure Neutrophils

After centrifugation at 300g for 25 minutes
at room temperature, 3 different cell fractions
were observed at the interface of each solu-
tion. The third band was predominantly neut-
rophils and the cell purity was 96.2%. Cell
recovery was always>80% for neutrophils
and cell viability that was determined by try-
pan blue exclusion test was>99%.

Purification of Human Neutrophil Elastase

Highly pure human neutrophil elastase was
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obtained by two steps of purification with
Ultrogel AcA54 and CM-sephadex. Details of
purification is out of scope of this report,
therefore we will report the details about puri-
fication and characterization of human neut-
rophil elastase separately.

Antibictics Test on Human Neutrophil
Elastase Activity

Inhibition of human neutrophil elastase by
antibiotics reveals different characteristics
than that were shown against microorganisms.
Penicillins; penicillin G, cloxacillin, and
ampicillin showed only less than 20 percent
inhibition at 10mM concentration but methi-
cillin which is belong to similar class to
above mentioned drugs, showed more than 50
percent inhibition at same concentration.
When we tested the drug effect, for example
like ampicillin at higher concentration, the in-
hibition of human neutrophil elastase was not
significantly changed (Fig. 1-A). But in
methicillin, the inhibition of human neutrophil
elastase was significantly increased by incre-
ment of the concentration up to 8mg/100#1
(Fig. 1-B). 80.23% of human neutrophil elas-
tase was inhibited by 49.6mM of methicillin.

In cephalosporins series of antibiotics, cefa-
zolin and cefoperazone showed a little inhibi-
tion of human neutrophil elastase activity but
cefamandole inhibits this enzyme significant-
ly. 10mM of cefazolin and cefoperazone inhi-
bited less than 30% of control activity but
same concentration of cefamandole inhibited
up to 70% of the control activity (Table 1).
95% of human neutrophil elastase was inhi-
bited by 48mM of cefamandole (Fig. 2), ie.,
ICs0 of cefamandole was 5.85#g/ml (Table
2).

In aminoglycosides, most strong inhibitor
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Fig. 1. Effects of Penicillins on Activity of
Human Neutrophil Elastase ; (A) ampicillin (B)
methicillin.
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Table 1. Percent Inhibition of 10mM Antibio-
tics against Human Neutrophil Elastase

Antibiotics % Inhibition
Penicillins
penicillin G 18.75
methicillin 50. 98
cloxacillin 9.42
ampicillin 7.80
Cephalosporins
cefazolin 11.99
cefamandole 66.91
cefoperazone 27.82
" Aminoglycosides
gentamicin 40. 96
amikacin 26. 80
kanamycin 10.71
“Others
oxytetracycline 98. 55
chloramphenicol 41.24
’E\ F 0:90min
go.a o ©:60min
T |b
Soe
-4
o
x04
(o]
w
202

2 4 6 20
CEFAMANDOLE (mg/100ul}

Fig. 2. Effects of Cefamandole on Activity of
Human Neutrophil Elastase.
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Table 2. Activity of Antibiotics against Hu-
man Neutrophil Elastase

Antibiotics ICs, (ug/ml)
Penicillins
penicillins G 59.92
methicillin 10.00
cloxacillin 19.42
ampicillin NA¥*
Cephalosporins
cefazolin NA*
cefamandole 5.85
cefoperazone NA*
" Aminoglycosides
gentaricin 12.20
amikacin 16.60
kanamycin 257 .40 b
“Others
oxytetracycline 0.25
chloramphenicol 14.56

NA* : Not Availble.

was gentamicin. 10mM of gentamicin inhi-
bited human neutrophil elastase up to 40% of
control activity, however 10mM amikacin and
kanamycin inhibited 27% and 11% respective-
ly (Table 1). Inhibition properties of kanamy-
cin was almost negligible. It's ICso was
257.40 #g/ml.

Oxytetracycline and chloramphenicol which
are inhibitors of protein synthesis in microor-
ganisms inhibited 98% and 41% respectively
of human neutrophil elastase activity (Table
1). ICso of oxytetracycline was 0.25 #g/ml.

DISCUSSION

Penicillins and cephalosporins are known
as a inhibitors of cell wall synthesis against
microorganisms to reveal their antibiotic
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effects. Recently, Doherty, J. B. and his
colleagues® reported that the activity of hu-
man leukocyte elastase can be modified by
cephalosporins. Furthermore they demons-
trated the ability to modify intradermal micro-
vascular haemorrhage which was induced by
injecting human PMN granules to rabbit with
compound XIII which is one of the deriva-
tives of cephalosporins. They also demons-
trated the modification of the haemorrhage by
inhibiting human leukocyte elastase activity
with compound XIII in vitro. We could de-
monstrate the modification of human neut-
rophil elastase activity up to 50% with 10mM
of methicillin and cefamandole which belong
to penicillins and cephalosporins respectively.
However, penicillin G, cloxacillin, ampicillin
and cefazolin inhibit the human neutrophil
elastase less than 20% of control activity.
Similar concentration of same class of anti-
biotics, for example, cefazolin and cefaman-
dole, or cloxacillin and methicillin, reveal
almost same effect against microorganisms,
but they showed different degree of inhibition
effect on human neutrophil elastase in vitro.
Therefore we can suggest that the mechan-
isms of action of these antibiotics to microor-
ganisms and to the inhibition of elastase
would be different.

We could demonstrate similar experimental
result in other antibiotics, ie., chlorampheni-
col and oxytetracycline which are known as
inhibitors of protein synthesis in microorgan-
isms. Oxytetracycline inhibited 99% of human
neutrophil elastase at 10mM concentration,
however, chloramphenicol inhibited only 40%
of human neutrophil elastase at the same con-
centration. ICsy of oxytetracycline was 0.25 #
g/ml. It was very impressive result in con-
trolling the activity of human neutrophil elas-

tase. In aminoglycosides, amikacin and genta-
micin showed moderate effect on the activity
of human neutrophil elastase (ICsg : 16.6 and
12.2 respectively).

It is interesting point of view seeing diffe-
rent inhibition effect of some class of antibio-
tics on human neutrophil elstase. Overall, we
can suggest that oxytetracycline, cefamandole
and methicillin are strong inhibitors of human
neutrophil elastase, and they could be a drug
of choice for the diseases which are known
the pathogenesis related to elastase. We also
suggest that the mechanism of action of these
antibiotics are not same as antimicrobial
effects, 1. e., inhibition of cell wall synthesis
and protein synthesis. They may be related to
the inhibition of destruction of extracellular
matrix in various organs.

REFERENCES

1. Bieth J ! Elastase; structure, function and
pathological role. Front Matrix Biol 6 :
1, 1978

2. Doherty JB, Ashe BM, Argenbright LW,
Barker PL, Bonney R], Chandler GO,
Dahlgren ME, Dom Jr CP, Finke PE,
Firestone RA, Fletcher D, Hagmann WK,
Mumford R, O’Grady L, Maycock AL,
Pisano JM, Shar SK, Thompson KR,
Zimmerman M : Cephalosporin antibio-
tics can be modified to inhibit human
leukocyte elastase. Nature 322 : 192, 1986

3. Edwards DW . A summary of the third
conference on research in emphysema, air
polution, and chronic pulmonary insuffi-
ciency. Session V. Ann Rev Respir Dis
38 . 581, 1961

4. Gadek JE, Fells GA, Zimmerman RL,
Crystal RG :Role of connective tissue
proteases in the pathogenesis of chronic



A RER RO 4R F 1R, 1988

inflammatory lung disease. Environ
Health Perspectives 55 . 297, 1984

. Golub LM, McNamara TF, Angelo GD,
Greenwald RA, Ramamurthy NS . A non-
antibacterial chemically-modified tetracy-
cline inhibits mammalian collagenase
activity. ] Dent Res 66 : 1310, 1987

. Golub LM, Ramamurthy NS, McNamara
TF, Gomes B, Wolff M, Ciancio S,
Schneir M, Perry H : Tetracyclines in-
hibit tissue collagenase activity : A new
mechanism in the treatment of periodon-
tal disease. J Periodont 19 : 651, 1984

. Janoff A : Neutrophil proteinases in in-
flammation. Ann Rev Red 23 :177, 1972
. Janoff A ! Granulocyte elastase : role in
arthritis and pulmonary emphysema. In :

10.

11.

Neutral proteases of human polymorpho-
nuclear leukocytes. Haveman K, Janoff
A eds., Baltimore, Urban & Schwarzen-
berg, 1977, pp 390

. Kang K, Jeong HY, Ghim S-Y : Simul-

taneous separation of pure neutrophils
and lymphocytes from normal blood by
step gradient centrifugation. Korean J Im-
munol 9 : 27, 1987

Strauli P I A concept of tumor invasion.
In : Proteinases and tumor invasion.
Strauli P, Barrett AJ, Baici A, eds., New
York, Ravin Press, 1980, pp 1~13
Trainor DA . Synthetic inhibitors of hu-
man neutrophil elastase. TIPS 8 : 303,
1987




