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Abstract
Background - Oxidant/antioxidant imbalance may occur in the lungs of
patients with chronic obstructive pulmonary disease (COPD). Glutathione is
an important extracellular and intracellular thiol oxidant in the lungs. These
studies were carried out to determine the
effect of N-acetyl cysteine on thiol concentrations in plasma, bronchoalveolar
lavage fluid, and lung tissue.
Methods - Studies were carried out on
normal subjects, patients with COPD,
and those undergoing lung resection. In
the first study N-acetyl cysteine was
given to three groups; healthy subjects
(600 mg once daily by mouth) and two
groups of patients with COPD. In the
first group of patients with COPD the
dose was 600 mg once daily and in the
second 600 mg thrice daily, all for five
days. The latter dosage regimen was also
given to six patients before bronchoscopy
and to 11 patients before lung resection.
Lung glutathione (GSH) levels in bronchoalveolar lavage fluid or lung tissue
were compared with the same numbers
of patients who did not receive N-acetyl
cysteine.
Results - N-acetyl cysteine was detected
in plasma after a single 600 mg dose in
normal subjects and patients with COPD
up to 15 hours after the drug was
given. Plasma cysteine concentrations
increased in normal subjects on both
days 1 and 5, and in patients with COPD
on day 5. Glutathione concentrations in
plasma increased on day 1 in normal
subjects but not in patients with COPD
given 600 mg N-acetyl cysteine daily.
With the higher dose of 600 mg thrice
daily, however, there was a sustained elevation of GSH concentrations in plasma
in patients with COPD. In patients
undergoing routine diagnostic bronchoscopy and bronchoalveolar lavage those
who were given N-acetyl cysteine
(600 mg) thrice daily for five days had
higher concentrations of cysteine in the
plasma, but no significant differences in
cysteine concentrations in bronchoalveolar lavage or epithelial lining fluid compared with a control group; nor were
there any differences in reduced glutathione concentrations in plasma, bronchoalveolar lavage or epithelial lining
fluids between the control and treated
groups. Moreover, in patients under-

going lung resection those treated with
N-acetyl cysteine (600 mg thrice daily for
five days) had similar concentrations of
cysteine and glutathione in both plasma
and lung tissue when compared with a
control untreated group.
Conclusions - These data suggest that,
even when given in high oral doses,
N-acetyl cysteine does not produce a
sustained increase in glutathione levels
sufficient to increase the antioxidant
capacity of the lungs.
(Thorax 1994;49:670-675)

There is increasing interest in the hypothesis
that an imbalance between oxidants and
antioxidants may be involved in the pathogenesis of emphysema.'2 Oxidants such as reactive oxygen intermediates are produced by
airspace phagocytes during lung inflammation
or inhaled directly from the environment during cigarette smoking or as a result of air
pollutants such as ozone.'-3 Such oxidants can
damage lung connective tissue and epithelial
cells directly by the process of lipid peroxidation.4 It has also been suggested that during
cigarette smoking5 or ozone inhalation6 oxidants may reach and affect cells in the intravascular space. Moreover, a strong relation has
been shown between a deficiency in the antioxidant capacity of plasma and the presence of
a family history of lung disease.7 The plasma of
patients with chronic obstructive pulmonary
disease (COPD) has also been shown to have a
reduced capacity to prevent elastolysis which
may be compounded by an abnormal antioxidant capacity in the plasma of these
patients.8 Thus, one therapeutic option in
patients with COPD would be to increase the
antioxidant capacity, not only of the plasma,
but of the epithelial lining fluid and the lung
cells in such patients.
N-acetyl cysteine is a drug which has been
used for the past 20 years in the treatment of
patients with COPD.9 Some long term studies
have shown that oral administration of Nacetyl cysteine reduces the number of acute
exacerbations in patients with chronic bronchitis,0"11 although others have not.'2 The
doses of N-acetyl cysteine used in these studies'>-2 were 200mg and 300 mg twice daily,
and 200 mg thrice daily respectively. However,
whether the efficacy of N-acetyl cysteine is
mediated through its antioxidant action re-

mains uncertain.
N-acetyl cysteine is rapidly metabolised
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low bioavailability of N-acetyl cysteine,13

higher doses may be necessary to achieve a
sustained effect within the airspaces or in lung
tissue, particularly in patients with COPD.
The aim of this study was to compare the
effects of two dose regimens of N-acetyl
cysteine on plasma thiol concentrations in
patients with COPD, and to study the effect of
the higher dose regimen on thiol concentrations in bronchoalveolar lavage fluid and lung
tissue.

thiol levels of a higher dosage of N-acetyl
cysteine, 600 mg thrice daily for five days, was
assessed. Blood samples were withdrawn at
0, 6, 12 and 24 hours - that is, at the time the
N-acetyl cysteine dose was due - on both
day 1 and day 5.
EFFECTS OF N-ACETYL CYSTEINE ON PLASMA
AND BRONCHOALVEOLAR LAVAGE THIOL LEVELS

Two groups (4 and 5, table 1) of patients who
either smokers or ex-smokers, all with
peripheral bronchial carcinomas who were
undergoing diagnostic bronchoscopy and
bronchoalveolar lavage, were studied. Group 4
acted as a control group and were not given Nacetyl cysteine; subjects in group 5 were given
N-acetyl cysteine in a dose of 600 mg thrice
daily for five days. Blood and bronchoalveolar
lavage samples (the latter from the lung without the tumour) were obtained from all
patients. In the treated group bronchoalveolar
lavage and blood samples were obtained three
hours after the last dose of N-acetyl cysteine
on day 5 of treatment.
were

Methods
EFFECTS OF N-ACETYL CYSTEINE ON PLASMA
THIOL LEVELS IN NORMAL SUBJECTS AND
PATIENTS WITH COPD
This study involved three groups: healthy,

normal, non-smoking subjects (group 1) and
of patients, both ex-smokers, with
COPD (groups 2 and 3) (table 1). The normal
subjects were given N-acetyl cysteine by
mouth one hour after meals in a single oral
dose of 600 mg daily for five days. Blood
samples were withdrawn from an indwelling
venous catheter at 0, 0 5, 1-0, 1-5, 2-0, 4 0, 6 0,
and 8&0 hours after N-acetyl cysteine on days 1
and 5. Based on these results, a comparison of
plasma thiol levels was made in patients with
COPD (group 2, table 1) at similar time points,
excepting eight hours, following an oral dose
of 600mg N-acetyl cysteine which was preceded by treatment with 600 mg N-acetyl cysteine once daily for four days. Two blood
samples separated by six hours were also withdrawn from both groups where no N-acetyl
cysteine had been given in order to determine
the stability of baseline concentrations of cysteine and glutathione.
In a further group of six patients with
COPD (group 3, table 1) the effect on plasma
two groups

EFFECT OF N-ACETYL CYSTEINE ON PLASMA AND
LUNG THIOL LEVELS

Two groups of patients (groups 6 and 7, table
1), 22 in total, all with peripheral bronchial
carcinomas planned for lung resection, were
studied. Group 6 acted as a control group and
were not given N-acetyl cysteine; patients in
group 7 were given N-acetyl cysteine 600 mg
thrice daily for 5 days before their operation.
Samples were obtained 12-16 hours after the
last dose of N-acetyl cysteine.
Informed consent was given by all subjects
and patients, and the study had the approval of
the local hospital ethical committee.
METHODOLOGY

Blood samples
Venous blood, 5 ml, was withdrawn into lithium heparin tubes and centrifuged at 4°C for
10 minutes at 800g to obtain plasma.

Measurement of urea
The concentrations of urea in plasma and
bronchoalveolar lavage fluid were measured
using a standard kit (No 66, Sigma, Poole,

Table 1 Mean (SD) patient characteristics
Group

Type

n

Age (years)

FEV,
(% predicted range)

FVC
(% predicted range)

1

Normal subjects

6
4M:2F

30-0 (8 5)

91-110

93-114

6

69-3 (10-6)

26-50

43-81

65-5 (40)

27-58

28-68

65-2 (11-9)

56-83

65-80

71-5 (6-1)

49-74

59-89

62-9 (10-4)

59-100

53-98

65-2 (6-0)

50-96

62-90

2

COPD

3

COPD

4

Bronchial carcinoma

5

Bronchial carcinoma

6

6

Bronchial carcinoma

6M
11

7

Bronchial carcinoma

7M:4F
11

4M:2F
6

2M:4F
6

3M:3F

9M:2F

COPD =chronic obstructive pulmonary disease;

capacity.

FEV, = forced expiratory volume in

one

second; FVC=forced vital
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during absorption to cysteine, whose thiol
also possesses reducing and antioxidant
properties."3 Moreover, cysteine is a precursor
in the biosynthesis of glutathione, an important intracellular and extracellular antioxidant.'415 We have previously shown that
N-acetyl cysteine, 600 mg/day for five days,
can increase cysteine concentrations in plasma
and temporarily increase the concentrations of
glutathione in plasma and bronchoalveolar
lavage fluid.'6 This may have a therapeutic role
by increasing the antioxidant capacity in the
plasma and the lungs. However, because of the
group
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DATA ANALYSIS

Thiol assay
The concentrations of cysteine, and N-acetyl
cysteine were determined by the method of
Cotgreave and Moldeus,'8 which we have previously validated.'6 Briefly, immediately after
centrifugation the samples (plasma, bronchoalveolar lavage fluid, or lung tissue supernatant) were treated with monobromobimane
(Thiolyte, Calbiochem, Nottingham, UK) and
the fluorescent thiol derivatives were separated
using reverse phase, high pressure liquid chro-

Table 2 Mean (SE) plasma N-acetyl cysteine concentrations at 30 minute intervals
for two hours after a single 600 mg dose given before (day 1) and after (day 5)
administration by mouth for five days (600 mg/day) to healthy volunteers (group 1,
n = 6) and on day 5 after administration to patients with chronic obstructive pulmonary
disease (group 2, n = 6)
Concentration of N-acetyl cysteine

(pumol/l)

Group 2

Group I
Time after N-acetyl cysteine (hours)

Day 1

Day 5

Day S

00
0-5
1-0
1-5
2-0

0
18 (0-7)
1-5 (0-9)
0-1 (0-1)
0

0
18 (0-8)
0-6 (0-2)
0
0

0
06 (0-3)
0-6 (0-2)
0-2 (0-1)
0

*

---)Day 1 (normal)
0

--- Day 5 (normal)

E

*

c

0

*-

*

Day 5 (COPD)

-

C
*

0
0
c.)
0

a)

C

co

0

Time (hours)
Plasma cysteine concentrations following a single oral dose (600 mg) of
Figure
N-acetyl cysteine before (day 1) and after N-acetyl cysteine 600 mg/day was given by
mouth for five days (day 5) to six normal subjects and six patients with COPD.
Symbols represent mean values; bars indicate SE. *p < 0 05.
1

Areas under the plasma concentration-time
curves were determined using the trapezoidal
rule.'9 Statistical analyses were performed on
duplicate samples from which mean values
were obtained. Analysis of variance and
Wilcoxon rank sum were used on data to
determine statistical significance.

Results
EFFECTS OF N-ACETYL CYSTEINE ON PLASMA
THIOLS IN NORMAL SUBJECTS AND PATIENTS
WITH COPD

When given by mouth in a dose of 600 mg once
daily N-acetyl cysteine was detected in the
plasma of both healthy subjects (group 1) and
patients with COPD (group 2) in low concentrations, reaching a maximum value 0 5 hours
after N-acetyl cysteine was given, and was
undetectable again by 2-0 hours (table 2). The
maximum plasma N-acetyl cysteine concentrations tended to be lower in the patients with
COPD than in the healthy subjects, but the
difference was not significant.
Plasma cysteine concentrations increased
significantly (p <0-05) in healthy subjects on
both days 1 and 5, and in patients with COPD
on day 5 (fig 1), reaching a maximum 0-5 and
1 0 hour respectively after 600 mg of N-acetyl
cysteine. By 4 0 hours plasma cysteine levels
had decreased to baseline values. Peak plasma
cysteine concentrations tended to be lower in
patients with COPD [9 9 (1-5) pmol/l] than in

healthy subjects [16-2 (2-2) gmol/1] although
this difference was not significant. In both
groups the two control plasma levels of cys-

teine measured with an interval of six hours
were similar to each other and to baseline
levels measured before N-acetyl cysteine was
given (data not shown).
The concentration of reduced glutathione in
plasma increased variably in healthy subjects
(fig 2) on days 1 and 5, reaching significance
6-0 hours after N-acetyl cysteine only on
day 1. Although glutathione concentrations in
plasma increased in all subjects, the maximum
level was attained in individual subjects at
different time points after N-acetyl cysteine
was given on both days 1 and 5. Plasma
reduced glutathione concentrations increased
in four of the six patients with COPD on day 5,
2-0 hours after N-acetyl cysteine (data not
shown), but this increase did not reach statistical significance when compared with the baseline values. The areas under the plasma-
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UK). Two volumes of the epithelial lining matography (Waters, Massachusetts, USA)
fluid were then calculated by the method of and quantified using a fluorescence detector.'8
Standard solutions of cysteine, glutathione,
Rennard and coworkers.'7
and N-acetyl cysteine were prepared daily
with phosphate buffered saline (pH 7A4) in the
same way as the test samples. The limit of
Preparation of lung tissue
Samples of lung tissue (2-10g) were homo- detection was 5 pmol. The coefficient of variagenised (Polytron, Kinematica, Switzerland) tion was 5% for repeated analyses. Tests for
in trichloroacetic acid (6-5% w/v). The homo- haemolysis were performed on plasma samples
genates were centrifuged for 10 minutes at using diagnostics kit No 527 (Sigma, Poole,
1000g. The supernatants were neutralised UK) and any samples with significant haemowith sodium hydrogen carbonate and assayed lysis were discarded.
for thiols in the same way as for plasma
samples'6 18 (see below).
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Figure 2 Plasma glutathione concentrations on day 1
and day S after N-acetyl cysteine (600 mg/day) was
given by mouth to six healthy volunteers for five days.
Symbols represent mean values; bars indicate SE.
*p< 0-05.

EFFECTS OF N-ACETYL CYSTEINE ON PLASMA
AND BRONCHOALVEOLAR LAVAGE THIOL LEVELS

When 600 mg N-acetyl cysteine was given
thrice daily for five days to patients undergoing routine diagnostic bronchoscopy and
bronchoalveolar lavage (group 5) cysteine concentrations were significantly higher (p < 0 01)
in plasma, but not in bronchoalveolar lavage or
epithelial lining fluids, than the control group
(group 4) (table 3). Glutathione concentrations
in plasma, bronchoalveolar lavage, and epithelial lining fluids were not significantly different
between the control and N-acetyl cysteinetreated groups. Moreover, epithelial lining
fluid volumes and urea concentrations in
plasma and bronchoalveolar lavage fluid were
similar in the control group and those treated
with N-acetyl cysteine.

8Day 1

7-

-----

Day

5

0

E

6

C

0
co
C._
4-0
C

5.

0

U
a,

C
0
.ax

:2
s

>

1

01NAC
0

NACl
LC
6

12

18

24

Time (hours)
Figure 3 Plasma glutathione concentrations on day 1 and day 5 after N-acetyl
cysteine (NAC) 600 mg was given thrice daily to six patients with COPD. N-acetyl
cysteine was given immediately after each blood sample was taken as indicated by the
arrows. Symbols represent mean values; bars indicate SE. *p < 005.

Table 3 Mean (SE) epithelial lining fluid (ELF) volumes and the concentrations of
cysteine, glutathione (GSH), and urea in the plasma, bronchoalveolar lavage fluid
(BALF), and ELF in two groups of patients undergoing routine diagnostic
bronchoscopy: a control group and a group treated with N-acetyl cysteine 600 mg thrice
daily for five days
ELF volume (ml)
Plasma cysteine (p.mol/1)
Plasma GSH (jsmol/1)
BALF cysteine (jsmol/1)
BALF GSH (unol/l)
ELF cysteine (Amol/l)
ELF GSH (Amol/1)
Plasma urea (mg/lOIml)
BALF urea (mg/100 ml)

*p<0-01.

Control (group 4)

N-acetyl cysteine (group 5)

2-1 (0-5)
3-5 (0-8)
7-0 (1-8)
0-1 (0- 1)
2-4 (0-9)
2-9 (1-3)
114-0 (44-5)
8-2 (1-3)
0-17 (004)

2-0
8-4
3-6
0-5
2-9
25-0
137-0
10-8
0-22

(0-6)
(1 1)*
(0-8)
(0-4)
(0-6)
(18-6)
(22-0)
(0-7)
(0-04)

EFFECTS OF N-ACETYL CYSTEINE ON PLASMA
AND LUNG THIOL LEVELS

When 600 mg N-acetyl cysteine was given
thrice daily for five days to patients undergoing pneumonectomy (group 7) there was no
significant difference in cysteine and glutathione concentrations in either plasma or lung
tissue compared with the control group (group
6), although cysteine and glutathione levels
were higher in all patients receiving N-acetyl
cysteine (p < l1, table 4). N-acetyl cysteine
was not detected in any of the samples in these
studies.

Discussion
Intervention in patients with COPD to enhance the antioxidant capacity of plasma or the
epithelial lining fluid is a research area of
increasing interest.'0 The potential for
N-acetyl cysteine to act directly as an antioxidant is limited by its low bioavailability, which
has been calculated to be between 4% and
10%.1124 Cysteine released by deacetylation of
- N-acetyl cysteine297 is itself an antioxidant,'3

-
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concentration time curves for cysteine (group
1, 52 0 (2 3) pmol/l; group 2, 39-0 (4-9) jmol/l)
and glutathione (group 1, 21-7 (3-3 jmol/l,
group 2, 16-8 (1-7) ,umol/l) up to six hours after
N-acetyl cysteine 600 mg daily on day 5 were
not significantly different between normal subjects and patients with COPD. In patients with
T COPD who were given the higher dose of Nacetyl cysteine (600 mg thrice daily for five
days, group 3), N-acetyl cysteine was not
detected in any of the plasma samples on either
days 1 or 5 at the times when blood was
sampled, nor was there any increase in plasma
cysteine concentrations. After N-acetyl cysteine on days 1 and 5 glutathione concentrations in plasma tended to increase on day 1,
but this change was not significant (fig 3). By
day 5, however, reduced glutathione concentrations in plasma had significantly increased
(p < 005) at 12 hours, immediately before the
8 last dose of N-acetyl cysteine, compared with
the levels before N-acetyl cysteine was given
on day 1 (fig 3).
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Table 4 Mean (SE) concentrations of cysteine and glutathione (GSH) in the plasma
and lung tissue of two groups of patients undergoing pneumonectomy: a non-treated
control group and a group treated with N-acetyl cysteine 600 mg thrice daily for five
days
Control (group 6)

Lung tissue (nmol/g lung)
Cysteine
GSH

90 (0 7)
5 2 (1-1)

94 (2 3)
5-0 (1 3)

19 1 (8-5)
1197 (275)

30 3 (11 8)
1781 (419)

however, and a precursor of glutathione, an
important antioxidant in cells and extracellular
fluids.'l'5 In a previous study we suggested
that it may be possible to enhance the levels of
glutathione in plasma and bronchoalveolar
lavage fluid.'6 We have extended these data in
this study by comparing thiol concentrations
following administration of N-acetyl cysteine
in normal subjects and patients with COPD
in the latter following a higher dosage regimen
than in our previous study.'6 We have also
measured thiol concentrations in both epithelial lining fluid and in lung tissue. When given
in the lower dose regimen (600 mg/day for 5
days) N-acetyl cysteine was detected in low
concentrations (table 2) in the plasma of both
normal subjects and patients with COPD for
up to 2-0 hours after its administration. This
agrees with other published data2'2428 which
indicate that N-acetyl cysteine disappears
rapidly from the plasma when given by mouth.
There was no accumulation of N-acetyl cysteine as the concentrations in the plasma of
normal subjects on day 5, prior to dosing with
the drug, were similar to those on day 1.
Cotgreave et a127 also reported little or no
accumulation of N-acetyl cysteine in normal
subjects following repeated dosing.
No N-acetyl cysteine was detected in the
plasma, bronchoalveolar lavage fluid, epithelial lining fluid, or lung tissue of patients
undergoing diagnostic bronchoscopy and
bronchoalveolar lavage, or in those undergoing
pneumonectomy, which can be explained by
the fact that blood sampling was undertaken
three and 12-16 hours after N-acetyl cysteine,
respectively.
Peak plasma cysteine concentrations in normal subjects occurred 0 5 hours after a single
600 mg dose of N-acetyl cysteine was given,
declining to baseline concentrations by 4-0
hours (fig 1) with no evidence of a cumulative
effect after five days of treatment.
Cysteine is a precursor in the biosynthesis of
glutathione.29 Increased glutathione concentrations in plasma in normal subjects (fig 2)
occurred at variable times after N-acetyl cysteine. As with N-acetyl cysteine and cysteine
concentrations, there was no cumulative effect
on the levels of glutathione in plasma after five
days of treatment with N-acetyl cysteine in
normal subjects, nor was there a significant
change in the plasma glutathione concentrations in patients with COPD, using this dosage
-

regimen.
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Plasma (pmol/l)
Cysteine
GSH

N-acetyl cysteine (group 7)

There was a trend for the areas under the
plasma concentration-time curves for cysteine
and glutathione to be lower in patients with
COPD than in normal subjects, which may
represent altered metabolism of the drug in
such patients.30 Hypoxia, although mild in the
patients in this study, has been shown experimentally to depress protein synthesis in man,3"
and may inhibit or delay gastric emptying
leading to malabsorption. In order to produce
the same increase in antioxidant status in
patients with COPD as in normal subjects it
may be necessary to increase the dose of Nacetyl cysteine to compensate for this apparent
malabsorption.
This hypothesis is supported by the results
obtained when N-acetyl cysteine was given in
the higher dosage of 600mg thrice daily for
five days to another group of patients with
COPD. In this case, as the first blood sample
was taken six hours after N-acetyl cysteine,
plasma cysteine and glutathione concentrations did not increase significantly on day 1
since the time of blood sampling would miss
the transient increase in plasma cysteine and
glutathione levels.
After five days of treatment with N-acetyl
cysteine in a dose of 600 mg thrice daily there
was a significant increase in plasma levels of
glutathione (fig 3). These data indicate that it
is possible to produce a small but sustained
increase in glutathione levels in plasma following treatment with N-acetyl cysteine in
patients with COPD, but only by multiple
high dosing.
Two studies in patients with chronic bronchitis with well preserved lung function have
shown that N-acetyl cysteine, in dosage
regimens of 200 mg and 300 mg twice daily
respectively, reduced the number of acute
exacerbations of bronchitis.101' However, a
regimen of 200 mg thrice daily in more disabled patients showed no effect.'2 This may be
explained by poorer absorption of the drug in
the patients with the more severe disease producing lower plasma levels. It is difficult to
conclude, however, that the modest increase in
glutathione levels or the transient increase in
plasma cysteine levels and the consequent increase in plasma antioxidant potential shown
in the present study could account for the
reduction in exacerbations of COPD in
patients treated with N-acetyl cysteine.
Increasing the antioxidant levels in lung tissue
or epithelial lining fluid, however, may be
more important in protecting the lungs from
oxidant-induced injury than enhancing plasma
concentrations. N-acetyl cysteine in a higher
dosage than in our previous study'6 did increase plasma cysteine concentrations significantly (table 3), indicating that N-acetyl
cysteine had been absorbed. There was no
corresponding increase in glutathione concentrations in plasma, however, at least at the
times when blood samples were withdrawn,
nor in cysteine and glutathione concentrations
in bronchoalveolar lavage, epithelial lining
fluid, or lung tissue. We may have missed any
changes in thiol concentrations following Nacetyl cysteine because of the limited time
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points at which samples were obtained. However, these time points were chosen to determine if treatment with N-acetyl cysteine in the
maximum tolerated oral dose could produce a
sustained rise in thiol levels in plasma or
epithelial lining fluid. This is likely to be more
important therapeutically than the transient
increases in cysteine and glutathione which we
have shown in this and our previous study.'6
This study has clearly indicated that this aim is
not achievable.
In summary, our results suggest that Nacetyl cysteine may not be the drug of choice to
enhance the glutathione antioxidant potential
of the lungs, particularly in patients with
COPD where absorption may be poor. The
results of these studies do not suggest that a
sustained increase in cysteine or glutathione in
plasma, epithelial lining fluid, or lung tissue
can account for the effect of this drug upon
acute exacerbations in patients with COPD.
The development of drugs which can enhance
glutathione levels but have better bioavailability than N-acetyl cysteine could improve our
ability to augment the antioxidant potential of
the lungs. Alternatively, thiol drugs which are
not metabolised but are themselves antioxidants would allow us to test the hypothesis
that enhancing the antioxidant status in
patients with COPD could prevent clinical
deterioration.
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