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Abstract-Neutrophils contain the enzyme myeloperoxidase, which oxidizes Cl- ions into the powerful 
oxidant hypochlorous acid (HOCl). HOC1 inactivates q-antiprotease, permitting uncontrolled protease 
activities. Most anti-inflammatory drugs tested are capable of reacting with HOCl, but the reactions 
seem insufficiently rapid under physiological conditions to protect cu,-antiprotease against inactivation 
by HOCl. However, rapid scavenging of HOC1 might contribute to the anti-inflammatory effects of 
penicillamine, gold sodium thiomalate, phenylbutazone and primaquine. 

Activated neutrophils produce the oxygen-derived 
species superoxide (0;) and H202 and, possibly, 
the hydroxyl radical (*OH) [ 1,2]. They also release 
the enzyme myeloperoxidase, which uses H202 to 
oxidise Cl- ions into a powerful oxidant that has 
been identified as hypochlorous acid (HOCl) (3-51. 
It has been proposed that phagocyte-generated 
OF, H202 and .OH [2,6,7] as well as HOC1 [3] are 
important in producing tissue damage at sites of 
inflammation, such as the inflamed joints of patients 
suffering from rheumatoid arthritis [6-91. HOC1 has 
also been implicated in the pathogenesis of emphy- 
sema [3]. 

Inflammatory diseases such as rheumatoid arthritis 
can be treated with a wide range of drugs, including 
steroids, non-steroidal anti-inflammatory drugs such 
as aspirin, diclofenac sodium or ibuprofen, so-called 
“disease-modifying drugs” such as penicillamine and 
gold sodium thiomalate, immunosuppressive com- 
pounds, and antimalarials such as chloroquine and 
quinacrine [ 10-171. Each of these drugs probably has 
multiple mechanisms of action. For example, non- 
steroidal anti-inflammatory drugs not only inhibit 
cyclooxygenase, but might also act as scavengers of 
*OH radicals [ 18,191. Many of the above drugs have 
been reported to influence the production of 0, and 
Hz02 by activated neutrophils or monocytes [lO- 
15,201. They may also bind transition metal ions [7] 
in ways that affect the reactivity of such metal ions 
in stimulating free radical reactions (Aruoma and 
Halliwell, submitted for publication). 

It has been suggested that a number of anti- 
inflammatory drugs, especially those containing sul- 
phur (e.g. penicillamine) might scavenge HOC1 gen- 
erated by myeloperoxidase [21-231. Pekoe et al. [24] 
found that almost every anti-inflammatory drug 
tested could inhibit the chemiluminescence of a sys- 

tern containing HOCl, suggesting that all these drugs 
could act as HOC1 scavengers. 

However, HOC1 is a powerful oxidant that can 
attack a wide range of oxidizable biomolecules 
[4,5,25-281. Scavenging of HOC1 by a drug will only 
be physiologically significant if, at the concentration 
of drug that can be achieved in Go, its reaction with 
HOC1 is fast enough to protect important biological 
targets from attack by HOCl. For example, dimethyl- 
sulphoxide reacts with HOC1 [5,25,28], but this 
reaction is probably too slow to account for the 
biological effects of dimethylsulphoxide [28]. 

The most important biological target that can be 
attacked by HOC1 is thought to be the al-anti- 
protease protein. HOC1 inactivates this protein, so 
permitting uncontrolled activity of proteases, 
especially elastase [3,29]. In the present paper, we 
have examined the ability of a wide range of anti- 
inflammatory drugs to protect a,-antiprotease 
against attack by HOCl. HOC1 itself was used rather 
than the myeloperoxidase-Cl--H202 system, to 
avoid confusion arising from the ability of some drugs 
to react with Hz02 or to affect myeloperoxidase 
activity directly [21,22]. 

MATERIALS AND METHODS 

Reagents. cul-Antiprotease (type A9024) was from 
Sigma. Porcine pancreatic elastase, NaOCl and other 
reagents used were from BDH Chemicals Ltd. Drugs 
were provided by their respective manufacturers. 

Assays. Elastase and al-antiprotease were assayed 
at pH 7.4 essentially as described in [26] and [27]; 
full details are given in the legend to Table 1. HOC1 
was obtained immediately before use by adjusting 
NaOCl (BDH Chemicals Ltd) to pH6.2 with dil. 
H2S04, and its concentration measured as in ref. 25. 
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Table 1. Effect of anti-inflammatory drugs on the inactivation of a,-antiprotease by HOC1 

Elastase activity (% maximum rate) 

Drug added 

None 
(Omit HOC]) 
Paracetamol 
Acetylsalicylic acid 
Salicylic acid 
Mefenamic acid 
Flufenamic acid 
Diflunisal 
Naproxen 
Ibuprofen 
Ketoprofen 
Chloroquine 
Diclofenac sodium 
Indomethacin 
Primaquine 
Penicillamine 
Phenylbutazone 
Piroxicam 

Type of drug 

- 
- 
Analgesic 
Salicylic acid 
Salicylic acid 
Fenamic acid 
Fenamic acid 
Salicylic acid 
Propionic acid 
Propionic acid 
Propionic acid 
Anti-m~arial 
Phenylacetic acid 
Heterocyclic 
Anti-malarial 
Sulphur-containing 
Pyrazolone 
Oxicam 

Column A 
(simultaneous drug addition) 

100 
3 

99 
98 
99 
95 
98 
92 
94 
96 

loo 
92 
98 
51 

5 
3 
1 

38 

Column B 
(pre-incubation of HOC1 

with drug) 

98 
3 
3 

42 
12 
11 
5 

83 
60 
74 
97 

2 
15 

1 
1 
2 
1 
7 

tui-antiprotease (final con~ntration 1 .O mg/ml) was mixed with the final concentration of drug stated and then HOC1 
was added to a final concentration of 7.5 yM. The final reaction volume was 35.1~1, and also contained phosphate- 
buffered saline at pH 7.4 [26]. This reaction mixture (reaction mixture I) was incubated at 25” for 1 hr. 3 ml of buffer 
was then added, followed by pancreatic elastase. After further incubation for 30 min, elastase substrate was added and 
the elastase activity remaining was assayed as a rise in absorbance at 410nm (261. Results are expressed as a % of 
maximum elastase activity (100% is an A 4,0 of O.O6O/min), being the mean values of duplicate experiments that agree 
to within 5%. Column A Experiment as above. Column B The HOC1 and drug were pre-incubated for 5 min before 
adding ~~-~tiprotease, followed by incubation for a further @min. Elastase and buffer were then added, as above. 
Drugs were included in the reaction mixture at a final concentration of 1.0 mM. Where necessary, the pH of drug 
solutions was adjusted to pH 7.4 immediately before use. 

Drugs were dissolved in phosphate-buffered saline 
or, where necessary, in 0.1% (w/v) NarCOs and the 
pH of reaction mixtures adjusted to 7.4, if required. 

RESULTS 

Preliminary experiments showed that none of the 
drugs, at the concentrations tested, had any effect 
on elastase itself. Lur-Antiprotease inhibits elastase, 
and a concentration sufficient to inhibit by approxi- 
mately 97% was used in these experiments. This 
concentration (1.0 mg/ml) is close to the reported 
human serum concentration of Lur-antiprotease in 
normal subjects (1.2-1.3 mg/ml [31]). None of the 
drugs tested affected the ability of ~~-antiprotease 
to inhibit elastase (data not shown). If cur-anti- 
protease is exposed to HOCl, its elastase-inhibitory 
capacity is lost (Table 1, first line). A concentration 
of 75 PM HOCl, within the range of concentrations 
likely to be produced adjacent to activated neu- 
trophils and to released myeloperoxidase ira vivo 
[S, 301, was used in these experiments. 

In agreement with the report of Pekoe et al. [24] 
that most anti-inflammatory drugs can react with 
HOCl, pre-incubation of the HOC1 with 1 mM con- 
centrations of most drugs for 5 min decreased inac- 
tivation of cui-antiprotease added subsequently, so 
that its elastase-inhibitory capacity was preserved 
(Table 1, column B). However, the protective effects 

were weak or absent in the cases of aspirin, 
naproxen, ibuprofen, ketoprofen and diflunisal 
(Table 1, column B). 

However, when HOC1 is generated in vivo, both 
cut-antiprotease and any drug ingested by the patient 
will be present simultaneously. Only if a drug can, 
at the concentrations present, combine more quickly 
with HOC1 than does cri-antiprotease will the elas- 
tase inhibitory capacity of this protein be preserved. 
Table 1 (column A) shows that the following drugs, 
tested at concentrations up to 1 mM, were not able 
to protect a,-antiprotease against inactivation by 
75 FM HOCl: paracetamol, aspirin, salicylate, 
mefenamic acid, flufenamic acid, diflunisal, 
naproxen, ibuprofen, ketoprofen, diclofenac sodium 
or chloroquine. However, five drugs were able to 
protect the err-antiprotease: indomethacin, pri- 
maquine, penicillamine, phenylbutazone and pirox- 
icam. Table 2 shows the concentration-dependence 
of these protective effects. The protections by indo- 
methacin and piroxicam were only seen at high 
(3400 PM) drug concentrations. Phenylbutazone 
and penicillamine were effective at concentrations 
comparable to those of the HOC1 present, suggesting 
that, even in the presence of Lul-antiprotease, they 
preferentially scavenge HOC1 on a 1: 1 molar basis. 
Primaquine was protective at concentrations 
>lOOpM. Table 2 shows that thiomalic acid, the 
thiol component of gold sodium thiomalate, could 
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Table 2. Effect of anti-inflammatory drugs on the inactivation of q-antiprotease by 
HOC1 

Drug present 

Concentration in reaction 
system 1 

(@f) 

Elastase activity 
% maximum 

rate 

None - 99 
Omit HOC1 - 2 
PhenyIbutazone 50 52 

100 9 
200 

Piroxicam 50 9; 
400 80 
800 38 

1000 38 
Indomethacin 200 98 

600 68 
800 56 

1000 51 
Primaquine 50 98 

loo 78 
200 48 
400 10 
600 3 

Penicillamine disulphide 50 92 
100 21 
200 13 
400 2 

Thiomahc acid 200 44 
800 21 

1000 0 

Experiments were carried out as described in the legend to Table 1 (column A), 
i.e. drug, buffer and cY,-antiprotease were present together when HOC1 was added. 
100% elastase activity was a hAdlo of 0.059fmin. 

also protect cur-antiprotease against inactivation by 
HOCI. 

DISCUSSION 

In agreement with the results of Pekoe ef al. [24], 
many of the drugs tested seemed able to react with 
HOC], in that pre-incubation of the drug with HOC1 
for 5 min before adding cwt-antiprotease decreases 
inactivation of &t-antiprotease added subsequently. 
However, when HOC1 is generated in uiuo by acti- 
vated neutrophils, or by myeloperoxidase released 
from neutrophils, both ~~-antiprotease and any drug 
administered will be present simultaneously. txl- 
Antiprotease is present in plasma at concentrations 
of 1.2-1.3 mg/ml [31], close to the concentration of 
1.0 mg/ml used in our experiments. A physiological 
concentration of HOC1 [303 was also used. However, 
most drugs, tested at concentrations up to 1 mM, 
were unable to protect n,-antiprotease against HOC1 
when all reagents were present simultaneously in the 
reaction mixture. Hence, although these drugs can 
react with WOCl, they probably do not do so quickly 
enough for this to be a contribution to their biological 
activity. An alternative possibility is that reaction of 
the drug with HOC1 produces a short-lived oxidant 
that can itself attack ~~-antiprotease [3]. However, 
this would not alter the conclusion that protection of 
al-antiprotease against attack by HOC1 does not 
contribute significantly to the action of these drugs. 

Of the drugs tested, six could offer protection to 

at-antiprotease, i.e. they could compete effectively 
with at-antiprotease for the HOC1 added. For pirox- 
icam and indomethacin, concentrations approaching 
1 mM were required, which suggests that the bio- 
logical relevance of these results is questionable. 
However, penicillamine was protective even at very 
low concentrations, which confirms the proposals of 
Cuperus et al. [21,22] that scavenging of HOC1 may 
contribute to the anti-inflammatory actions of peni- 
cillamine. Thiomalic acid was also very protective, 
which suggests that scavenging of HOC1 might con- 
tribute to the actions of gold sodium thiomalate. 
Phenylbut~one was protective at physiological con- 
centrations (50-100 ,uIvI). Indeed, the ability of leu- 
kocytes to chlorinate phenylbutazone, presumably 
by HOC1 attack, has recently been described [32]. 
Whether the protection shown by primaquine is bio- 
logically relevant remains to be established; although 
blood concentrations of antimalarials remain low 
during therapy, they are highly concentrated in tis- 
sues [20], including neutrophils [33], and may reach 
concentrations in neutrophils [33] at which scav- 
enging of HOC1 might become significant. This could 
protect the neutrophil from attack by its own HOC1 
[34] and preserve it in an activated state for a longer 
time. 
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