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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) N-acetyl cysteine (group 7)
Plasma (pmol/l)
Cysteine 90 (0:7) 94 (2-3)
GSH 52 (11) 50 (1-3)
Lung tissue (nmol/g lung)
Cysteine 19-1 (85) 30-3 (11-8)
GSH 119-7 (27°5) 1781 (41-9)

however, and a precursor of glutathione, an
important antioxidant in cells and extracellular
fluids.'*"> In a previous study we suggested
that it may be possible to enhance the levels of
glutathione in plasma and bronchoalveolar
lavage fluid.'* 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.'® We have also
measured thiol concentrations in both epithe-
lial 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 data??® which
indicate that N-acetyl cysteine disappears
rapidly from the plasma when given by mouth.
There was no accumulation of N-acetyl cys-
teine 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 al?’ 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, epithe-
lial 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 nor-
mal 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.” Increased glutathione concen-
trations in plasma in normal subjects (fig 2)
occurred at variable times after N-acetyl cys-
teine. 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 concentra-
tions in patients with COPD, using this dosage
regimen.
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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.*® Hypoxia, although mild in the
patients in this study, has been shown experi-
mentally to depress protein synthesis in man,*
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 N-
acetyl 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 600 mg 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 concentra-
tions 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 follow-
ing treatment with N-acetyl cysteine in
patients with COPD, but only by multiple
high dosing.

Two studies in patients with chronic bron-
chitis 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.!’!! However, a
regimen of 200 mg thrice daily in more dis-
abled patients showed no effect.!? This may be
explained by poorer absorption of the drug in
the patients with the more severe disease pro-
ducing 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 in-
crease in plasma antioxidant potential shown
in the present study could account for the
reduction in exacerbations of COPD in
patients treated with N-acetyl Ccysteine.
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’ did in-
crease plasma cysteine concentrations signifi-
cantly (table 3), indicating that N-acetyl
cysteine had been absorbed. There was no
corresponding increase in glutathione concen-
trations 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 N-
acetyl cysteine because of the limited time
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points at which samples were obtained. How-
ever, these time points were chosen to deter-
mine 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.'®
This study has clearly indicated that this aim is
not achievable.

In summary, our results suggest that N-
acetyl 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 bioavailabi-
lity 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 anti-
oxidants would allow us to test the hypothesis
that enhancing the antioxidant status in
patients with COPD could prevent clinical
deterioration.
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Effect of N-acetyl cysteine on the
concentrations of thiols in plasma,
bronchoalveolar lavage fluid, and lung
tissue.
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