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To monitor free radical scavenging properties of drugs, the ‘stable’ radical 2,2,6,6-tetramethylpiperidino- I -  
oxyl (TEMPO) was used. The sydnonimine molsidomine (SIN-I) effectively reduced the ESR signal 
whereas the nitrate isosorbidemononitrate (ISMN) did not. Thiol reagents like 2-mercaptopropionylg- 
lycine (MPG) or glutathione (GSH) only were effective in the presence of Fez+ or Fe3+. Protein-bound iron 
in hemoglobin proved about four times more effective in reducing ESR signal height by thiols. It is 
suggested that the decrease in thiol content adds to the lack in protein bound iron of hemoglobin to induce 
the burst of free radicals in hypoxia (ischemia) and reperfusion. 

KEY WORDS: Free radicals, ESR signal reduction, molsidomine (SIN-I), isosorbidemononitrate 
(ISMN), 2-mercaptopropionylglycine (MPG), hemoglobin. 

1. INTRODUCTION 

In recent years, free radicals have become known to play a major role in hypoxic or 
ischemic diseases.’ A particular interest is centered on cardiac hypoxia. Tissue damage 
becomes apparent during oxygen reperfusion and closer analysis revealed that besides 
Ca2+ overload, oxygen radicals were also responsible for cellular breakdown. The 
calcium and oxygen paradox seems to constitute facets of the same problem.* 

Molecular oxygen has an unusual structure, in that it is a paramagnetic biradical 
containing two unpaired electrons with parallel spins. Oxygen radicals may be formed 
by uptake of 1 electron and further transformation into hydrogen peroxide may take 
place: 

e-  + 2 H +  
0 2 5  0: H202. 

The latter product can decompose into OH. radicals. These radicals may then cause 
membrane and cellular damage which results in permeability changes and exchange 
of calcium along the gradient from outside to inside. 

The pharmaceutical issue of some drugs is thus such that they should be able to 
scavenge free radicals in order to protect the tissue against the sequence of damaging 
effects due to hypoxic or ischemic lesion. 

Thus there is an obvious necessity to have a simple system to monitor the effective- 
ness of drugs in scavenging free radicals. Spin labels, introduced into biochemistry 
about 20 years ago, are free radicals, “stable” enough to become introduced into 
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diamagnetic species and yield signals from there. Stability, however is not absotute, 
so that we have introduced the label TEMPO as a simple means to measure the 
capacity of drugs to scavenge this organic radical. 

2. MATERIALS AND METHODS 

As a model substance for free radicals we used the stable radical 2,2,6,6-tetramethyl- 
piperidino-1-oxyl (TEMPO). Reactions were carried out in 0.5 M sodium phosphate 
buffer, pH 7.1 or at the indicated pH values (Fig. 1). Before use the buffer was passed 
through a chelex-100 column. Concentration of label was 100 pM, the concentrations 
of the investigated drugs were 100 mM. In this system, the final pH values were in the 
MPG series pH6.7, with GSH 6.9 and with the active metabolite of molsidomine, 
SIN-1 7.0 (Table I). Consecutive measurements of line heights were carried out on the 
first line (low magnetic field line) of the ESR spectra, at 5min intervals. 

In all measurements the reaction rate/min from the beginning of the reaction was 
determined. The electron spin resonance spectrometer was a Bruker B-ER 420. 

Substances were obtained from the following sources: 2-mercaptopropionylglycine 
(MPG) from Fresenius, Bad Homburg, SIN-1 from Cassella AG, Frankfurt, isosor- 
bidemononitrate (ISMN) from Mack, Illertissen, FRG, glutathione and human 
hemoglobin (reduced form) from Sigma, Deisenhofen, FRG. Chelex 100 was ob- 
tained from Biorad labs, Miinchen, FRG, all buffer substances were from Merck. 
TEMPO was obtained from Aldrich, Steinheim, FRG. Fe (II)Cl, x 4H,O, Fe 

A 6 

FIGURE I Reduction rate of TEMPO signal height by 100 rnMof/l MPG in the presence of Fez+ or Fe3+ 
at different pH values: A Fez+ 40pMolll; pH 6.  I B; pH 7.26 A; pH 8.0 0; B Fe3+ 40pMol/l; pH 6.1 B; 
pH 7.28 A; pH 8.0 0. 
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TABLE 1 
TEMPO signal height reduction by MPG or GSH in the presence of metal ions or hemoglobin, and by the 
drugs SIN-I and ISMN 

~ 

TEMPO reduction rate 
Substance of signal height 

Additional substance pmol/l pmol/min at 100mmol/l 

MPG 0 0 
MPG Fe2+ 20 0.81 
MPG Fez+ 40 1.785 
MPG Fe2+ 80 9.09 

MPG Fe3+ 20 0.735 
MPG Fe3 + 40 I .72 
MPG Fe3+ 80 6.0 

MPG Hb 5 0.97 
MPG Hb 10 2.22 
MPG Hb 20 1 1 . 1  

MPG co2+ 40 0.23 

GSH 0 0 
GSH Fe2+ 40 2.04 
GSH Hb 20 11.75 

SIN-I 0 1.75 

ISMN 0 0 

ISMN Hb 40 or 20 0 
Fe2+ or 

All values are means of at least 3 experiments Ca2+,  M$+, Mn2+, Cu2+,  Zn2+, Ni2+ are ineffective. 

(III)Cl, x 6H,O, MgCl, x 6H,O, MnCl, x 2H,O, CuCI, x 2H,O, ZnCl,, 
CoSo, x 7 H,O, NiCl, x 6 H,O and CaCl, x 2 H,O were from Merck, Darmstadt, 
FRG. 

3. RESULTS 

We used the TEMPO signal height reduction to monitor free radical scavenging 
properties of thiol compounds and different drugs. 

The SH-compounds, 2-mercaptopropionylglycine (MPG) and reduced glutathion 
(GSH), in the absence of metal ions showed no activity at all (Table I). Addition of 
Fe2+ or Fe3+ ions proved to be highly effective in a dose-dependent manner. Cobalt 
revealed little activity, whereas the other tested metal ions were all ineffective (Table 
I). The activity of Fe2+ seems to be somewhat higher than that of Fe3+. 

We have then tested whether also protein-bound iron, like that in hemoglobin, 
exerts an effect similar to that observed with FeC1, or FeC1,. Interestingly, the 
scavenging effect of either MPG or GSH, in the presence of hemoglobin, was, on a 
molar basis, about 4-fold compared to the metal ions. Activities of both tested thiol 
compounds MPG and GSH in the presence of hemoglobin and Fez+ were nearly 
identical. 

In contrast to the thiol compounds SIN- 1 was active without addition of metal ions. 
The activity is comparable to that of MPG in the presence of 40pmol/l iron. ISMN, 
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neither alone, in the presence of iron, nor of hemoglobin, had any free radical 
scavening properties. 

We also tested the influence of pH on the effectiveness of iron (Fig. 1). Under 
alkaline conditions the activities of both forms of iron induce a considerable signal 
decrease (0.57 and 0.39 pmol/min respectively). At pH 7.28 Fe3+ shows the maximal 
activity (2.3 pmol/min) whereas Fez+ was most effective at pH 6.1 (6.6 pmol/min). 

4. DISCUSSION 

The signal height reduction by TEMPO can be used to study the free radical scaveng- 
ing properties of different compounds. 

We showed that thiol compounds are only effective in the presence of metal ions, 
particularly, of iron, and to a much lower extent of cobalt confirming previous 
results. M 

Furthermore, other metal ions were found to be inactive. Moreover, we demon- 
strated that also protein-bound iron, like that in hemoglobin, exerts a drastic decrease 
of the TEMPO signal in the presence of thiol reagents. These findings led us to 
consider possible pathophysiological consequences. 

During hypoxia, overall protein-bound thiols of heart cells are decreased.6 Similar- 
ly, mitochondria1 membrane proteins become severely disarranged due to uncoupling 
or loose-~oupling.~** 

In addition, as a consequence of a decreased blood supply during ischemia or in an 
infarcted area a reduction of available hemoglobin content should be taken into 
account. The combination of these two events (decrease in thiol content, decrease of 
available hemoglobin) may then result in the deleterious burst of free radical content 
in the tissue. This possibility is underlined by our present investigations. 

These interrelations prompted us to study the effects of the antianginal drugs 
molsidomine and ISMN. The organic nitrate ISMN proved to be ineffective in our 
model system. By contrast, SIN- 1 the active metabolite of molsidomine, showed 
radical scavenging activity also in the absence of iron. Therefore, the latter compound 
should be useful under conditions where enhanced radical formation may be the cause 
of cell damage. 

Thiol compounds, like MPG, on the other hand, are potentially very efficient in 
restoring the reactivity of protein-bound SH-group~.'.'~ 
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