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Tissue inhibitors of metalloproteinases (TIMPs) pre- 
vent uncontrolled connective tissue destruction by 
limiting the activity of matrix metalloproteinases 
(MMPs). That TIMPs should be susceptible to oxida- 
tive inactivation is suggested by their complex tertiary 
structure which is dependent upon 6 disulphide 
bonds. We examined the oxidative inactivation of 
human recombinant TIMP-1 (hr TIMP-1) by HOCl and 
the inhibition of this process by anti-rheumatic agents. 

TIMP-1 was exposed to HOCl in the presence of a 
variety of disease modifying anti-rheumatic drugs. 
TIMP-1 activity was measured by its ability to inhibit 
BC1 collagenase activity as measured by a fluorimetric 
assay using the synthetic pEptide substrate (DNP-Pro- 
Leu-Ala-Leu-Trp-Ala-Arg), best cleaved by MMP-1. 

The neutrophil derived oxidant HOCl, but not the 
derived oxidant N-chlorotaurine, can inactivate TIMP-1 
at concentrations achieved at sites of inflammation. 
Anti-rheumatic drugs have the ability to protect 
hrTIMP-1 from inactivation by HOCl. For D-penicil- 
lamine, this effect occurs at plasma levels achieved 
with patients taking the drug but for other anti- 
rheumatic drugs tested this occurs at relatively high 
concentrations that are unlikely to be achieved in vivo, 
except possibly in a microenvironment. These results 
are in keeping with the concept that biologically 

derived oxidants can potentiate tissue damage by 
inactivating key but susceptible protein inhibitors such 
as TIMP-1 which form the major local defence against 
MMP induced tissue breakdown. 

Keywords: Tissue inhibitor of metalloproteinases (TIME'), 
oxidants, anti-rheumatic drugs and hypochlorous acid 

INTRODUCTION 

The matrix metalloproteinases (MMPs) are a fam- 
ily of proteolytic enzymes that are capable of 
degrading the macromolecules of the extracellu- 
lar matrix. They represent an important mecha- 
nism by which the turnover of structural proteins 
such as collagen is regulated.['] MMP-1 can cleave 
native collagen molecules and allow the resultant 
denatured collagen to be digested by a range of 
other enzymes including other MMPs. In this way 
MMP-1 regulates fibrillar collagen turnover.[291 

* Corresponding author. Tel.: (618)82224320. Fax: (618)82233870. 
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116 F. SHABANI et al. 

Tissue inhibitors of metalloproteinases (TIMPs) 
form a family of proteins and are the major local 
inhibitors of MMPs with activity against all 
known MMPs.~~] TIMPs regulate the activity of 
MMPs by tightly binding to the active site and 
forming inactive complexes with a 1 : 1 stoichiom- 
etry.L5] The balance between the activities of 
MMPs and TIMPs is a crucial factor in regulating 
extracellular matrix breakdown in vivo.161 Thus 
far, four members of the TIMP family have been 
identified, namly TIMP-1, TIMP-2, TIMP-3 & 
TIMP-4. TIMP-1 is a 30 KDa glycoprotein found 
in most body fluids. TIMP-2 is an unglycosylated 
21 KDa protein. These two proteins have 40% 
amino acid sequence homology. Average concen- 
trations of MMPs and TIMP fragments are signif- 
icantly elevated in the joint fluid of patients with 
osteoarthritis (OA) as compared with volunteers 
with healthy knees.[q Structural studies of TIMP-1 
suggest a highly conserved secondary structure. 
There are 12 cysteine residues which form six con- 
served disulfide bonds, giving a protein structure 
of six loops and two domains. TIMP activity is 
dependent upon this elaborate tertiary struc- 
ture.['] The high density of disulfide bonds and 
relatively complicated tertiary structure, which is 
a functional requirement, would suggest that this 
proteinase mhibitor is susceptible to 

HOCl is a major product of the oxidative burst 
of neutrophil~.[~] There is accumulation of poly- 
morphonuclear leukocytes (PMN) in the synovial 
fluid of patients with rheumatoid arthritis (RA) 
which, after stimulation, may release inflamma- 
tory mediators.["] The oxidative burst of neu- 
trophils generates superoxide anion (0;-), which 
is rapidly dismutated to form hydrogen peroxide 
(H202). The neutrophil enzyme, myeloperoxi- 
dase, catalyzes the reaction of H202 with chloride 
ions to form the highly reactive and cytotoxic 
agent hypochlorous acid (HOCl).[711 In aqueous 
solution HOCl exists in essentially equal concen- 
tration as the conjugate base hypochlorite (OC-) 
and together form a powerful biologically rele- 
vant oxidizing agent capable of causing damage 
to proteins.[''] 

HOCl will react with amino acids such as tau- 
rine to generate a derivative group of oxidants 
known as the ~hlorarnines.['~~ Generally, chlo- 
ramines are less powerful oxidants than HOCl 
itse1f.m Taurine, whose biological role remains 
unclear, is found at concentrations approaching 
20 mM in neutrophils and macro phage^.['^^ N- 
Chlorotaurine has been reported to be essentially 
unreactive with major cellular components. It has 
been suggested that taurine may act as a "sink" 
for the oxidizing potential of HOCI/OCl-, gener- 
ating a chlorinated species of lower reactivity 
and thereby minimizing indiscriminate dam- 
age.[14] Since taurine is the most abundant 
endogenous amine in the pericellular environ- 
ment of the neutrophil,[14] we have used N- 
chlorotaurine as an example of chloramines in 
our model. In many cases oxidation appears to 
result in a partial unfolding or rearrangement of 
target proteins.[l5J61 

Previous reports have shown that latent neu- 
trophil collagenase (MMP-8) can be activated 
by neutrophil derived oxidants, principally 
HOCl.[9,1',12] This has highlighted the way that 
oxidant generation and enzymatic mechanisms 
can interact to lead to tissue breakdown. Direct 
oxidative inactivation of enzyme inhibitors is a 
more direct mechanism of interaction between 
oxidant generation and the equilibrium be- 
tween proteases and their inhibitors. The most 
well known instance, where this occurs, is the 
oxidative inactivation of plasma proteinase 
inhibitors, such as al-proteinase inhibitor (al- 
PI), where oxidation of the methionine at the 
active site of al-PI results in loss of affinity of 
this inhibitor for its target enzyme.[17] In 
another study by Frears et al. the inactivation of 
TIMP-1 by peroxynitrite (ONOO-) has been 
demonstrated.['*] We have reasoned that since 
hrTIMP-1 has an elaborate 6 loop structure, 
each loop maintained by interchain disulfide 
bonds, that oxidative cleavage of these disul- 
fide bonds would result in major structural dis- 
integration and consequent loss of affinity for 
matrix metalloproteinases. 
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ANTI-RHEUMATIC DRUGS AND TIMP-1 LNACTIVATION 117 

Thiol-containing antirheumatic drugs, such as 
D-penicillamine, sodium aurothiomalate, and 
aurothioglucose, are widely used in treatment of 
RA.[”] Some studies have investigated the effects 
of antirheumatic drugs, including thiol-containing 
drugs, on the oxidative activity of myeloperoxi- 
dase.[20,211 It has been shown that D-penicillamine 
effectively scavenges HOCl formed by myeloper- 
oxidase and inhibits the enzyme itself.[’7] 

In this study, we have examined the possibility 
that neutrophil derived oxidants may inactivate 
hrTIMP-1 and thus allow MMPs to be unfettered 
in areas of HOCl generation, as for example the 
pericellular environment of the activated neu- 
trophil. We have also examined the hypothesis 
that anti-rheumatic drugs, particularly those 
shown to act as anti-oxidants, may protect 
hrTIMP-1 from oxidative inactivation.[”l 

MATERIALS AND METHODS 

Materials 

D-Penicillamine, gold sodium thoglucose (auro- 
thioglucose), chloroquine, taurine and Tris (hydro- 
xymethyl aminomethane) [Tris], were purchased 
from the Sigma Chemical Company, St. Louis, 
MO., USA. Gold sodium thiomalate (aurothio- 
malate) was from Aldrich, U.K. Reagent grade che- 
micals were purchased from BDH Chemicals 
Australia Pty. Ltd., Kilsyth, Victoria, Australia. 
Media were from Cytosystems Pty Ltd, Castle Hill, 
NSW, Australia. Auranofin was from Smith, Klein 
and French (Pty Ltd). Methotrexate was from 
David Bull Laboratories, Melbourne, Australia. 
Aurothiomalate and aurothoglucose were stored 
desiccated as powder at -20°C. D-penicillamhe, 
methotrexate, chloroquine and auranofin were 
stored desiccated at 4°C. 

Human recombinant TIMI’-1 (hrTMP-1) was a 
gift from Dr. A. Docherty (Celltech Research 
Slough, Berkshire, U.K). m e  rat mammary carci- 
noma cell line BC-1 was a gift from Dr. J. OGrady, 
University of Technology, Sydney, A~st ra l ia .1~~~ 

N-chlorotaurine was made by the addition of a 
solution of NaOCl to taurine buffer (50 mM 
Taurine, 10 mM CaC12, 100 mM NaC1, pH 7.5) 
according to the method of Weiss et a1.[l2I 

BC-1 Collagenase 

Serum-free medium (HAMS F-12.10.65g/2L, 
DMEM 18.42g/2L, NaHC03 2g/2L, Pen/Strep 
5U/ml, insulin 5pg/ml, transferrin lmg/ml, 
L-glutamine 0.292mg/ml, BSA 5mg/ml), was 
conditioned by BC-1 cells to produce MMP-1 
(serum-free-BC-1). These cells have the ability to 
produce large quantities of matrix metallopro- 
teinases, particularly MMP-1. The enzyme, BC-1 
collagenase was purified by passing the condi- 
tioned media through Heparin-Sepharose affin- 
ity column, and was eluted from the column 
using an eluting buffer consisting of Tris-C1 
50 mM, NaCl 800 mM, CaC1, 10 mM, 0.2% 
NaN3.[231 Column eluates were assayed for pro- 
tein by using serial concentrations of the bovine 
serum albumin (BSA) as standard curve and 
measuring the absorbance at 280 nm. 

Activation of BC-1 Collagenase 

Enzyme BC-1 collagenase was incubated at 35°C 
for 15 mins with trypsin at a final concentration 
of 2.5 pg/ml in the assay buffer (Tris 50 mM, 
NaCl 100 mM, CaC12 10 mM, NaN3 0.02%, 
pH 7.5). The reaction was terminated using 
12.5 pg/ml SBTI. A time course for this assay of 
collagenase activity showed that the maximum 
activity was achieved between 5-15 mins incuba- 
tion of the collagenase with trypsin. 

Fluorimetric Assay of Collagenase Activity 

This assay was performed according to the 
method of Netzel-Arnett et ~ 1 . ‘ ~ ~ ~  The assay relies 
on cleavage of the substrate, DNP-Pro-Leu-Ala- 
Leu-Trp-Ala-Arg at the Ala-Leu bond, thus 
releasing Trp fluorescence from quenching by 
the DNP group at the N-terminal region of the 
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hepta-peptide substrate. The substrate used, is 
best cleaved by MMP-1. The heptapeptide sub- 
strate was synthesized using the solid phase 
method with Na-Fmoc-a&oacids. The synthetic 
peptide was coupled with dinitrofluorobenzene 
prior to cleavage from the resin. It was purified by 
HPLC using a Waters C18 Novapak column and 
subsequently recovered by lyophilization. The 
hepta-peptide was solubilized in 4% DMSO. 

Samples, after dialysis against the appropriate 
buffer, were activated and then equilibrated at 
35°C for 30 seconds in a 5 nun path length quartz 
cuvette (Starna type 3-5) and the assay started 
with the addition of the heptapeptide substrate 
to give a final concentration of 12 pM. The reac- 
tion was monitored over time at 35°C in a Perkin- 
Elmer LS-5 fluorimeter (excitation 1 = 280 run, slit 
width: 10 nm; emission 1 = 360 nm, slit width: 
10 nm). Collagenolytic activity was calculated 
from the initial linear slope of the curve being 
expressed as the rate of increase in fluorescence 
at 360 nm per second. 

Collagenase Inhibition Assay 

The inhibitory capacity of hrTIMP-1 was deter- 
mined using the same spectrophotometric assay 
as above. In this assay, trypsin activated enzyme 
was used as the indicator of the hrTIMP-1 
inhibitory activity. To establish the dose curve 
with hrTIMP-1, different concentrations of the 
hrTIMp-1 between 1 to 50 nM was applied to the 
active enzyme to make the inactive complex in 
30 seconds. Synthetic peptide, 12 pM, was then 
added to show the YO inhibition of the enzyme 
with the inhibitor. Initially concentrations of 
HOCl between 0.1 and 200 pM were incubated 
with hrTIMP-1 at 35°C for 1 hour. A time course 
for this inhibitory assay showed that maximum 
inhibition was achieved after 30-60 mins pre- 
incubation of TIMP-1 with HOC1. Subsequently 
reactants were added to the cuvette in the follow- 
ing sequence: assay buffer, oxidant-exposed 
hrTIMP-1, enzyme (BC1 collagenase), substrate 
(synthetic peptide). 

Results were expressed as change in fluores- 
cent intensity per unit time. For experimental 
samples this was expressed as a percent of con- 
trol, which was the reaction of activated BC1 col- 
lagenase and substrate alone. 

Drugs 

For experiments involving anti-rheumatic agents, 
hrTIMP-1 was pre-treated with a range of anti- 
rheumatic drugs prior to the addition of HOC1. 
The sequence of addition was as follows: assay 
buffer, drug, hrTIMP-1, oxidant, BC1 collagenase, 
substrate. Fresh solutions of drugs were prepared 
on a daily basis. 

Statistical Analysis 

Each experiment was repeated three times. All 
results were expressed as the mean f standard 
error of the mean (SEM). 

RESULTS 

Inhibition of BC-1 Collagenase by 
Human Recombinant TIMP-1 

BC-1 collagenase was activated by trypsin and 
the reaction was stopped using SBTI. This acti- 
vated enzyme was used as the control in the fol- 
lowing fluorimetric assays. As shown in Figure 1, 
hrTIMP-1 was able to inactivzte BC-1 collagenase 
that had been activated by pre-exposure to 
trypsin. The inhibition was investigated for a 
maximum hrTIMP-1 concentration of 35 nM, at 
which the BC1 collagenase activity was reduced 
to 10% of the control. There was a sigmoidal rela- 
tionship between the concentration of inhibitor 
and enzyme activity. 

Oxidative Inactivation of TIMP-1 

We examined the loss of activity of hrTIMP-1 to 
inhibit BC1 collagenase, after pre-exposure to 
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0 5 10 15 20 25 30 35 40 

TIMP-1 concentration (nM) 

FIGURE 1 Inhibition of trypsin activated BC1 collagenase by 
"IMP-1. Serial concentrations of TIMP-1 applied to the active 
collagenase at 37°C. A synthetic peptide was used as the 
substrate to determine the level of the BC1-collagenase activity. 
100% control collagenase activity was the level of BC1- 
collagenase activity when this enzyme was not treated with any 
concentration of TIMP-1. 50% inhibition of the BC1- 
collagenase activity was achieved using 7 nM "IMP-1. Values 
represent mean +SEM for three separate experiments expressed 
as % control collagenase activity. Where SEM is not shown, it is 
less than or equal to the size of the markers. 

HOC1. TIMP-1 was diluted in PBS to give the final 
concentration of 1.1 pM. Figure 2A shows the 
inactivation of TIMP-1 after pre-exposure to 
HOCl between concentrations of 100-200 pM. 
100% control TIMP-1 activity is when no HOCl 
was applied. 50% inactivation was achieved using 
175 pM HOC1, while 200 pM HOCl caused com- 
plete inactivation of the inhibitor. This represents 
an oxidant to inhibitor molar ratio of 200 : 1. In 
order to show that this was not due to a direct 
effect of HOCl on BC1 collagenase, HOCl was 
exposed to BC1 collagenase at the final concentra- 
tion achieved in this experiment (ie. 200 pM) and 
no change in collagenase activity was observed 
(data not shown). When N-chlorotaurine (NCT) 
was used as an oxidant in concentrations of NCT 
between (0.1-10 mM) no inactivation of hrTIMP-1 
was seen. 

A time course of TIMP-1 oxidative inactiva- 
tion is shown in Figure 2B. TIMP-1 was incu- 
bated with HOCl (200 pM) at 37°C for the 
indicated time points. TIMP-1 oxidative inacti- 
vation started after 15 minutes incubation with 
HOCl reaching to a maximum after 60 minutes. 

Effects of Anti-rheumatic Drugs 
on BC1 Collagenase Activity 

Figure 3 shows the direct effect of several anti- 
rheumatic agents on BC1 collagenase activity. 
Auranofin has no inhibitory effect up to a con- 
centration of 500 pM, whereas chloroquine, 
aurothiomalate and aurothioglucose give mod- 
erate inhibition at 500 pM but not 100 ELM. 
Methotrexate and D-penicillamine have signifi- 
cant effects at 100 pM. Subsequent experiments 
to examine oxidative inactivation of TIMP-1 
were therefore designed such that BC1 collage- 
nase used in the collagenase inhibition assay was 
not exposed to concentrations of each drug 
greater than 30 pM, where there is no significant 
effect of the drug on BCl collagenase activity. 

Effects of Anti-rheumatic Drugs on the 
Oxidative Inactivation of the TIMP-1 

Figure 4 shows the results of experiments where 
hrTIMP-1 is pre-incubated with a variety of anti- 
rheumatic drugs prior to HOCl treatment. At 0% 
TIMP-1 loses its ability to inhibit collagenase 
when treated with HOCl (200 pM). At 100% 
TIMP-1 activity, no oxidative inactivation of 
TIMP-1 is evident as the result of TIMP-1 pre- 
treatment with some drugs. The first stage of this 
experiment involves exposure of TIMP-1 to oxi- 
dant in the presence of drug to determine 
whether the drug can protect TIMP-1 from 
oxidative inactivation. In the second stage of the 
experiment! TIMP-1, in combination with the 
drug and HOC1, is exposed to BC1 collagenase to 
determine TIMP-1 activity. At this stage, because 
the samples are diluted, BC1 collagenase is not 
exposured to drug concentrations over 30 pM. 
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FIGURE 2 Oxidative inactivation of human recombinant TIMp-1 by HOCI. Figure 2A shows, TLMP-1 inactivation with HOCl but 
not NCT is regulated in a dose dependent manner. TIME-1 was incubated with increasing concentrations of HOCl(lO0-200 pM) or 
NCT (10Cb500 pM) at 37°C for 1 hour. 100% control TIMI-1 inhibitory activity was the level of TIMP-1 activity when this inhibitor 
was not incubated with any oxidant. 175 pM HOCl caused 50% inactivation of TIMP-1, whereas no inactivation of TIM€-1 was 
achieved using NCT up to 500 kM. Using HOCl 200 pM completely abolished the inhibitory activity of TIMP-1. Values represent 
means+SEM for three separate experiments expressed as % control Tuzp-1 inhibitory activity. TIM€-1 oxidative inactivation was 
also time dependently regulated. TIMP-1 was incubated with HOCl (200 pM) at 37°C for the indicated time points. According to 
figure 2B, the oxidative inactivation of TUIP-1 was started after 15 minutes. Maximum activation was acheived after 60 minutes 
incubation. Values represent means SEM for three separate experiments expressed as % control TIMP-1 oxidative inactivation. 

I I I I 

0 10 I00 500 

Drug concentration (pM) 

FIGURE 3 Direct effect of several anti-rheumatic agents on BC1-collagenase activity. Trypsin-activated BC1-collagenase was 
incubated with serial concentrations of different anti-rheumatic drugs including Aurothioglucose (1Cb500 pM), Aurothiomalate 
(10-500 pM), Auranofin (10-500 $A), Chloroquine (10-500 pM), D-penicillamine (10-500 pM), and Methotrexate (10-500 pM) for 
1 hour at 35°C. 100% control collagenase activity indicates the level of BC1-collagenase activity, when this enzyme was not treated 
with any drug. Values represent means+SEM for three separate experiments expressed as % control collagenase activity. 
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D-penicillamine 

Auranofii 

Chloroquine 

Aurothiomalate 

Methotrexare 

Aurothioglucose 

-25 

0 10 100 500 

Drug concentration (pM) 

FIGURE 4 Activity of hrTIMP-1 in the prescence of drugs and oxidant. Human recombinant "IMP-1 was preheated with a variety 
of anti-rheumatic drugs followed by exposing to HOCl for 1 hour at 35°C. At 0% control TIMP-1 activity, where this inhibitor was not 
pretreated with drugs, the hrTIMP-1 inhibitory effect against collagenase was completely suppressed by HOC1. Whereas, at 100% 
control TIMP-1 activity, the oxidative inactivation of hrTIMP-1 was completely abolished by anti-rheumatic drugs. Values represent 
mcansk SEM for three separate experiments expressed as % control TIMP-1 activity. 

D-penicillamine shows the greatest ability to 
protect hrTIMP-1 from oxidative inactivation by 
HOCl, this effect being evident at a concentration 
of 10 pM. Of the other drugs tested, auranofin, 
chloroquine and aurothiomalate had the ability 
to protect TIMP-1 from oxidative inactivation at a 
concentration of 100 pM. All drugs were partially 
effective at the 500 pM concentration, although 
this is about 20 fold higher than the serum levels 
acheived during treatment with these agents. 

DISCUSSION 

In the present study we have shown that HOCl 
can directly inactivate TIMP-1 in vitro. TIMP-1 
was shown to inhibit the cleavage of a synthetic 
peptide by an active mammalian MMP(BC1 col- 
lagenase). TIMP-1 loses this ability after being 
pretreated by HOCl. Since HOCl is a product of 
activated neutrophils, this suggests that neu- 
trophils, which infiltrate inflammatory sites, may 
contribute to TIMP-1 inactivation. Quantitative 

analyses have demonstrated that lo6 maximally 
triggered neutrophils produce approximately 
2 x mol of HOCl during a two-hour incuba- 
tion.[2sl The quantity of oxidants generated by the 
neutrophil are impressive. 

The dependence of the inhibitory activity of 
TIMP-1 on this 6-loop structure is underlined by 
its inactivation by reducing and alkylating agents 
such as dithiothreitol and indoacetamide.[261 
Another agent, known to modify the stability of 
the inhibitor by altering its tertiary structure is 
guanidine hydrochloride (GdnHCl), resulting in 
structural disintegration of TIMP-l.r271 The struc- 
ture of TIMP-1 has also been modified using 
diethylpyrocarbonate (DEPC), which is a potent 
inactivator of human TIMP-1. Exposure to DEPC 
specifically modifies histidine residues, resulting 
in loss of human TIMP-1 

We demonstrated that pre-exposure of hrTIMP- 
1 to HOCl resulted in loss of its capacity to inhibit 
activated collagenase. Our results are in agree- 
ment with the work already has been done by 
Stricklin and Hoidal, indicating TIMP degradation 
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with hypochlorite ion.[29] HOCl released from 
neutrophils rapidly reacts with readily available 
amines and is thus unable to diffuse away from 
the immediate pericellular environment of the 
neutrophil. The most abundant amine in the peri- 
cellular environment of the neutrophil is taurine, 
thus most HOCl is converted to NCT.[9,11-'31 We 
have shown that NCT does not inactivate 
hrTIMP-1. Thus, oxidative inactivation of 
hrTIMP-1 is likely to occur only in the pericellu- 
lar environment of the neutrophil, or in a cellular 
micro environment, where HOCl is found. 

We have also shown that a spectrum of anti- 
rheumatic agents has the ability, at sufficient con- 
centrations, to prevent the oxidative inactivation 
of TIMP-1. In several this occurs at concentrations 
above serum concentration, however this effect 
may be relevant in an extracellular microenviron- 
ment. For D-penicillamine it is evident at concen- 
trations approaching those reported in patients 
taking this agent 20 p,g/ml (100 pM).130,311 With 
the other agents studied however, suppression of 
HOCl induced inactivation of hrTIMP-1 occurs at 
concentrations significantly higher than plasma 
concentrations in patients. However, this in itself 
does not dismiss a potential therapeutic effect 
since selective cellular uptake of drugs may result 
in intracellular concentrations higher than plasma 
levels. For example, in vivo uptake of gold occurs 
over days or weeks)32331 and the final distribution 
of gold in cells may be very different from simple 
serum levels. In a study by Wasil and his group, 
where HOCl inactivated alpha 1-antiprotease, 
most anti-inflammatory drugs were capable of 
reacting with HOC1. They have also suggested 
that, the anti-inflammatory effects of D-penicil- 
lamine and gold sodium thiomalate might be the 
result of rapid scavenging of HOCl by these 

The inactivation of protease inhibitors by oxi- 
dants leading to enhanced proteolytic activity 
has been suggested as a model for neutrophil 
mediated matrix degradation.['] Our study 
enhances this model by demonstrating that it 
may also apply to TIMP-1. Furthermore we 

showed that therapeutic agents may interfere 
with this balance between oxidants and enzyme 
inhibitors. 
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