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THE aim  of this  s tudy was to ex am in e th e basal r e lease
of lysozym e from  isolated hum an  lung tissues . Me as-
urem ents  of lysozym e in  the fluids  derived from  lung
preparations  were  pe r form ed usin g a rate-of-lys is
as say subsequen t to  acidification  of the  biological
sam ples . Lysozym e  released from  bronchia l prepara-
tions into fluids  was  greate r than  that obse rved for
parenchym al tissues . The  lysozym e quantitie s  detec-
ted in  bronch ial fluids  were not m odified by rem oval
of the surface epithe lium . Furtherm ore , th e quan-
titie s  of lysozym e  in  bronchial fluids  w as  correlated
w ith  th e s ize  of the bronchia l preparations. Th ese
results  sugges t that the  lysozym e was principally
secreted by the  hum an  bronchi (subm ucosal laye r)
rather than  by parenchym a tissues  and that a greate r
release was  obse rved in  the  prox im al airw ays .
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Introduction

Lysozyme has  been desc ribed to be pre sent in
glandular serous cells1 ,2 and to be sec rete d by
tracheal ex plants by both glandular and epithelial
ce lls.3 Furthermore, neutrophils  and macrophages
that ac cumulate  w ithin the airw ays may be also a
source of lysozyme .3,4

Since high concentrations of lysozyme have been
identified in airw ay lavage  fluids5,6 and in ex pec-
torated sputum from patients w ith asthma,7 chronic
obstructive  lung disease 6 – 8 and cystic fibrosis,8 the
dete ction of this enzyme  in biological fluids from
patients w ith resp iratory disease has frequently be en
monitored as an index  of inflammation in human
airw ays. How eve r, in these investigations the origin of
the lysozyme w as  not identified. Recently, Thompson
and cow orke rs6 determined the lysozyme  concentra-
tions in both bronchial and alveolar lavage fluid
samples , but the re lative  contribution of lysozyme  by
prox imal and distal airw ays w as not discussed.

To investigate  the  possibility that this enzyme
might serve  as a useful marker of airw ays sec retion
and to ex amine  the re lative contribution of the  upper
and low er respiratory tract to lysozyme  re lease from
isolated human lung tissues, the basal re le ase of
lysozyme  w as measured in the  biologic al fluids
derived from prox imal and distal bronchial rings, as
w ell as from parenchymal tissues.

Material and methods

Functional studies

Human lung tissues w ere  obtained from patients
(six  lung sample s) w ho had undergone  surgery for
lung carc inoma. Tis sues w ere  obtained from the
resected lung at a distance from the tumor area.
Parenchymal lung tissues w ere  cut as  strips
(2/15 mm). The subsegmental bronchi (first to third
generation bronchi) we re  disse cted fre e from par-
enchymal tissue, cut as rings of constant length
(2 mm, internal diamete r) and w eighed. In some
bronchial rings, the  surface epithelium w as
removed by gently rubbing the  luminal surface of
the bronchial preparations w ith a moiste ned cotton
sw ab. Bronchial and parenchymal tissues we re
w ashed w ith a physiological Tyrode ’s solution, pH
7.4 and allowed to equilibrate in Tyrode ’s solution
for 1 h at 37°C in a humidified incubator (5% CO2 /
air). Bronchial rings w ere  placed in 1 ml of Tyrode’s
solution w hile  parenchymal tissues w ere  equilibra-
te d in 10 ml of the Tyrode ’s solution. At the  end of
this equilibration pe riod, media w ere  ex changed.
Bronchial and parenchymal tissues w ere  rep laced in
identical volumes of fresh Tyrode’s  solution pre-
viously w armed for 1 h at 37°C. Media de rived from
bronchial and parenchymal tissue s w ere  collec te d
and stored at –20°C.
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Assay of lysozyme

Lysozymal activity w as determined spectrophotomet-
rically by measuring the initial rate  of lys is of a 3 mg/
ml Micro co ccu s  ly s o de ikticu s cell w all suspension
(Sigma Chemic al Co., St Louis).9 Standard curves w ere
construc te d by incubating egg-w hite lysozyme
(0.5–100 ng /ml; Sigma Chemical Co.) in 1.5 ml of
50 mM potassium phosphate buffer, pH 7.4 contain-
ing M. ly s o de ikticu s (300 m g /ml), sodium azide  (0.1%;
Sigma Chemical Co.), BSA (1 mg /ml; Sigma Chemical
Co.), mix ed and incubated at 37°C for 2 h. In paralle l,
fluids (1 ml) colle cted from bronchial and parenchy-
mal tissues we re  diluted in deionized w ater (1:4 v /v)
and ace tic acid w as added to adjust the pH to 4.5.
Samples w ere  heated at 100°C for 2 min10 and
centrifuged (3000 rpm for 10 min) to prec ipitate
impurities . An aliquot of 200 m l of e ach tre ated sample
w as added to 1.8 ml of potassium phosphate buffer
containing M. ly s o de ikticu s (300 m g /ml), BSA (1 mg/
ml), 0.1% sodium azide  and incubated at 37°C for 2 h.

Change in turbidity w as monitore d at a w avelength of
450 nm w ith potass ium phosphate buffer as blank. No
change of turbidity occurred under the se conditions
in absence of enzyme . A standard curve w as plotted as
optical density ve rs u s  the concentration of
lysozyme.

Calculation

Coefficients of variation of the low est and the  highest
value of the standard curve were  calculated by
dividing the standard deviation by the  mean and
ex pre ssed as a percentage . The  concentration of
lysozyme  detected in the fluids derived from human
bronchial and parenchymal preparations  are
ex pre ssed as  ng /ml and were  estimated from the
standard curves. All results  are means±SEM. Statistic al
analysis w ere  performed using the  Student’s t-test. A
value (P< 0.05) w as  taken as an indication of
significance .
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FIG. 1. Calibration curve of the rate-of-lysis assay based on the bactericidal activity of lysozyme. Data points represent the
means±SEM (n=15) for optical density measured in triplicate at 450 nm at each egg-white standard concentration (0.5–100 ng/
ml).



Results

The mean standard curve  (n =15) for the  lysozyme
concentration measurements obtained w ith the egg-
w hite lysozyme is pre sented in Fig. 1. The  assay w as
sensitive since the linear part of the curve allowed the
dete rmination of lysozyme  concentrations from 100
to 1.6 ng /ml. This assay w as  also highly reproductive
since the coe ffic ient of variation for the highest and
the low est value were  3% and 6%, respective ly.

Whereas no s ignificant alte ration of the standard
curve  w as observed w hen the egg-w hite  lysozyme
w as ac idified and heated (data not show n), the
lysozyme  concentrations determined in treated bron-
chial fluids w ere  s ignificantly inc reased compared
w ith the  contents of untreated fluids de rived from the
same bronchial preparations (Table 1).

The  lysozyme  quantitie s of fluids derived from
bronchial rings we re  then compared w ith the concen-
trations detec ted in parenchymal fluids subsequent to
acidification and heating of the sample s. Approx-
imatively tw o-fold higher concentrations  w ere  meas-
ured in bronchial fluids compared w ith the amounts
dete cte d in fluids derived from the  parenchymal
tissues (data not show n). Furthermore, the mean
parenchyma w et w eight w as 19-fold higher than the
bronchial w et w eight, suggesting that the  lysozyme
quantities  dete rmined in tre ated bronchial fluids w ere
largely dependent on the  lung tissue w et w eight from
w hich samples derived.

Ba sa l s e cre tio n  o f ly s o zy m e  fro m  hu m an  a irw ay s
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Table 1. Effects of acidification and heating on the lysozyme
detection

Bronchial fluids Lysozyme (ng/ml)

Untreated 280±47
Acidified and heated 507±65*

Values are means±SEM (three preparations from three different lung
samples; mean bronchial tissue wet weight: 900±30 mg).
*indicates that values are significantly different from untreated
samples (P<0.05; Student’s t test).

FIG. 2. Lysozyme release corrected by tissue wet weight
and expressed as ng/ml/mg of tissue wet weight from
human bronchial and parenchymal preparations. Values are
means±SEM from 40 bronchial rings and 10 parenchymal
preparations from six lung samples. ***indicates P<0.005
(Student’s t-test).

FIG. 3. Lysozyme quantities (ng/ml) contained in fluids
derived from human bronchial preparations either with ( j )
or without (h ) surface epithelium. Values are means±SEM
(10–40 bronchial rings from three to six lung samples; mean
tissue wet weight: 200±70 mg).



Since significant correlations w ere  observed
betw een the tissue  w e t we ight and the quantitie s of
lysozyme  detected in fluids de rived from either
human bronchial rings (correlation coefficie nt,
r=0.86; P< 0.05) or lung parenchyma (corre lation
coeffic ient, r=0.63; P< 0.05), normalization of the
lysozyme  fluid contents to tissue we t w eight w as
performed. The lysozyme quantities de te cte d in bron-
chial fluids w ere  significantly higher (approx imately,
15-fold) than the  quantitie s of lysozyme dete cte d in
the parenchymal fluids (Fig. 2).

No significant difference  in the  lysozyme  quantitie s
w as observed in the  fluids collec te d from bronchial
rings w ith an intact epithe lium compared w ith the
quantities  de tec ted in fluids de rived from rings w here
the surface  epithelium had been re moved (Fig. 3).

Discussion

These results  suggest that the measurements of
lysozyme  in the  biological fluids de rived from human
bronchial and parenchymal tissues subsequent to
acidification and heating facilitated the  lysozyme
dete ction. A predominent re lease  of this enzyme from
human bronchial rings, particularly from submucosal
glands was obse rved, w hereas lung parenchymal
tissues re le ased markedly le ss quantitie s of lysozyme.
The results  also suggested that prox imal airw ays
se creted higher lysozyme  quantities than distal
bronchi.

The  de te rmination of the lysozyme contents in
fluids collected from human bronchial rings and
parenchymal tissue s w as performed using a highly
sensitive and reproductive spectrophotometric assay
based on the bacteriolytic ac tivity of this enzyme .9,1 1

This assay allowed the detec tion of lysozyme  levels as
low  as 1.6 ng /ml in biologic al fluids. How ever, strong
inte rac tions betw een the  lysozyme and mucus glyco-
prote ins have been reported due to their negative
charge , leading to the  aggregation of these  prote ins
and to the difficulty in evaluating the lysozyme
quantities  ex actly in biologic al samples .12 Several
years  ago, Jollè s and Petit10 desc ribed a tre atment of
salivary fluids by ac idifing and heating samples,
w hich purified the  enzyme w ithout alte ring the
lysozymal activity.10 ,1 3 How eve r, this observation has
been large ly neglec te d in the methods used to
evaluate  the lysozyme  concentrations in biological
samples . The present report clearly show ed that the
lysozyme  quantitie s detec ted in the treated bronchial
fluids w ere  significantly incre ased compared w ith the
contents  of untreated samples . These data supported
the notion that the lysosomal ac tivity w as stable  after
acidification and heating of samples  and suggeste d
that this  tre atment w as  suitable  for purifying the
enzyme and thereby facilitated the  de termination of
the quantities detected by the  rate-of-lysis assay.

The  lysozyme  quantitie s detected in human bron-
chial fluids w ere  approx imatively 1 m g /ml, w hereas
low er quantitie s of lysozyme (660 ng /ml) we re  dete c-
te d in the fluids derived from parenchymal tissues
(present re port). Although high concentrations of this
enzyme have been dete cte d in airw ay lavages or nasal
fluids from patients  w ithout resp iratory distre ss
(approx imative ly, 10 m g/ml),5,6 the  difference s in the
levels of lysozyme  dete cte d in bronchial fluids may be
ex plained by the  fac t that measurements (present
report) w ere  pe rformed in a mode l of isolated
bronchial rings w hich w ere  pe riodically rinsed w ith
fresh medium. Previous investigations  reported that
the bronchial sample lavage  fluid concentrations of
lysozyme  were  higher than alveolar sample  contents
after normalization of the  quantities to albumin.6 In
the present study, w hen the  lysozyme quantities w ere
correc ted by tissues w et we ight from w hich biolog-
ical fluids we re  derived, bronchial contents  w ere
markedly higher (approx imate ly, 15-fold) compared
w ith the parenchymal fluid concentrations, support-
ing the previous observations. In human lung tissues,
Klockars and coworkers4 reported that alveolar epi-
thelium w as devoid of lysozyme  w hile  an intense
lysozyme  immunohistochemic al labelling w as
observed in neutrophils and monocyte s w hich accu-
mulate  w ithin the airw ays. In view  of these investiga-
tions, the present data suggeste d that the  lysozyme
dete cte d in parenchymal fluids may be due  to the
degranulation of macrophage s and neutrophils pres-
ent in the  lung connective  tissue.

The  present re sults show ed that the lysozyme
concentrations were  highly corre lated w ith the bron-
chial tissues w et w eight, suggesting that the lysozyme
source w as  gre ater in human prox imal bronchi
compared to the distal airw ays. Recent investigations
reported that goat airw ay bronchiole s and alveolar
duc ts w ere  essentially constituted of six  cell types,
among w hich glandular structures  w e re  not pres-
ent.14 These data supported the notion that in the
more distal portion of the  lung, the glandular volume
w as smalle r.

The  pre sent study also demonstrated that the
removal of the surface epithelium from human
bronchial rings did not modify the  lysozyme re lease
from the se preparations. These  data suggested that
the submucosal laye r w as the principal source of
lysozyme  and supported previous immunohistochem-
ical observations, w hich show ed that the lysozyme
w as sec rete d from the  bronchial glandular se rous
ce lls.1,2

In conclusion, the present report demonstrated
that a tre atment (acidific ation and heating) of biolog-
ical fluids derived from lung samples fac ilitated the
dete ction of lysozyme by the spectrophotometric
rate-of-lys is assay. In addition, the measurements of
lysozyme  show ed that this enzyme w as  re leased from
human bronchial rings, spec ifically from glandular
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ce lls  of the submucosal layer rather than from lung
parenchyma. Since  various investigations reported
that lysozyme  leve ls  w ere  e levated in association w ith
respiratory distress , such as chronic  bronchitis  and
asthma6 – 8 w here glandular tissue  volume  w as high,
these  data suggested that the lysozyme may be  a
marker of the sec retory activity of glands and could
be used in the  study of agents regulating the  glandular
se cretion.
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