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(ABSTRACT) 

Class | antiarrhythmic drugs, such as lidocaine, quinidine and procainamide, 

are known to be effective membrane stabilizers. However, the mechanism of 

such "membrane stabilization" has not been elucidated. In the present study we 

found that all three drugs are powerful scavengers of hydroxyl! radical. In 

addition, lidocaine was found to be a quencher of singlet oxygen. These drugs 

are also found to inhibit NADPH-dependent lipid peroxidation in bovine lung 

microsomes in a dose dependent manner. Since oxyradicals are implicated in 

the lipid peroxidation process and antiarrhythmic drugs were found to 

scavenge/quench reactive oxygen species, we proposed that the membrane 

Stabilizing effects of antiarrhythmic drugs may, in part, be due to their 

antioxidant properties. 

Ischemia-reperfusion injury has been studied in many organs. Despite 

the evidence of functional, metabolic and structural abnormalities during 

reperfusion, the precise mechanism of reperfusion lung injury remains obscure. 

Data from the organ models suggest that toxic oxygen metabolites play an 

important role in the mechanism of reperfusion tissue injury. Lidocaine has also 
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been shown to be clinically valuable for the treatment and prevention of 

ventricular arrhythmia occurring after surgical correction of myocardial 

infraction. We found that the class | antiarrhythmic drugs are effective in 

ameliorating post-ischemic lung reperfusion injury in an ex vivo perfused rat 

lung model exposed to both normoxic and hyperoxic conditions. 

Since phagocytes are known to generate reactive oxygen species and 

play an important role in causing irreversible oxidative tissue injury during 

reperfusion of organs, we examined the role of antiarrhythmic agents on 

macrophage function. We found that these drugs inhibit superoxide and 

hydrogen peroxide production in stimulated macrophages in a dose dependent 

manner. The diminished production of superoxide was found to be not due to 

the inactivation of superoxide generating NADPH-oxidase enzyme but by 

inhibition of the phagocytosis process by these drugs 

The results of these studies indicate that the antiarrhythmic drugs, such 

as, lidocaine, quinidine and procainamide, are effective antioxidants and can 

protect biomembranes against lipid peroxidation injury and post-ischemic 

reperfusion injury of the lung. We have investigated the mechanism(s) of action 

of these drugs in ameliorating oxidative tissue injury and found that these drugs 

are not only effective in removing reactive oxygen species but also cause 

inactivation of pulmonary macrophage from inappropriately generating 

reactive species of oxygen. The fundamental knowledge derived from these 

Studies could lead to enhanced functional improvement of patients following 

cardiopulmonary bypass, pulmonary arterial embolectomy and acute 

respiratory distress syndrome, all of which undergo a period of elective/induced 

ischemia and reperfusion or oxidative stress. 
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Introduction 

Class | antiarrhythmic agents ( lidocaine, quinidine and procainamide) are 

widely used drugs with significant stabilizing activity on lipid biomembranes 

(Stelzner et al., 1987). These drugs have been suggested as a means of 

reducing ischemic myocardial damage. Prolonged ischemia such as that 

following myocardial infarction, pulmonary embolism and conditions occurring 

during long-term coronary bypass procedures cause serious damage to these 

tissues. The cytoprotective effects of lidocaine, quinidine and procainamide in 

myocardial ischemia have been attributed to membrane stabilizing properties of 

these drugs. However, the mechanism of such "membrane stabilization” has 

not yet been elucidated. 

Reoxygenation of ischemic tissue results in extensive tissue damage and 

this phenomenon has been called reperfusion injury or reperfusion paradox or 

post-ischemic tissue injury. The biochemical mechanism that underlies the 

post-ischemic tissue injury involves production of superoxide radical in the 

reperfused tissue. According to McCord’s (McCord, 1985) hypothesis, 

prolonged ischemia results in the loss of high energy phosphate compounds 

manifested by a decrease in the cellular ATP levels. As the cell's energy 

charge drops, it is no longer able to maintain a proper ion gradient across its 

membrane and this precipitates a redistribution of calcium ions. Concomitantly, 

the depletion of the cell ATP results in an elevated concentration of AMP. The 

AMP is catabolized to adenosine, inosine, and then hypoxanthine. The 

elevated cytosolic calcium concentration, is believed to activate a protease 

capable of converting xanthine dehydrogenase to xanthine oxidase.



Hypoxanthine as well as xanthine accumulates in the cells during ischemia and 

are used as substrates for xanthine oxidase. Hence during ischemia two 

important changes occur in the tissue: a new enzyme activity appears, along 

with one of its two substrates. Xanthine oxidase uses Oo as a second substrate 

to yield both O2- and H2O2. With reoxygenation, Oo is introduced and there is 

a burst of O2- production in the reperfused tissue with subsequent H2O2 

production ( Grisham and McCord, 1986). In the presence of iron, Oo and 

H2O2 can participate in an iron catalyzed Fenton reaction to produce hydroxy! 

radical. (Cohen, 1977): 

Oo-: + Fest-------------------- > Oo + Fe2@+ 

Fee+ + HoQo------------------ > Fe3+ + -OH + OH- 

Hydroxyl radicals are potent oxidants that cause tissue injury by initiating lipid 

peroxidation in cell membranes. Lipid peroxidation mediated by hydroxy! 

radicals has been suggested as a possible mechanism of pulmonary injury 

(Freeman et al., 1985, Jurman et al., 1990, and Martin et al., 1986). The 

activated species of oxygen (O2°-, H2Oe2, OH) also increase pulmonary arterial 

pressure (McMurtry et al., 1985, Tate et al., 1982) and increase vascular 

permeability that results in the formation of a protein rich intra-alveolar edema 

(Barnard et al., 1989 and Tate et al., 1982). If these toxic species of oxygen are 

not properly neutralized by endogenous antioxidants, they can interact with cell 

membranes to generate lipid peroxide, lipid hydroperoxide, lipid endoperoxide 

and arachidonic acid metabolites (Bertrand, 1985). The generation of short 

lived free radicals like superoxide anions, hydroxyl radicals and carbon



centered radicals, have been observed during myocardial ischemia and in post- 

ischemic reperfused myocardium (Bertrand, 1985 and Burghuber, et al., 1984). 

Lipid peroxidation provokes damage to cellular membranes (Casey et al., 

1980). It has been demonstrated that during myocardial ischemia, and 

especially after reoxygenation of the heart, the concentration of lipid peroxides 

in the tissues increases (Gauduel and Duvelleray, 1984., Meerson et al., 1982., 

Rao and Mueller, 1983., Shlafer et al., 1982). Lipid peroxidation mediated by 

hydroxyl radicals has also been suggested as a possible mechanism of 

pulmonary injury (Mattin et al., 1986., Kennedy et al., 1989., Freeman et al., 

1986). 

Since lipid peroxidation can be initiated by reactive species of 

oxygen which are produced during reperfusion of ischemic tissue, we 

developed the hypothesis that antiarrhythmic agents might be exerting their 

beneficial effects, in part, by a free radical scavenging mechanism. 

The specific aims of this investigation were: (1) to evaluate the role of 

antiarrhythmic drugs on oxidative tissue injury and (2) to evaluate their 

mechanism of action. 

It has been shown that free radicals of oxygen are produced in post- 

ischemic tissues and they are implicated as the mediator of tissue damage 

during reperfusion of different ischemic organs, such as brain, heart, intestine 

and kidney. The mechanism of reperfusion injury in lungs has not been clearly 

understood. We investigated the effects of these drugs (1) on lipid peroxidation 

of biomembranes isolated from bovine lungs, (2) on reperfusion injury of rat 

lungs in an ex vivo perfused model and (3) on macrophage function. We find 

that these drugs (1) effectively scavenge hydroxyl radicals, (2) inhibit lipid



peroxidation of biomembranes, (3) protect lungs against post-ischemic 

reperfusion injury, and (4) inhibit macrophage function. These findings have 

obvious clinical implications in managing the lung and other tissues undergoing 

period of ischemia or hyperoxia.



CHAPTER-I 

A review of literature 

A. ANTIARRHYTHMICS 

Antiarrhythmic drugs are remedies used to suppress dysrhythmic cardiac 

activity regardless of their mode of action (Hartenstein and Wagner, 1986). 

According to Vaughan Williams these drugs have been classified into four sub- 

classes. Class | include the membrane stabilizers, class Il includes the B- 

blockers, drugs in class Ill lengthen the cardiac action potential and refractory 

period and class IV includes calcium blockers (Vaughan William's, 1975). 

Class | antiarrhythmic drugs are characterized further by the fact that they 

posses local anesthetic actions and depress myocardial contractile force. 

These include lidocaine, quinidine and procainamide. 

Lidocaine: 

Lidocaine was first synthesized by Lofgren for use as a local anesthetic 

agent in 1943 (Wielding, 1964) and it is still extensively used for that purpose 

today. It was first used as an antiarrhythmic agent in 1950 by Southworth et 

al.(Southworth et al., 1950) for the treatment of arrhythmias occurring during 

cardiac catheterization. This drug is believed to be an effective and safe drug 

for termination of ventricular arrhythmias.



Chemical structure and properties: | 

Lidocaine consists of a lipophilic aromatic resid 

connected through an amide link to diethylglycine, which 

ue (2, 6 Xylidide) 

is the hydrophobic 

group containing the active tertiary nitrogen (Fig. 1). The non-ester amide link 

provides stability by preventing hydrolysis by esterases (Hullanger, 1960). 

Lidocaine is a weak base (pKa = 8.7), and it is marketed in the form of its water 

soluble salt, lidocaine hydrochloride, which is an acid form of the drug. At pH 

7.4, less than 20 percent of lidocaine is believed to be in the form of the free 

base and it is this nonpolar form that penetrates vascular membrane. 

CH; 

N— 

O H H 

I | + 
C—C—N 

| 
H C.Hs 

MEGX 

(Monoethylglycylxylidide) 

CH 
7 0 #H CH, 

I | + 
N—C—C—N i 

H | oN H 
H GH; 

CH; CH; 

Lidocaine 

I | 
N—C—C—N 
H y Na 

CH; 

GX (Glycyixylidide) 

Fig. 1. Lidocaine and its met abolites.



Pharmacokinetics: 

More than 70% of orally administered lidocaine is metabolized by the 

liver before reaching the systemic circulation. Dizziness, nausea, and vomiting 

may occur in humans after oral lidocaine administration, probably due to the 

results of high circulating plasma concentrations of the mono-N-deethylated 

and the di-N-deethylated metabolites of lidocaine, i.e., monoethylglycine 

xylidide and glycine xylidide, respectively (Fig. 1). Lidocaine is more rapidly 

absorbed after intramuscular injection into the deltoid muscle (absorption half 

life 11.7 min.), than into the vastus lateralis and gluteus maximus (absorption 

half life 25.7 min; Lucchesi and Patterson, 1984). 

Metabolism and excretion: 

The drug is degraded in the liver by deamination and deethylation, and 

kidney excretes less than 10 % of the drug unaltered. The first product 

monoethylglycine xylidide, is formed by N-deethylation of lidocaine and has 

similar convulsant activity. Monoethylglycine xylididie has a plasma half life of 

120 min. and is eliminated from plasma primarily by a second N-deethylation to 

form glycine xylidide, the second major metabolite of lidocaine. Glycine xylidide 

possess both antiarrhythmic and convulsant activity, although it is only 10 to 

20% as potent as lidocaine. Glycine xylidide is both metabolized and excreted 

by the kidney. It has a plasma half life of 10 hours.



Doses: 

Lidocaine is usually administered intravenously for the treatment of 

ventricular arrhythmia. In humans after a single intravenous bolus injection, the 

drug disappears rapidly from the plasma because of redistribution of drug to 

other tissues. Because of these pharmacokinetic properties, lidocaine is 

administered as an intravenous bolus followed by a constant intravenous 

infusion. Injection of 300 to 400 mg/kg gives persistent therapeutic levels 

lasting for 2 hours (Lucchesi and Patterson, 1984). 

Quinidine: 

Quinidine has been in active clinical use since 1918 (Frey, 1918). For 

centuries the quinidine alkaloids from the bark of Cinchona officinalis have 

been used for treatment of malaria. Clinical investigation shows that of the 

three major alkaloids present in the bark of the Cinchona tree (quinine, 

quinidine, and cinchona), quinidine is the most effective antiarrhythmic agent 

(Hartenstein and Wagner, 1986). The efficacy and long history of quinidine use 

in the treatment of disorders of the cardiac rhythm led to the establishment of 

quinidine as the prototype antiarrhythmic agent. 

Structure and chemical properties: 

The chemical structure of quinidine consists of a substituted quinoline 

ring connected through an alcohol bridge to a quinuclidine ring containing the 

Critically active tertiary nitrogen (Fig. 2). The quinoline ring’s strong affinity with 

proteins, contributes to its slow release from tissue protein sites and it's longer



half life. Quinidine, with its two ionizable ring structures has two dissociation 

constants (pKa = 4.0 and 8.6). Quinidine may be considered as a weak base, 

and its net dissociation constant (pKa) is 8.0. This means that in body fluids 

(pH 7.4) quinidine exists primarily in the ionized form. Quinidine has the same 

chemical structure as quinine, and these two compounds are optical isomers 

with opposite stearic configuration at the alcohol bridge (Moss and Paiton, 

  

  

1973). 

HOCH CH——N CH2 
| 

CH,0 S CH 

NZ CHS 

H.Cc——CH—CHCH==CH, 

Fig. 2. Chemical structure of Quinidine 

Pharmacokinetics: 

Quinidine is almost completely absorbed from gastrointestinal tract after 

oral administration. Peak plasma levels absorbed after intramuscular injection 

are greater than those absorbed after oral administration.



Metabolism and excretion: 

Quinidine is extensively metabolized in the body, primarily by the liver. 

Major metabolites include 3-hydroxyquinidine and quinidine-N-oxide. Minor 

metabolites include 2'-oxyquinidine and o-desmethylquinidine. The 3' hydroxy 

metabolites of quinidine possess antiarrhythmic activity. Urinary excretion of 

conjugated or free metabolites of quinidine accounts for 75 to 95% of 

administered quinidine. Renal excretion of unaltered quinidine accounts for the 

remainder. 

Doses: 

In humans, the initial dose is usually 200 mg/kg, i/v, followed by five 

doses of 200 mg daily for the treatment of arrhythmia. On this regimen, plasma 

quinidine concentrations of approximately 4.0, 5.0 and 5.8 ug/mI are attained 

with doses of 200, 400, and 600 mg/kg, respectively (Lucchesi and Patterson, 

1984). 

Procainamide: 

Procaine hydrochloride was introduced as a local anesthetic in 1905, 

and in 1936 Mautz, a thoracic surgeon, demonstrated that procaine decreased 

myocardial excitability when applied directly to the surface of the heart (Mautz, 

1936). But the use of procaine for treatment of cardiac arrhythmias had several 
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drawbacks. The drug was rapidly hydrolyzed in plasma by butyrocholinesterase 

and thus had very short duration of action, making it difficult to achieve and 

maintain therapeutic plasma concentrations. A systematic search of 

compounds structurally similar to procaine, but with antiarrhythmic actions like 

quinidine, resulted in the isolation of procainamide. 

Chemical structure: 

Procainamide differs structurally from procaine in that para- 

aminobenzoic acid and a tertiary nitrogen compound (diethylaminoethanol) are 

bound through an amide rather than an ester linkage (Fig 3). 

HN C—NH—CH5-CH5—N 

Fig. 3. Chemical structure of procainamide 

Pharmacokinetics: 

Oral doses of procainamide are well absorbed from the gastrointestinal 

tract with bioavailability of approximately 75%. Peak plasma concentrations are 

achieved 60 to 90 minutes after oral administration. 
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Procainamide is metabolized extensively in the liver by enzyme N- 

acetyltransferase to N-acetylprocainamide. The rate of metabolism of 

procainamide varies widely between patients and assumes a bimodal 

distribution of rapid and slow acetylators. Despite differences observed in the 

rate of procainamide metabolism by N-acetyltransferase, the plasma clearance 

and therapeutic responses to procainamide are not markedly different in rapid 

and slow acetylators. The renal clearance of procainamide is proportional to 

creatinine clearance (Lucchesi and Patterson, 1984). 

Doses: 

In humans, maintenance doses for treatment of atrial and ventricular 

arrhythmias are between 500 and 1000 mg/kg administered every 4 to 6 hours 

(Lucchesi and Patterson, 1984). 

B. FREE RADICALS: 

Free radicals are, by definition, species that contain an odd number of 

electrons. They may be positively charged, negatively charged, or neutral. 

Radicals vary in their reactivity and are influenced by temperature, pH and by 

concentration of molecules in their environment. The importance of free 

radicals in living systems is now clearly established, and impressive evidence 

has been presented in a number of recent volumes and reviews by Pyror 

(1973), and Pyror (1977). Most of the radicals that are important in biological 

systems are oxidants. 

12



Oxygen free radicals: 

The thermodynamic properties of oxygen make it an excellent acceptor of 

electrons. When pairs of electrons are transferred from reduced nutrients such 

as glucose to oxygen through a series of redox reactions, energy is released 

due to the large differences in electrochemical potentials between the two 

molecules. The reactions ultimately result in the reduction of oxygen to water 

and the simultaneous oxidation of the organic nutrient to carbon dioxide. The 

energy obtained from these reactions is used to drive the metabolic process of 

animals (McCord, 1979). 

The electrons in the outer shell of an oxygen atom are shared with those 

of another oxygen atom to form the covalent bond of molecular oxygen (Oo). 

The orbitals more central to the molecule, such as the 2s orbitals as well as the 

first three 2p orbitals, are completely filled by electrons. According to the 

physical rules that govern electron configuration, only two electrons may occupy 

any atomic orbital, and to do so they must have opposite spins. These electrons 

are said to be spin-paired. It is actually the opposite spins on the two electrons 

which counteract their tendency to repel each other and permit them to coexist 

in an orbital. However, the outer two orbitals (x*2p) of ground state oxygen are 

incompletely filled. The molecule attains maximal stability by spreading out the 

outer two electrons across orbitals in an unpaired arrangement with parallel 

spins ( Hasan and Fridovich, 1979; Fee and Valentine, 1977; Brady and 

Humiston, 1975). A schematic diagram is presented in Fig. 4. 
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�s�p�i�n�n�i�n�g� �e�l�e�c�t�r�o�n�s� �c�a�n� �n�o�t� �e�n�t�e�r� �t�h�e� �a�v�a�i�l�a�b�l�e� �p� �o�r�b�i�t�a�l� �o�f� �m�o�l�e�c�u�l�a�r� �o�x�y�g�e�n� 

�w�i�t�h�o�u�t� �o�n�e� �o�f� �t�h�e� �o�u�t�e�r� �e�l�e�c�t�r�o�n�s� �u�n�d�e�r�g�o�i�n�g� �a� �s�p�i�n� �i�n�v�e�r�s�i�o�n�.� �A� �n�o�n�-�c�a�t�a�l�y�z�e�d� 

�s�p�i�n� �r�e�v�e�r�s�a�l� �i�s� �s�l�o�w� �a�n�d� �u�n�l�i�k�e�l�y� �t�o� �o�c�c�u�r� �a�t� �t�e�m�p�e�r�a�t�u�r�e�s� �t�h�a�t� �s�u�s�t�a�i�n� �l�i�f�e�;� �t�h�u�s� 

�m�o�l�e�c�u�l�a�r� �o�x�y�g�e�n� �i�s� �k�i�n�e�t�i�c�a�l�l�y� �m�o�r�e� �s�t�a�b�l�e� �d�u�e� �t�o� �i�t�s� �e�l�e�c�t�r�o�n�i�c� �c�o�n�f�i�g�u�r�a�t�i�o�n� 

�t�h�a�n� �i�t� �w�o�u�l�d� �a�p�p�e�a�r� �o�n� �a� �t�h�e�r�m�o�d�y�n�a�m�i�c� �b�a�s�i�s� �(�M�c�C�o�r�d�,� �1�9�7�9�;� �F�r�i�d�o�v�i�c�h�,� 

�1�9�7�9�)� 

�T�h�i�s� �s�p�i�n� �r�e�v�e�r�s�a�l� �i�s� �a�v�o�i�d�e�d� �i�f� �o�x�y�g�e�n� �a�c�c�e�p�t�s� �a� �s�i�n�g�l�e� �e�l�e�c�t�r�o�n� �(�a� 

�u�n�i�v�a�l�e�n�t� �r�e�d�u�c�t�i�o�n�)�,� �t�h�e�r�e�b�y� �f�o�r�m�i�n�g� �t�h�e� �f�r�e�e� �r�a�d�i�c�a�l�,� �s�u�p�e�r�o�x�i�d�e� �a�n�i�o�n� 

�(�F�r�i�d�o�v�i�c�h�,� �1�9�7�9�)�.� �D�u�r�i�n�g� �n�o�n�-�e�n�z�y�m�a�t�i�c� �o�x�i�d�a�t�i�o�n�s�,� �o�r�g�a�n�i�c� �c�o�m�p�o�u�n�d�s� �w�i�l�l� 

�m�o�r�e� �r�e�a�d�i�l�y� �t�r�a�n�s�f�e�r� �a�n� �e�l�e�c�t�r�o�n� �p�a�i�r� �t�o� �t�w�o� �o�x�y�g�e�n� �m�o�l�e�c�u�l�e�s� �i�n� �t�w�o� 

�s�u�c�c�e�s�s�i�v�e� �u�n�i�v�a�l�e�n�t� �r�e�a�c�t�i�o�n�s� �t�h�a�n� �t�r�a�n�s�f�e�r� �t�h�e� �p�a�i�r� �i�n� �a� �s�i�n�g�l�e� �d�i�v�a�l�e�n�t� 

�r�e�a�c�t�i�o�n� �(�M�c�C�o�r�d�,� �1�9�7�9�)�.� �T�h�r�o�u�g�h� �a� �s�e�r�i�e�s� �o�f� �n�o�n�-�e�n�z�y�m�a�t�i�c� �u�n�i�v�a�l�e�n�t� 

�r�e�a�c�t�i�o�n�s�,� �a� �m�o�l�e�c�u�l�e� �o�f� �o�x�y�g�e�n� �c�a�n� �u�l�t�i�m�a�t�e�l�y� �a�c�c�e�p�t� �f�o�u�r� �e�l�e�c�t�r�o�n�s� �t�o� �f�o�r�m� �t�w�o� 

�w�a�t�e�r� �m�o�l�e�c�u�l�e�s� �(�F�r�i�d�o�v�i�c�h�,� �1�9�7�8�)�.� �A�l�t�h�o�u�g�h� �o�x�y�g�e�n� �a�n�d� �w�a�t�e�r� �a�r�e� �f�a�i�r�l�y� 

�u�n�r�e�a�c�t�i�v�e�,� �t�h�e� �i�n�t�e�r�m�e�d�i�a�t�e� �p�r�o�d�u�c�t�s� �(�S�u�p�e�r�o�x�i�d�e�,� �h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� �a�n�d� �t�h�e� 

�h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�)� �f�o�r�m�e�d� �i�n� �t�h�e� �i�n�t�e�r�v�e�n�i�n�g� �r�e�d�u�c�t�i�o�n� �a�n�d� �t�h�e� �s�p�i�n� �a�l�t�e�r�e�d� 

�s�p�e�c�i�e�s� �(�s�i�n�g�l�e�t� �o�x�y�g�e�n�)� �a�r�e� �t�h�o�u�g�h�t� �t�o� �b�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �o�x�y�g�e�n� �t�o�x�i�c�i�t�y� 

�o�b�s�e�r�v�e�d� �i�n� �b�o�t�h� �m�i�c�r�o�o�r�g�a�n�i�s�m�s�,� �m�a�m�m�a�l�i�a�n� �c�e�l�l�s�,� �t�i�s�s�u�e�s� �a�n�d� �w�h�o�l�e� 

�o�r�g�a�n�i�s�m�s�.� �(�F�r�i�d�o�v�i�c�h�,� �1�9�7�6�:� �F�r�i�d�o�v�i�c�h�,� �1�9�7�8�)�.� 

�T�h�e�r�a�p�e�u�t�i�c� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �o�x�y�g�e�n� �h�a�s� �f�o�u�n�d� �s�u�c�c�e�s�s� �f�o�r� �n�e�a�r�l�y� �2�0�0� 

�y�e�a�r�s�;� �h�o�w�e�v�e�r�,� �p�r�o�l�o�n�g�e�d� �d�e�l�i�v�e�r�a�n�c�e� �o�f� �h�i�g�h� �o�x�y�g�e�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �p�r�o�v�e�s� 

�d�e�l�e�t�e�r�i�o�u�s� �(�M�c�C�o�r�d�,� �1�9�7�9�;� �P�f�e�n�n�i�n�g�,� �1�9�7�9�)�.� �A�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �1�0�0�%� �o�x�y�g�e�n� �t�o� 

�a�d�u�l�t� �r�a�t�s� �u�p� �t�o� �7�2� �h�o�u�r�s� �c�a�u�s�e�s� �d�i�f�f�u�s�e� �p�u�l�m�o�n�a�r�y� �c�a�p�i�l�l�a�r�y� �e�n�d�o�t�h�e�l�i�a�l� 
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�s�w�e�l�l�i�n�g�,� �d�e�g�e�n�e�r�a�t�i�o�n� �a�n�d� �n�e�c�r�o�s�i�s�,� �f�o�l�l�o�w�e�d� �b�y� �p�u�l�m�o�n�a�r�y� �e�d�e�m�a�,� 

�h�y�p�o�x�e�m�i�a� �a�n�d� �d�e�a�t�h� �(�C�r�a�p�o�,� �1�9�7�7�)�.� �T�h�e� �t�o�x�i�c� �e�f�f�e�c�t�s� �o�f� �o�x�y�g�e�n� �p�r�o�v�e� �t�o� �b�e� 

�m�o�r�e� �a�c�u�t�e� �u�n�d�e�r� �i�n�c�r�e�a�s�e�d� �p�r�e�s�s�u�r�e�.� �T�h�e� �d�e�l�i�v�e�r�y� �o�f� �1�0�0�%� �o�x�y�g�e�n� �t�o� �r�a�t�s� �i�n�a� 

�c�h�a�m�b�e�r� �p�r�e�s�s�u�r�i�z�e�d� �t�o� �f�i�v�e� �a�t�m�o�s�p�h�e�r�e� �c�a�u�s�e�s� �c�o�n�v�u�l�s�i�o�n�s� �a�n�d� �d�e�a�t�h� �i�n� �l�e�s�s� 

�t�h�a�n� �3�0� �m�i�n�u�t�e�s� �(�M�c�C�o�r�d�,� �1�9�7�9�;� �W�e�s�t�,� �1�9�7�9�)�.� �I�n� �h�u�m�a�n�s�,� �o�x�y�g�e�n� �t�o�x�i�c�i�t�y� �i�s� 

�e�x�a�c�e�r�b�a�t�e�d� �b�y� �t�h�e� �h�i�g�h� �p�r�e�s�s�u�r�e� �a�s� �i�n� �d�e�e�p� �s�e�a� �d�i�v�i�n�g�.� �O�n� �e�x�t�r�e�m�e�l�y� �d�e�e�p� 

�d�i�v�e�s�,� �o�x�y�g�e�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �m�u�s�t� �b�e� �r�e�d�u�c�e�d� �t�o� �u�n�d�e�r� �o�n�e� �p�e�r�c�e�n�t� �o�f� �t�h�e� 

�i�n�s�p�i�r�e�d� �g�a�s� �m�i�x�t�u�r�e� �t�o� �a�v�o�i�d� �d�e�l�e�t�e�r�i�o�u�s� �e�f�f�e�c�t�s� �(�W�e�s�t�,� �1�9�7�9�)�.� 

�T�o� �p�r�e�v�e�n�t� �p�a�t�h�o�l�o�g�i�c�a�l� �c�h�a�n�g�e�s� �a�t� �n�o�r�m�a�l� �o�x�y�g�e�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�,� 

�a�e�r�o�b�i�c� �o�r�g�a�n�i�s�m�s� �h�a�v�e� �a�d�a�p�t�e�d� �e�n�z�y�m�a�t�i�c�a�l�l�y� �t�o� �a�v�o�i�d� �t�h�e� �w�h�o�l�e� �s�e�r�i�e�s� �o�f� 

�u�n�i�v�a�l�e�n�t� �r�e�d�u�c�t�i�o�n� �r�e�a�c�t�i�o�n�s� �a�n�d� �p�r�e�v�e�n�t� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �s�u�p�e�r�o�x�i�d�e�,� 

�h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� �a�n�d� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�.� �O�x�i�d�a�t�i�v�e� �e�n�z�y�m�e�s� �s�u�c�h� �a�s� 

�c�y�t�o�c�h�r�o�m�e� �o�x�i�d�a�s�e� �c�a�t�a�l�y�z�e� �t�h�e� �t�e�t�r�a�v�a�l�e�n�t� �r�e�d�u�c�t�i�o�n� �o�f� �o�x�y�g�e�n� �t�o� �w�a�t�e�r� 

�w�i�t�h�o�u�t� �t�h�e� �r�e�l�e�a�s�e� �o�f� �d�e�t�e�c�t�a�b�l�e� �i�n�t�e�r�m�e�d�i�a�t�e�s� �(�H�a�s�s�a�n� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �1�9�7�9�;� 

�F�r�i�d�o�v�i�c�h� �1�9�7�6�)�.� �A�l�t�h�o�u�g�h� �a�e�r�o�b�i�c� �c�e�l�l�s� �u�s�e� �c�y�t�o�c�h�r�o�m�e� �o�x�i�d�a�s�e� �p�a�t�h�w�a�y�s� �f�o�r� 

�m�o�s�t� �o�f� �t�h�e�i�r� �o�x�y�g�e�n� �c�o�n�s�u�m�p�t�i�o�n�,� �m�a�n�y� �o�t�h�e�r� �b�i�o�l�o�g�i�c�a�l� �o�x�i�d�a�t�i�o�n�s� �r�e�s�u�l�t� �i�n� �t�h�e� 

�f�o�r�m�a�t�i�o�n� �o�f� �r�e�a�c�t�i�v�e� �i�n�t�e�r�m�e�d�i�a�t�e�s�.� 

�H�y�d�r�o�x�y�!� �r�a�d�i�c�a�l�:� �H�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �(�.�O�H�)� �h�a�v�e� �b�e�e�n� �i�m�p�l�i�c�a�t�e�d� �i�n� �a� �n�u�m�b�e�r� 

�o�f� �b�i�o�l�o�g�i�c� �p�h�e�n�o�m�e�n�o�n�,� �g�e�n�e�r�a�l�l�y� �f�r�o�m� �t�h�e� �v�i�e�w�p�o�i�n�t� �o�f� �t�h�e�i�r� �c�y�t�o�t�o�x�i�c� �a�c�t�i�o�n�s�.� 

�F�o�r� �e�x�a�m�p�l�e�,� �c�e�l�l�u�l�a�r� �d�a�m�a�g�e� �i�n�d�u�c�e�d� �b�y� �i�o�n�i�z�i�n�g� �r�a�d�i�a�t�i�o�n� �a�n�d� �t�h�e� �d�e�s�t�r�u�c�t�i�o�n� 

�o�f� �m�i�c�r�o�o�r�g�a�n�i�s�m�s� �b�y� �p�h�a�g�o�c�y�t�e�s� �h�a�v�e� �b�e�e�n� �a�t�t�r�i�b�u�t�e�d�,� �i�n� �p�a�r�t�,� �t�o� �t�h�e� �a�c�t�i�o�n� �o�f� 

�h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �(�M�a�y�e�r�s�,� �1�9�7�3�:� �S�a�l�i�n� �a�n�d� �M�c�C�o�r�d�,� �1�9�7�5�)�.� �T�h�e�r�e� �a�r�e� 

�e�x�a�m�p�l�e�s� �o�f� �p�o�t�e�n�t�i�a�l�l�y� �b�e�n�e�f�i�c�i�a�l� �a�c�t�i�o�n�s� �o�f� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s�,� �n�a�m�e�l�y�,� �i�t�s� 

�r�e�q�u�i�r�e�m�e�n�t� �i�n� �p�r�o�s�t�a�g�l�a�n�d�i�n� �b�i�o�s�y�n�t�h�e�s�i�s� �(�P�a�n�g�a�r�a�m�a�l�a� �e�t� �a�l�.�,� �1�9�7�6�)� �a�n�d� �,� 
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�i�n�d�i�r�e�c�t�l�y�,� �a�s� �p�r�o�t�e�c�t�i�v�e� �a�g�e�n�t�s� �a�g�a�i�n�s�t� �s�u�p�e�r�o�x�i�d�e� �m�e�d�i�a�t�e�d� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� 

�i�n� �l�i�v�e�r� �(�T�a�y�l�o�r�,� �1�9�7�5�)�.� 

�H�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �h�a�v�e� �n�o�t� �b�e�e�n� �o�b�s�e�r�v�e�d� �d�i�r�e�c�t�l�y� �i�n� �b�i�o�l�o�g�i�c� �s�y�s�t�e�m�s�.� 

�T�h�e�i�r� �p�r�e�s�e�n�c�e� �i�s� �g�e�n�e�r�a�l�l�y� �i�n�f�e�r�r�e�d� �f�r�o�m� �t�h�e� �b�l�o�c�k�i�n�g� �a�c�t�i�o�n� �o�f� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� 

�s�c�a�v�e�n�g�e�r�s�.� �T�h�e� �r�e�a�c�t�i�o�n� �m�e�c�h�a�n�i�s�m� �l�e�a�d�i�n�g� �t�o� �f�o�r�m�a�t�i�o�n� �o�f� �.�O�H� �i�n� �a� 

�b�i�o�l�o�g�i�c�a�l� �s�y�s�t�e�m� �a�r�e� �a� �m�a�t�t�e�r� �o�f� �s�o�m�e� �c�o�n�t�r�o�v�e�r�s�y�.� �O�n�e� �m�e�c�h�a�n�i�s�m� �t�h�a�t� �h�a�s� 

�a�c�h�i�e�v�e�d� �a� �l�e�v�e�l� �o�f� �g�e�n�e�r�a�l� �a�c�c�e�p�t�a�n�c�e� �i�s� �t�h�e� �F�e�n�t�o�n� �r�e�a�c�t�i�o�n� �(�W�a�l�l�i�n�g�,� �1�9�7�5�)�:� 

�H�2�O�2� �+� �F�e�?�@�t�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-� �>� �-�O�H� �+� �O�H�:� �+� �F�e�s�+� 

�A� �s�e�c�o�n�d� �r�e�a�c�t�i�o�n�,� �s�u�g�g�e�s�t�e�d� �b�y� �H�a�b�e�r� �a�n�d� �W�e�i�s�s� �(�1�9�3�4�)�,� �i�s� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� 

�s�u�p�e�r�o�x�i�d�e� �r�a�d�i�c�a�l� �(�O�2�-�-�)� �w�i�t�h� �h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e�.� 

�H�2�O�2� �+� �O�9!"� �-�-�-�-�-�-�-�-�-�2�2�-�2�2�2�-� �>� �-�O�H� �+� �O�H �� �+� �O�o� 

�T�h�i�s� �l�a�t�e�r� �r�e�a�c�t�i�o�n� �h�a�s� �s�p�a�r�k�e�d� �c�o�n�s�i�d�e�r�a�b�l�e� �d�e�b�a�t�e� �(�A�g�a�r� �a�n�d� �D�a�i�n�t�o�n�,� �1�9�4�7�;� 

�W�e�i�s�s�,� �1�9�4�7�,� �B�e�a�u�c�h�a�m�p� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �1�9�7�0�;� �C�o�h�e�n� �1�9�7�7�;� �F�e�e� �a�n�d� 

�V�a�l�e�n�t�i�n�e�,� �1�9�7�7�)�.� �I�t� �h�a�s� �n�o�w� �g�e�n�e�r�a�l�l�y� �b�e�e�n� �b�e�l�i�e�v�e�d� �t�h�a�t� �t�h�e� �r�e�a�c�t�i�o�n� �i�s� 

�c�a�t�a�l�y�z�e�d� �b�y� �m�e�t�a�l� �i�o�n�s� �s�u�c�h� �a�s� �F�e�s�+� �:� 

�F�e�s�t� �+� �O�o�-�-� �-�-�-�-�-�-�-� �>� �F�e�2�+� �+� �O�o� 

�F�e�2�+� �+� �H�o�O�o�-�-�-�-�-�>� �-�O�H� �+� �O�H�:� �+� �F�e�3�+� 

�H�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� �i�s� �o�n�e� �o�f� �t�h�e� �m�o�s�t� �r�e�a�c�t�i�v�e� �r�a�d�i�c�a�l�s� �k�n�o�w�n�.� �I�t� �r�e�a�c�t�s� �v�e�r�y� 

�q�u�i�c�k�l�y� �a�n�d� �i�n�d�i�s�c�r�i�m�i�n�a�t�e�l�y� �w�i�t�h� �a�l�l� �c�l�a�s�s�e�s� �o�f� �m�o�l�e�c�u�l�e�s� �f�o�u�n�d� �i�n� �b�i�o�l�o�g�i�c�a�l� 
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�s�y�s�t�e�m�s� �i�n�c�l�u�d�i�n�g� �s�u�g�a�r�s�,� �a�m�i�n�o� �a�c�i�d�s�,� �p�h�o�s�p�h�o�l�i�p�i�d�s�,� �n�u�c�l�e�o�t�i�d�e�s� �a�n�d� �o�r�g�a�n�i�c� 

�a�c�i�d�s�.� �H�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� �r�e�a�c�t�s� �i�n� �t�h�r�e�e� �m�a�j�o�r� �w�a�y�s�:� �H�y�d�r�o�g�e�n� �a�b�s�t�r�a�c�t�i�o�n�,� 

�a�d�d�i�t�i�o�n�,� �a�n�d� �e�l�e�c�t�r�o�n� �t�r�a�n�s�f�e�r�.� �T�h�e�s�e� �r�a�d�i�c�a�l�s� �r�e�a�c�t� �w�i�t�h� �e�t�h�a�n�o�l� �b�y� �h�y�d�r�o�g�e�n� 

�a�b�s�t�r�a�c�t�i�o�n� �o�r� �b�y� �r�e�m�o�v�i�n�g� �a� �h�y�d�r�o�g�e�n� �a�t�o�m� �t�o� �f�o�r�m� �w�a�t�e�r� �a�n�d� �e�t�h�a�n�o�l� �r�a�d�i�c�a�l�.� 

�T�h�e� �e�t�h�a�n�o�l� �r�a�d�i�c�a�l� �t�h�u�s� �c�o�n�t�a�i�n�s� �a�n� �u�n�p�a�i�r�e�d� �e�l�e�c�t�r�o�n� �o�n� �o�n�e� �o�f� �t�h�e� �c�a�r�b�o�n�s� 

�a�n�d� �t�e�n�d�s� �t�o� �r�e�a�c�t� �w�i�t�h� �s�u�r�r�o�u�n�d�i�n�g� �c�o�m�p�o�u�n�d�s�.� �H�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �c�a�n� �a�l�s�o� 

�r�e�a�c�t� �b�y� �a�d�d�i�t�i�o�n� �t�o� �a�n� �a�r�o�m�a�t�i�c� �r�i�n�g�.� �H�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� �r�e�a�c�t�s� �w�i�t�h� �t�h�e� �a�r�o�m�a�t�i�c� 

�n�u�c�l�e�o�t�i�d�e� �b�a�s�e�s� �o�f� �D�N�A� �a�n�d� �R�N�A� �b�y� �a�d�d�i�n�g� �t�o� �a� �d�o�u�b�l�e� �b�o�n�d�.� �T�h�i�s� �c�a�u�s�e�s� 

�d�a�m�a�g�e� �t�o� �t�h�e� �m�o�l�e�c�u�l�a�r� �s�t�r�u�c�t�u�r�e� �a�n�d� �m�a�y� �i�n�c�l�u�d�e� �s�t�r�a�n�d� �b�r�e�a�k�a�g�e�.� �C�e�l�l�s� 

�o�f�t�e�n� �d�i�e� �a�f�t�e�r� �t�h�i�s� �f�o�r�m� �o�f� �d�a�m�a�g�e� �o�r� �t�h�o�s�e� �t�h�a�t� �s�u�r�v�i�v�e� �m�a�y� �u�n�d�e�r�g�o� �m�u�t�a�t�i�o�n�s�.� 

�H�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� �t�r�a�n�s�f�e�r�s� �e�l�e�c�t�r�o�n�s� �t�o� �i�n�o�r�g�a�n�i�c� �c�o�m�p�o�u�n�d�s� �s�u�c�h� �a�s� �c�h�l�o�r�i�d�e� 

�i�o�n�,� �C�a�u�s�i�n�g� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �c�h�l�o�r�i�d�e� �r�a�d�i�c�a�l�s� �t�h�a�t� �a�r�e� �c�a�p�a�b�l�e� �o�f� �p�r�o�p�a�g�a�t�i�n�g� 

�c�h�a�i�n� �r�e�a�c�t�i�o�n� �(�H�a�l�l�i�w�e�l�l� �a�n�d� �G�u�t�t�e�r�i�d�g�e�,� �1�9�8�5�)�.� 

�S�i�n�g�l�e�t� �O�x�y�g�e�n�:� �|�T�h�e� �p�o�t�e�n�t�i�a�l� �r�o�l�e� �o�f� �s�i�n�g�l�e�t� �o�x�y�g�e�n� �(�1�0�2�)� �i�n� �b�i�o�l�o�g�i�c�a�l� 

�s�y�s�t�e�m�s� �h�a�s� �a�t�t�r�a�c�t�e�d� �m�a�n�y� �i�n�v�e�s�t�i�g�a�t�o�r�s� �o�v�e�r� �t�h�e� �p�a�s�t� �2�0� �y�e�a�r�s�.� �I�t� �w�a�s� �t�h�e� �f�i�r�s�t� 

�r�e�v�i�e�w� �b�y� �F�o�o�t�e� �(�1�9�6�8�)� �t�h�a�t� �b�e�g�a�n� �f�o�c�u�s�i�n�g� �t�h�e� �a�t�t�e�n�t�i�o�n� �o�f� �b�i�o�c�h�e�m�i�s�t�s� �a�n�d� 

�b�i�o�l�o�g�i�s�t�s� �o�n� �t�h�i�s� �u�n�i�q�u�e� �e�l�e�c�t�r�o�n�i�c�a�l�l�y� �e�x�c�i�t�e�d� �s�p�e�c�i�e�s� �o�f� �o�x�y�g�e�n�.� �T�h�e� �r�e�a�c�t�i�o�n�s� 

�t�h�a�t� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �g�e�n�e�r�a�t�e� �'�O�o�2� �a�r�e� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �t�h�e� �p�a�t�t�e�r�n� �o�f� �a� 

�c�l�o�c�k� �i�n� �F�i�g�.� �5�.� 

�T�h�e� �s�i�n�g�l�e�t� �o�x�y�g�e�n� �(�1�0�2�)�,� �s�p�e�c�i�e�s� �a�r�e� �m�u�c�h� �l�e�s�s� �s�t�a�b�l�e� �t�h�a�n� �g�r�o�u�n�d� �s�t�a�t�e� 

�o�x�y�g�e�n�.� �S�i�n�g�l�e�t� �o�x�y�g�e�n� �i�s� �l�e�s�s� �s�t�a�b�l�e� �b�e�c�a�u�s�e� �t�h�e� �t�w�o� �o�u�t�e�r� �e�l�e�c�t�r�o�n�s� �a�r�e� �n�o�t� 

�s�p�r�e�a�d� �a�c�r�o�s�s� �t�h�e� �t�w�o� �o�u�t�e�r� �o�r�b�i�t�a�l�,� �b�u�t� �a�r�e� �s�p�i�n� �p�a�i�r�e�d� �i�n� �a� �s�i�n�g�l�e� �p�*�2�p� �o�r�b�i�t�a�l� 

�(�F�i�g�.� �4�)�.� �1�0�2� �i�s� �2�2�.�4� �k�c�a�l� �a�b�o�v�e� �g�r�o�u�n�d� �s�t�a�t�e� �o�x�y�g�e�n�.� �T�h�e� �s�e�c�o�n�d� �f�o�r�m� �o�f� �1�0�s�,� 
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�w�h�i�c�h� �h�a�s� �a�n� �e�n�e�r�g�y� �o�f� �3�7�.�5� �k�c�a�l� �a�b�o�v�e� �t�h�e� �g�r�o�u�n�d� �s�t�a�t�e�,� �h�a�s� �t�w�o� �s�i�n�g�l�e� 

�e�l�e�c�t�r�o�n�s� �i�n� �t�h�e� �o�u�t�e�r� �o�r�b�i�t�a�l� �s�p�i�n�n�i�n�g� �i�n� �o�p�p�o�s�i�t�e� �d�i�r�e�c�t�i�o�n�s� �(� �F�i�g�.� �4�)�.� 

� � � � 

� � 

� � � 

�1�2� 

� � � 
� � � 

�E�N�Z�Y�M�E�S� 
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�F�i�g�.� �5�:� �P�h�o�t�o�c�h�e�m�i�c�a�l�,� �c�h�e�m�i�c�a�l� �a�n�d� �b�i�o�l�o�g�i�c�a�l� �r�e�a�c�t�i�o�n�s� 

�r�e�p�o�r�t�e�d� �t�o� �p�r�o�d�u�c�e� �1�0�2� �(�A�f�t�e�r� �K�h�a�n�,�1�9�7�8�)� 

�T�h�e� �h�i�g�h�l�y� �e�n�e�r�g�e�t�i�c� �1�0�2�°� �t�e�n�d�s� �t�o� �d�e�c�a�y� �t�o� �t�h�e� �1�0�2� �f�o�r�m� �t�h�a�t� �i�s� �t�h�e� �o�n�l�y� 

�s�i�g�n�i�f�i�c�a�n�t� �s�p�e�c�i�e�s� �o�f� �1�0�2� �i�n� �b�i�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�.� �T�h�e�s�e� �o�x�y�g�e�n� �s�p�e�c�i�e�s� �d�o� �n�o�t� 

�h�a�v�e� �t�h�e� �s�p�i�n� �r�e�s�t�r�i�c�t�i�o�n� �f�o�u�n�d� �i�n� �g�r�o�u�n�d� �s�t�a�t�e� �O�2� �a�n�d� �t�h�e�r�e�f�o�r�e� �a�r�e� �k�i�n�e�t�i�c�a�l�l�y� 

�m�u�c�h� �l�e�s�s� �s�t�a�b�l�e� �a�n�d� �m�o�r�e� �r�e�a�d�y� �t�o� �a�c�c�e�p�t� �e�l�e�c�t�r�o�n� �p�a�i�r�s� �f�r�o�m� �n�o�n� �r�a�d�i�c�a�l�s�.� 

�1�0�9� �i�s� �n�o�t� �i�t�s�e�l�f� �a� �f�r�e�e� �r�a�d�i�c�a�l�,� �b�u�t� �i�s� �a� �p�r�o�d�u�c�t� �o�f� �s�o�m�e� �r�e�a�c�t�i�o�n�s� �w�i�t�h� 

�r�a�d�i�c�a�l�s� �a�n�d� �t�e�n�d�s� �t�o� �f�o�r�m� �r�a�d�i�c�a�l�s�.� �1�0�2� �m�a�y� �b�e� �f�o�r�m�e�d� �w�h�e�n� �h�y�p�o�c�h�l�o�r�i�t�e� �i�o�n�,� 

�a� �p�r�o�d�u�c�t� �o�f� �p�h�a�g�o�c�y�t�e� �m�y�e�l�o�p�e�r�o�x�i�d�a�s�e�,� �r�e�a�c�t�s� �w�i�t�h� �h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e�.� �I�t� �m�a�y� 
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�a�l�s�o� �b�e� �g�e�n�e�r�a�t�e�d� �b�y� �p�h�o�t�o�s�e�n�s�i�t�i�z�a�t�i�o�n� �r�e�a�c�t�i�o�n�s� �w�h�e�r�e� �a� �p�h�o�t�o�s�e�n�s�i�t�i�z�e�r� 

�m�o�l�e�c�u�l�e� �a�b�s�o�r�b�s� �c�e�r�t�a�i�n� �w�a�v�e�l�e�n�g�t�h�s� �o�f� �l�i�g�h�t�,� �r�a�i�s�i�n�g� �i�t� �t�o� �a�n� �e�x�c�i�t�e�d� �s�t�a�t�e�.� 

�T�h�i�s� �e�n�e�r�g�y� �i�s� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �m�o�l�e�c�u�l�a�r� �o�x�y�g�e�n� �t�o� �f�o�r�m� �1�0�2�.� �R�i�b�o�f�l�a�v�i�n�,� �a� �f�l�a�v�i�n� 

�m�o�n�o�n�u�c�l�e�o�t�i�d�e�,� �f�l�a�v�i�n� �a�d�e�n�i�n�e� �d�i�n�u�c�l�e�o�t�i�d�e�,� �c�h�l�o�r�o�p�h�y�l�l�s� �a� �a�n�d� �b�,� �b�i�l�i�r�u�b�i�n�,� 

�r�e�t�i�n�o�l� �a�n�d� �p�o�r�p�h�y�r�i�n�s� �m�a�y� �a�c�t� �a�s� �p�h�o�t�o�s�e�n�s�i�t�i�z�e�r�s�.� �S�i�n�g�l�e�t� �o�x�y�g�e�n� �m�a�y� �r�e�a�c�t� 

�w�i�t�h� �s�u�r�r�o�u�n�d�i�n�g� �m�o�l�e�c�u�l�e�s� �o�r� �i�t� �m�a�y� �r�e�a�c�t� �w�i�t�h� �a�n�d� �d�a�m�a�g�e� �t�h�e� 

�p�h�o�t�o�s�e�n�s�i�t�i�z�e�r�.� �S�i�n�g�l�e�t� �o�x�y�g�e�n� �m�a�y� �e�i�t�h�e�r� �c�o�m�b�i�n�e� �w�i�t�h� �m�o�l�e�c�u�l�e�s� �i�n� �a�n� 

�e�l�e�c�t�r�o�n� �t�r�a�n�s�f�e�r� �p�r�o�c�e�s�s� �o�r� �t�r�a�n�s�f�e�r� �i�t�s� �e�n�e�r�g�y� �t�o� �m�o�l�e�c�u�l�e�s�.� �S�i�n�g�l�e�t� �o�x�y�g�e�n�s� 

�h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �p�e�r�o�x�i�d�i�z�e� �l�i�p�i�d�s� �a�n�d� �d�a�m�a�g�e� �p�r�o�t�e�i�n�s� �b�y� �t�h�e�s�e� �m�e�t�h�o�d�s� 

�(�H�a�l�l�i�w�e�l�l� �a�n�d� �G�u�t�t�e�r�i�d�g�e�,� �1�9�8�5�)�.� 

�S�u�p�e�r�o�x�i�d�e� �r�a�d�i�c�a�l�:� �T�h�e� �i�n�a�b�i�l�i�t�y� �o�f� �g�r�o�u�n�d� �s�t�a�t�e� �o�x�y�g�e�n� �t�o� �a�c�c�e�p�t� 

�e�l�e�c�t�r�o�n� �p�a�i�r� �i�s� �a�v�o�i�d�e�d� �i�f� �o�x�y�g�e�n� �a�c�c�e�p�t�s� �e�l�e�c�t�r�o�n�s� �o�n�e� �a�t� �a�t�i�m�e�.� �T�h�e� �a�d�d�i�t�i�o�n� 

�o�f� �a�n� �e�l�e�c�t�r�o�n� �t�o� �m�o�l�e�c�u�l�a�r� �o�x�y�g�e�n� �c�a�u�s�e�s� �s�u�p�e�r�o�x�i�d�e� �r�a�d�i�c�a�l� �f�o�r�m�a�t�i�o�n�.� �T�h�e� 

�e�l�e�c�t�r�o�n� �a�f�f�i�n�i�t�y� �o�f� �m�o�l�e�c�u�l�a�r� �o�x�y�g�e�n� �h�a�s� �b�e�e�n� �d�e�t�e�r�m�i�n�e�d� �t�o� �b�e� �b�e�t�w�e�e�n� �0�.�2� �-� 

�1�.�3�e�V� �(�K�h�a�n�,� �1�9�7�8�)�.� �I�n� �a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n� �O�g� �e�x�i�s�t�s� �i�n� �e�q�u�i�l�i�b�r�i�u�m� �w�i�t�h� �t�h�e� 

�h�y�d�r�o�p�e�r�o�x�y� �r�a�d�i�c�a�l� �-�O�O�H� 

�O�o�°�-�+� �H�+� �-�-�-�-�>� �-�O�O�H� 

�A� �p�K� �o�f� �4�.�8�8� �f�o�r� �t�h�i�s� �i�o�n�i�z�a�t�i�o�n� �h�a�s� �b�e�e�n� �d�e�t�e�r�m�i�n�e�d� �b�y� �B�e�h�a�r� �e�t� �a�l�.� �(�1�9�7�0�)� �f�r�o�m� 

�s�t�u�d�i�e�s� �o�f� �-�O�O�H� �a�n�d� �O�o ��:� �s�o�l�u�t�i�o�n�s� �g�e�n�e�r�a�t�e�d� �b�y� �r�e�a�c�t�i�o�n�s�:� 

�2�0



�i�n� �t�h�e� �p�u�l�s�e� �r�a�d�i�o�l�y�s�i�s� �o�f� �o�x�y�g�e�n�a�t�e�d� �w�a�t�e�r�.� �A�t� �n�e�u�t�r�a�l� �p�H� �t�h�e� �r�a�t�i�o� �[�-�O�O�H�]�/�[�O�2�"�]� 

�i�s� �r�o�u�g�h�l�y� �1�:�1�0�0�.� �A� �s�e�c�o�n�d� �p�r�o�t�o�n�a�t�i�o�n� �o�c�c�u�r�s� �a�t� �l�o�w�e�r� �p�H�,� �y�i�e�l�d�i�n�g� �O�O�H�2�+� �(�p�K� 

�1�.�2�;� �B�i�e�l�s�k�i� �a�n�d� �A�l�l�e�n�,� �1�9�6�7�)�.� �I�n� �a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n� �a�t� �a�c�i�d� �a�n�d� �n�e�u�t�r�a�l� �p�H� 

�r�a�n�g�e�s�,� �t�h�e� �d�e�c�a�y� �o�f� �t�h�e� �O�2�°�:� �o�r� �-�O�O�H� �s�p�e�c�i�e�s� �i�s� �d�u�e� �t�o� �t�h�e� �d�i�s�p�r�o�p�o�r�t�i�o�n�a�t�i�o�n� 

�r�e�a�c�t�i�o�n�.� �T�h�i�s� �w�a�s� �s�h�o�w�n� �b�y� �f�o�l�l�o�w�i�n�g� �d�e�c�a�y� �o�f� �O�2�-�-� �a�n�d� �-�O�O�H� �o�p�t�i�c�a�l� 

�a�b�s�o�r�p�t�i�o�n� �i�n� �p�u�l�s�e� �r�a�d�i�o�l�y�s�i�s� �s�t�u�d�i�e�s� �o�f� �o�x�y�g�e�n�a�t�e�d� �w�a�t�e�r�:� 

 ��O�O�H� �+� �-�O�O�H�-�-�-�-�-�-�-� �>� �O�o� �+� �H�2�O�o�2� 

 ��O�O�H� �+� �.�O�9�"�:� �-�-�-�-�-�-�-�-� �>� �O�2� �+� �O�O�H�-� 

�T�h�e� �Q�O�g�a�°�:� �i�s� �u�n�s�t�a�b�l�e� �i�n� �a�n� �a�q�u�e�o�u�s� �e�n�v�i�r�o�n�m�e�n�t� �,� �s�p�o�n�t�a�n�e�o�u�s�l�y� �d�i�s�m�u�t�a�t�i�n�g� �t�o� 

�p�r�o�d�u�c�e� �H�2�Q�O�2� �a�n�d� �O�z� �b�y� �t�h�e� �r�e�a�c�t�i�o�n�:� 

�2�0�2�°� �+� �2�H�?� �-�-�-�-�-�-�-�-�-�-� �>� �H�2�O�2� �+� �O�o� 

�T�h�e� �r�a�t�e� �c�o�n�s�t�a�n�t� �f�o�r� �O�2�-�:� �d�i�s�m�u�t�a�t�i�o�n� �a�t� �p�H� �7�.�4� �i�s� �2� �X� �1�0�9� �M�/�s� �(�F�r�i�d�o�v�i�c�h�,� �1�9�7�6�)�.� 

�B�e�c�a�u�s�e� �o�f� �t�h�i�s� �r�e�l�a�t�i�v�e�l�y� �r�a�p�i�d� �r�a�t�e� �o�f� �d�i�s�m�u�t�a�t�i�o�n�,� �p�r�o�d�u�c�t�i�o�n� �o�f� �O�g�-� �i�n� �v�i�v�o� �i�s� 

�a�l�w�a�y�s� �a�c�c�o�m�p�a�n�i�e�d� �b�y� �p�r�o�d�u�c�t�i�o�n� �o�f� �H�2�O�2�.� �T�h�e� �O�o�:� �i�s� �a� �r�e�l�a�t�i�v�e�l�y� �w�e�a�k� 

�o�x�i�d�a�n�t�;� �i�t� �o�x�i�d�i�z�e�s� �o�n�l�y� �a� �f�e�w� �c�o�m�p�o�u�n�d�s�,� �i�n�c�l�u�d�i�n�g� �a�s�c�o�r�b�a�t�e� �(�N�i�s�h�i�k�i�m�i� �a�n�d� 

�Y�o�g�i�,� �1�9�7�7�)�,� �s�u�l�f�h�y�d�r�y�l� �c�o�m�p�o�u�n�d�s� �(�Q�u�i�n�t�i�l�i�a�n�i� �e�t� �a�l�.�,� �1�9�7�8�)�,� �s�u�l�f�i�t�e�,� �a�n�d� �c�e�r�t�a�i�n� 

�c�a�t�e�c�h�o�l�a�m�i�n�e�s� �(�M�c�C�o�r�d� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �1�9�6�9�)�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d� �S�a�w�y�e�r� �a�n�d� 

�V�a�l�e�n�t�i�n�e� �(�1�9�8�1�)� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �O�a�:� �i�s� �a� �p�o�t�e�n�t� �r�e�d�u�c�t�a�n�t� �w�i�t�h� �a� �r�e�d�o�x� 

�p�o�t�e�n�t�i�a�l� �c�l�o�s�e� �t�o� �t�h�a�t� �o�f� �s�o�d�i�u�m� �h�y�d�r�o�s�u�l�p�h�i�t�e�.� �T�h�e� �O�°�:� �r�e�d�u�c�e�s� �a� �v�a�r�i�e�t�y� �o�f� 

�c�o�m�p�o�u�n�d�s�,� �i�n�c�l�u�d�i�n�g� �f�e�r�r�i�c� �i�r�o�n� �a�n�d� �i�t�s� �c�o�m�p�l�e�x�e�s� �(�B�i�e�l�s�k�i� �a�n�d� �G�e�b�i�c�k�i�,� �1�9�7�4�)�,� 

�h�e�m�e�p�r�o�t�e�i�n�s� �(� �c�y�t�o�c�h�r�o�m�e� �c�,� �m�e�t�h�e�m�o�g�l�o�b�i�n�,� �m�e�t�m�y�o�g�l�o�b�i�n�,� �a�n�d� �p�e�r�o�x�i�d�a�s�e�s� 

�(�M�c�C�o�r�d� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �1�9�6�9�)�,� �a�n�d� �q�u�i�n�o�n�e�s� �(�P�a�t�e�l� �a�n�d� �W�i�l�s�o�n�,� �1�9�7�3�)�.� 

�B�i�o�l�o�g�i�c�a�l�l�y� �O�o�-�.� �m�a�y� �b�e� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �a�u�t�o�x�i�d�a�t�i�o�n� �o�f� �e�p�i�n�e�p�h�r�i�n�e�,� 

�2�1



�h�e�m�o�g�l�o�b�i�n�,� �f�l�a�v�i�n�s� �a�n�d� �q�u�i�n�o�n�e�s� �o�r� �e�n�z�y�m�a�t�i�c�a�l�l�y� �b�y� �x�a�n�t�h�i�n�e� �o�x�i�d�a�s�e� �(� �M�i�s�r�a� 

�a�n�d� �F�r�i�d�o�v�i�c�h�,� �1�9�7�1�;� �M�i�s�r�a� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �1�9�7�2�a�;� �M�i�s�r�a� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �1�9�7�2�b�;� 

�M�i�s�r�a� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �1�9�7�2�c�;� �M�i�s�r�a�,� �1�9�7�4�;� �F�r�i�d�o�v�i�c�h�,� �1�9�7�9�)�.� 

�B�e�c�a�u�s�e� �o�f� �t�h�e� �p�o�t�e�n�t�i�a�l�l�y� �h�a�r�m�f�u�l� �e�f�f�e�c�t�s� �i�n�i�t�i�a�t�e�d� �b�y� �r�e�a�c�t�i�v�e� �O�o� 

�m�e�t�a�b�o�l�i�t�e�s�,� �n�a�t�u�r�e� �h�a�s� �p�r�o�v�i�d�e�d� �s�e�v�e�r�a�l� �a�n�t�i�o�x�i�d�a�n�t� �e�n�z�y�m�e�s� �a�n�d� �s�c�a�v�e�n�g�e�r�s� 

�t�o� �p�r�o�t�e�c�t� �t�i�s�s�u�e� �f�r�o�m� �o�x�i�d�a�t�i�v�e� �i�n�s�u�l�t�.� �T�h�e�y� �i�n�c�l�u�d�e� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� 

�(�S�O�D�)�,� �c�a�t�a�l�a�s�e�,� �a�n�d� �g�l�u�t�a�t�h�i�o�n�e� �p�e�r�o�x�i�d�a�s�e�.� �S�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �e�x�i�s�t�s� �a�s� 

�a�n� �M�n�-�c�o�n�t�a�i�n�i�n�g� �p�r�o�t�e�i�n� �i�n� �m�i�t�o�c�h�o�n�d�r�i�a� �a�n�d� �a�s� �a� �C�u�Z�n�-�c�o�n�t�a�i�n�i�n�g� �e�n�z�y�m�e� �i�n� 

�t�h�e� �c�y�t�o�p�l�a�s�m� �o�f� �m�o�s�t� �m�a�m�m�a�l�s�.� 

�S�p�i�n� �t�r�a�p�p�i�n�g� �o�f� �f�r�e�e� �r�a�d�i�c�a�l�s�:� 

�A� �f�r�e�e� �r�a�d�i�c�a�l� �i�s� �a� �s�p�e�c�i�e�s� �c�o�n�t�a�i�n�i�n�g� �u�n�p�a�i�r�e�d� �e�l�e�c�t�r�o�n�s� �a�n�d� �a�s� �s�u�c�h� �i�s� 

�p�a�r�a�m�a�g�n�e�t�i�c�.� �W�h�e�n� �t�h�i�s� �f�r�e�e� �r�a�d�i�c�a�l� �i�s� �p�l�a�c�e�d� �i�n� �a� �m�a�g�n�e�t�i�c� �f�i�e�l�d�,� �i�t�s� �m�a�g�n�e�t�i�c� 

�m�o�m�e�n�t� �i�s� �d�i�r�e�c�t�l�y� �d�e�t�e�c�t�e�d� �b�y� �a�n� �e�l�e�c�t�r�o�n� �p�a�r�a�m�a�g�n�e�t�i�c� �r�e�s�o�n�a�n�c�e� 

�s�p�e�c�t�r�o�m�e�t�e�r� �(�E�P�R�)�.� �S�i�n�c�e� �E�P�R� �c�a�n� �o�n�l�y� �d�e�t�e�c�t� �f�r�e�e� �r�a�d�i�c�a�l�s�,� �i�t�s� �u�s�e� �i�n� 

�b�i�o�l�o�g�i�c�a�l� �s�y�s�t�e�m�s� �i�s� �m�o�s�t� �a�p�p�a�r�e�n�t�.� �M�a�n�y� �f�r�e�e� �r�a�d�i�c�a�l�s� �o�f� �b�i�o�l�o�g�i�c�a�l� �i�n�t�e�r�e�s�t� 

�a�r�e� �s�o� �r�e�a�c�t�i�v�e� �t�h�a�t� �t�h�e�y� �n�e�v�e�r� �r�e�a�c�h� �t�h�e� �n�e�c�e�s�s�a�r�y� �s�t�e�a�d�y� �s�t�a�t�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�t�o� �b�e� �d�e�t�e�c�t�e�d� �d�i�r�e�c�t�l�y� �b�y� �E�P�R� �m�e�t�h�o�d�o�l�o�g�y�.� �S�p�i�n� �t�r�a�p�p�i�n�g� �c�a�n� �o�v�e�r�c�o�m�e� �m�a�n�y� 

�o�f� �t�h�e�s�e� �d�i�f�f�i�c�u�l�t�i�e�s�.� �T�h�i�s� �t�e�c�h�n�i�q�u�e� �c�o�n�s�i�s�t�s� �o�f� �u�s�i�n�g� �a� �s�p�i�n� �t�r�a�p�,� �i�.�e�.�,� �a� 

�c�o�m�p�o�u�n�d� �w�h�i�c�h� �f�o�r�m�s� �a� �s�t�a�b�l�e� �n�i�t�r�o�x�i�d�e� �b�y� �r�e�a�c�t�i�n�g� �c�o�v�a�l�e�n�t�l�y� �w�i�t�h� �a�n� 

�u�n�s�t�a�b�l�e� �r�a�d�i�c�a�l�.� �I�n� �t�h�i�s� �w�a�y�,� �t�h�e� �u�n�s�t�a�b�l�e� �r�a�d�i�c�a�l� �i�s� �t�r�a�p�p�e�d� �a�s� �a� �l�o�n�g� �l�i�v�e�d� 

�s�p�e�c�i�e�s� �w�h�i�c�h� �c�a�n� �b�e� �o�b�s�e�r�v�e�d� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �u�s�i�n�g� �c�o�n�v�e�n�t�i�o�n�a�l� �E�P�R� 

�s�p�e�c�t�r�o�s�c�o�p�y� �(�R�o�s�e�n� �a�n�d� �R�a�u�c�k�m�a�n�,� �1�9�8�1�)�.� �T�h�e� �h�y�p�e�r�f�i�n�e� �s�p�l�i�t�t�i�n�g� �c�o�n�s�t�a�n�t�s� 

�o�f� �t�h�e� �a�d�d�u�c�t� �p�r�o�v�i�d�e� �i�n�f�o�r�m�a�t�i�o�n� �t�h�a�t� �c�a�n� �a�i�d� �i�n� �t�h�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �a�n�d� 

�q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �o�r�i�g�i�n�a�l� �r�a�d�i�c�a�l�.� �S�i�n�c�e� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �s�t�a�b�l�e� �n�i�t�r�o�x�i�d�e� �f�r�e�e� 
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�r�a�d�i�c�a�l� �a�c�c�u�m�u�l�a�t�e�s�,� �s�p�i�n� �t�r�a�p�p�i�n�g� �i�n� �c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �E�P�R� �s�p�e�c�r�o�s�c�o�p�y� �h�a�s� 

�b�e�e�n� �a�n� �i�n�t�e�g�r�a�t�i�v�e� �m�e�t�h�o�d� �f�o�r� �m�e�a�s�u�r�i�n�g� �f�r�e�e� �r�a�d�i�c�a�l�s�,� �a�n�d� �i�s� �i�n�h�e�r�e�n�t�l�y� �m�o�r�e� 

�s�e�n�s�i�t�i�v�e� �t�h�a�n� �p�r�o�c�e�d�u�r�e�s� �t�h�a�t� �d�e�t�e�c�t� �o�n�l�y� �i�n�s�t�a�n�t�a�n�e�o�u�s�,� �o�r� �s�t�e�a�d�y� �s�t�a�t�e�,� �l�e�v�e�l�s� 

�o�f� �f�r�e�e� �r�a�d�i�c�a�l�s�.� 

�C�.� �P�U�L�M�O�N�A�R�Y� �O�X�Y�G�E�N� �T�O�X�I�C�I�T�Y�:� 

�M�o�s�t� �m�a�m�m�a�l�i�a�n� �s�p�e�c�i�e�s� �d�i�e� �a�f�t�e�r� �p�r�o�l�o�n�g�e�d� �e�x�p�o�s�u�r�e� �t�o� �1�0�0�%� �o�x�y�g�e�n� 

�e�v�e�n� �a�t� �n�o�r�m�o�b�a�r�i�c� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �p�r�i�m�a�r�y� �d�a�m�a�g�e� �i�s� �t�o� �t�h�e� �l�u�n�g� �a�n�d� �t�h�e� 

�c�l�i�n�i�c�a�l� �s�i�g�n�s� �a�r�e� �t�h�o�s�e� �o�f� �p�r�o�g�r�e�s�s�i�v�e� �r�e�s�p�i�r�a�t�o�r�y� �d�i�s�t�r�e�s�s� �u�n�t�i�l� �d�e�a�t�h�.� 

�U�l�t�r�a�s�t�r�u�c�t�u�r�e� �s�t�u�d�i�e�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �m�a�j�o�r� �i�n�s�u�l�t� �i�s� �t�o� �t�h�e� �a�l�v�e�o�l�a�r� �c�a�p�i�l�l�a�r�y� 

�e�n�d�o�t�h�e�l�i�u�m� �(�T�h�e�t�,� �1�9�8�6�)�.� �T�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �O�2�-� �i�n�d�u�c�e�d� �p�u�l�m�o�n�a�r�y� �t�o�x�i�c�i�t�y� 

�h�a�s� �o�n�l�y� �r�e�c�e�n�t�l�y� �b�e�e�n� �d�e�l�i�n�e�a�t�e�d�.� �C�e�r�t�a�i�n� �a�u�t�o�x�i�d�i�z�a�b�l�e� �c�o�m�p�o�u�n�d�s� �s�u�c�h� �a�s� 

�h�y�d�r�o�q�u�i�n�o�n�e�s� �o�r �� �r�e�d�u�c�e�d� �f�l�a�v�i�n�s� �r�e�d�u�c�e� �O�2� �b�y� �o�n�e� �e�l�e�c�t�r�o�n� �t�r�a�n�s�f�e�r� 

�m�e�c�h�a�n�i�s�m� �t�o� �f�o�r�m� �O�g�-�:� �(�M�i�s�r�a� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �1�9�7�2�)� �I�n� �n�o�r�m�a�l� �m�i�t�o�c�h�o�n�d�r�i�a�,� 

�1�%� �o�f� �t�h�e� �e�l�e�c�t�r�o�n�s� �t�h�a�t� �p�a�s�s� �d�o�w�n� �t�h�e� �e�l�e�c�t�r�o�n� �t�r�a�n�s�p�o�r�t� �c�h�a�i�n� �"�l�e�a�k� �o�f�f�"� �t�o� 

�m�o�l�e�c�u�l�a�r� �O�o� �b�y� �r�e�a�c�t�i�o�n� �w�i�t�h� �u�b�i�s�e�m�i�q�u�i�n�o�n�e� �(� �C�o�e�n�z�y�m�e� �Q�)�,� �r�e�s�u�l�t�i�n�g� �i�n� �a� 

�s�m�a�l�l� �b�u�t� �s�i�g�n�i�f�i�c�a�n�t� �p�r�o�d�u�c�t�i�o�n� �o�f� �O�o�-�:� �i�n� �t�h�e� �m�i�t�o�c�h�o�n�d�r�i�a� �(� �F�i�g� �6�a�)�.� �T�h�e� �r�a�t�e� �o�f� 

�e�l�e�c�t�r�o�n� �l�e�a�k�a�g�e� �o�r� �O�o� �p�r�o�d�u�c�t�i�o�n� �i�s� �d�i�r�e�c�t�l�y� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� �p�a�r�t�i�a�l� 

�p�r�e�s�s�u�r�e� �o�f� �O�o�i�n� �t�h�e� �m�i�t�o�c�h�o�n�d�r�i�a�.� �T�h�e�r�e�f�o�r�e�,� �w�h�e�n� �a�n� �a�n�i�m�a�l� �i�s� �e�x�p�o�s�e�d� �t�o� 

�1�0�0�%� �o�x�y�g�e�n� �t�h�e� �m�i�t�o�c�h�o�n�d�r�i�a� �o�f� �p�n�e�u�m�o�c�y�t�e�s� �m�a�y� �p�r�o�d�u�c�e� �a�s� �m�u�c�h� �a�s� �f�i�v�e� 

�t�i�m�e�s� �t�h�e� �a�m�o�u�n�t� �o�f� �O�e�:� �p�r�o�d�u�c�e�d� �i�n� �n�o�r�m�o�x�i�c� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �O�o� �s�o� 

�g�e�n�e�r�a�t�e�d� �c�o�u�l�d� �u�n�d�e�r�g�o� �a� �d�i�s�m�u�t�a�t�i�o�n� �r�e�a�c�t�i�o�n� �t�o� �p�r�o�d�u�c�e� �H�2�O�2� �a�n�d� �p�o�s�s�i�b�l�y� 

�m�e�t�a�l�-�c�a�t�a�l�y�z�e�d� �r�e�a�c�t�i�o�n� �t�o� �f�o�r�m� �-�O�H�.� �M�o�s�t� �e�v�i�d�e�n�c�e� �s�u�g�g�e�s�t�s� �t�h�a�t� �p�u�l�m�o�n�a�r�y� 

�o�x�y�g�e�n� �t�o�x�i�c�i�t�y� �i�s� �d�u�e� �t�o� �i�n�c�r�e�a�s�e�d� �r�a�t�e�s� �o�f� �O�2�-�-� �a�n�d� �H�2�O�2� �p�r�o�d�u�c�t�i�o�n�.� 
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�F�i�g� �6�a�.� �M�i�t�o�c�h�o�n�d�r�i�a�l� �e�l�e�c�t�r�o�n� �t�r�a�n�s�p�o�r�t� �a�n�d� �O�o�°� �p�r�o�d�u�c�t�i�o�n�.� �(�A�f�t�e�r� 
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�X�a�n�t�h�i�n�e� �D�e�h�y�d�r�o�g�e�n�a�s�e� 

�i�n�o�s�i�n�e� �.� 
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�0�,� 

�R�e�p�e�r�f�u�s�i�o�n� 

�F�i�g� �6�b�.� �P�r�o�p�o�s�e�d� �m�e�c�h�a�n�i�s�m� �f�o�r� �O�2� �r�a�d�i�c�a�l� �f�o�r�m�a�t�i�o�n� �i�n� �i�s�c�h�e�m�i�c� �t�i�s�s�u�e� 
�(�A�f�t�e�r� �M�c�C�o�r�d�,� �1�9�8�5�)� 
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�D�.� �P�O�S�T�-�I�S�C�H�E�M�I�C� �T�I�S�S�U�E� �D�A�M�A�G�E�:� 

�R�e�o�x�y�g�e�n�a�t�i�o�n� �o�f� �i�s�c�h�e�m�i�c� �t�i�s�s�u�e� �r�e�s�u�l�t�s� �i�n� �e�x�t�e�n�s�i�v�e� �t�i�s�s�u�e� �d�a�m�a�g�e� �a�n�d� 

�t�h�i�s� �p�h�e�n�o�m�e�n�o�n� �h�a�s� �b�e�e�n� �t�e�r�m�e�d� �a�s� �r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �o�r� �r�e�p�e�r�f�u�s�i�o�n� �p�a�r�a�d�o�x� 

�o�r� �p�o�s�t� �-�i�s�c�h�e�m�i�a� �t�i�s�s�u�e� �i�n�j�u�r�y�.� �T�h�e� �b�i�o�c�h�e�m�i�c�a�l� �m�e�c�h�a�n�i�s�m� �t�h�a�t� �u�n�d�e�r�l�i�e�s� �t�h�e� 

�p�o�s�t�-�i�s�c�h�e�m�i�c� �t�i�s�s�u�e� �i�n�j�u�r�y� �i�n�v�o�l�v�e�s� �p�r�o�d�u�c�t�i�o�n� �o�f� �s�u�p�e�r�o�x�i�d�e� �r�a�d�i�c�a�l� �i�n� �t�h�e� 

�r�e�p�e�r�f�u�s�e�d� �t�i�s�s�u�e�.� �P�r�o�l�o�n�g�e�d� �i�s�c�h�e�m�i�a� �r�e�s�u�l�t�s� �i�n� �t�h�e� �l�o�s�s� �o�f� �h�i�g�h� �e�n�e�r�g�y� 

�p�h�o�s�p�h�a�t�e� �c�o�m�p�o�u�n�d�s� �m�a�n�i�f�e�s�t�e�d� �b�y� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �c�e�l�l�u�l�a�r� �A�T�P� �l�e�v�e�l�s�.� �A�s� 

�c�e�l�l�'�s� �e�n�e�r�g�y� �c�h�a�r�g�e� �d�r�o�p�s�,� �i�t� �i�s� �n�o� �l�o�n�g�e�r� �a�b�l�e� �t�o� �m�a�i�n�t�a�i�n� �a� �p�r�o�p�e�r� �i�o�n� �g�r�a�d�i�e�n�t� 

�a�c�r�o�s�s� �i�t�s� �m�e�m�b�r�a�n�e� �a�n�d� �t�h�i�s� �p�r�e�c�i�p�i�t�a�t�e�s� �a� �r�e�d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �c�a�l�c�i�u�m� �i�o�n�s�.� 

�C�o�n�c�o�m�i�t�a�n�t�l�y�,� �t�h�e� �d�e�p�l�e�t�i�o�n� �o�f� �t�h�e� �c�e�l�l�s� �A�T�P� �r�e�s�u�l�t�s� �i�n� �a�n� �e�l�e�v�a�t�e�d� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �A�M�P�.� �T�h�e� �A�M�P� �i�s� �c�a�t�a�b�o�l�i�z�e�d� �t�o� �a�d�e�n�o�s�i�n�e�,� �i�n�o�s�i�n�e�,� �a�n�d� �t�h�e�n� 

�h�y�p�o�x�a�n�t�h�i�n�e� �(�F�i�g� �6�b�)�.� �T�h�e� �e�l�e�v�a�t�e�d� �c�y�t�o�s�o�l�i�c� �c�a�l�c�i�u�m� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �i�s� 

�b�e�l�i�e�v�e�d� �t�o� �a�c�t�i�v�a�t�e� �a� �p�r�o�t�e�a�s�e� �c�a�p�a�b�l�e� �o�f� �c�o�n�v�e�r�t�i�n�g� �x�a�n�t�h�i�n�e� �d�e�h�y�d�r�o�g�e�n�a�s�e� 

�t�o� �x�a�n�t�h�i�n�e� �o�x�i�d�a�s�e� �w�h�i�c�h� �i�n� �t�u�r�n� �a�c�t�s� �o�n� �h�y�p�o�x�a�n�t�h�i�n�e� �a�n�d� �o�x�y�g�e�n� �t�o� 

�g�e�n�e�r�a�t�e�d� �u�r�i�c� �a�c�i�d� �a�n�d� �O�2�-�-� �(� �G�r�i�s�h�a�m� �a�n�d� �M�c�C�o�r�d�,� �1�9�8�6�)�.� �I�t� �i�s� �a�l�s�o� �p�o�s�s�i�b�l�e� 

�t�h�a�t� �t�h�e� �m�i�t�o�c�h�o�n�d�r�i�a�l� �"�l�e�a�k� �o�f�f�"� �o�f� �e�l�e�c�t�r�o�n�s� �i�s� �e�n�h�a�n�c�e�d� �d�u�r�i�n�g� �r�e�p�e�r�f�u�s�i�o�n� �o�f� 

�i�s�c�h�e�m�i�c� �t�i�s�s�u�e�.� �D�u�r�i�n�g� �h�y�p�o�x�i�a� �a�n�d� �i�s�c�h�e�m�i�a� �t�h�e� �r�e�d�u�c�i�n�g� �e�q�u�i�v�a�l�e�n�t�s� �i�n� �t�h�e� 

�m�i�t�o�c�h�o�n�d�r�i�a� �r�e�m�a�i�n� �a�t� �h�i�g�h� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� �R�e�p�e�r�f�u�s�i�o�n� �i�n�t�r�o�d�u�c�e�s� �o�x�y�g�e�n� �t�o� 

�t�h�e� �i�s�c�h�e�m�i�c� �t�i�s�s�u�e� �w�h�i�c�h�,� �i�n�t�u�r�n�,� �i�s� �r�e�d�u�c�e�d� �b�y� �u�n�i�v�a�l�e�n�t� �p�a�t�h�w�a�y�s� �t�o� �g�e�n�e�r�a�t�e� 

�O�o�-�.� 

�P�o�s�t�-�i�s�c�h�e�m�i�c� �i�n�j�u�r�y� �i�n� �t�h�e� �l�u�n�g�:� 

�R�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �m�e�d�i�a�t�e�d� �b�y� �o�x�y�g�e�n� �f�r�e�e� �r�a�d�i�c�a�l� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �i�n� 

�h�e�a�r�t�,� �b�r�a�i�n�,� �i�n�t�e�s�t�i�n�e�,� �l�i�v�e�r�,� �p�a�n�c�r�e�a�s�,� �k�i�d�n�e�y� �a�n�d� �s�k�i�n�.� �T�h�e� �r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� 

�h�a�s� �a�l�s�o� �b�e�e�n� �r�e�p�o�r�t�e�d� �a�f�t�e�r� �r�e�e�x�p�a�n�s�i�o�n� �o�f� �a�t�e�l�e�c�t�a�t�i�c� �l�u�n�g� �(�J�a�c�k�s�o�n� �e�t� �a�l�.� 
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�1�9�8�6�)� �o�r� �r�e�p�e�r�f�u�s�i�o�n� �o�f� �m�e�c�h�a�n�i�c�a�l�l�y� �o�c�c�l�u�d�e�d� �p�u�l�m�o�n�a�r�y� �a�r�t�e�r�y� �(�B�i�s�h�o�p� �e�t� �a�l�.� 

�1�9�8�6�)�.� �I�n�v�e�s�t�i�g�a�t�o�r�s� �h�a�v�e� �g�e�n�e�r�a�l�l�y� �f�e�l�t� �t�h�a�t� �t�h�e� �l�u�n�g� �i�s� �r�e�l�a�t�i�v�e�l�y� �i�m�m�u�n�e� �f�r�o�m� 

�r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �b�e�c�a�u�s�e� �o�x�i�d�a�t�i�v�e� �m�e�t�a�b�o�l�i�s�m� �d�o�e�s� �n�o�t� �d�e�c�r�e�a�s�e� �a�n�d� �A�T�P� 

�l�e�v�e�l�s� �d�o� �n�o�t� �f�a�l�l� �u�n�t�i�l� �a�l�v�e�o�l�a�r� �P�o�o� �d�r�o�p�s� �b�e�l�o�w� �1�m�m� �H�g� �(�F�i�s�h�e�r� �a�n�d� �D�o�d�i�a�,� 

�1�9�8�1�)�.� �H�o�w�e�v�e�r�,� �o�t�h�e�r� �r�e�p�o�r�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� �l�u�n�g� �i�s� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �r�e�p�e�r�f�u�s�i�o�n� 

�i�n�j�u�r�y�.� �T�h�e� �s�o�u�r�c�e� �o�f� �t�h�i�s� �i�n�j�u�r�y� �h�a�v�e� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �t�o� �b�e� �r�e�a�c�t�i�v�e� �o�x�y�g�e�n� 

�s�p�e�c�i�e�s�,� �s�u�c�h� �a�s� �O�o� �g�e�n�e�r�a�t�e�d� �d�u�r�i�n�g� �r�e�p�e�r�f�u�s�i�o�n�.� �S�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �h�a�s� 

�b�e�e�n� �s�h�o�w�n� �t�o� �p�r�o�t�e�c�t� �t�h�e� �l�u�n�g�s� �f�r�o�m� �r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y�.� 

�M�a�c�r�o�p�h�a�g�e� �a�n�d� �o�x�i�d�a�t�i�v�e� �t�i�s�s�u�e� �d�a�m�a�g�e�:� 

�T�h�e� �f�u�n�d�a�m�e�n�t�a�l� �d�r�i�v�i�n�g� �f�o�r�c�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �o�x�i�d�a�t�i�v�e� �d�a�m�a�g�e� �b�y� �l�e�u�k�o�c�y�t�e�s� 

�i�s� �t�h�e� �f�l�o�w� �o�f� �e�l�e�c�t�r�o�n�s� �d�o�w�n� �t�h�e� �p�o�t�e�n�t�i�a�l� �g�r�a�d�i�e�n�t� �f�r�o�m� �N�A�D�P�H� �t�o� �a� �v�a�r�i�e�t�y� �o�f� 

�i�n�t�r�a�c�e�l�l�u�l�a�r� �a�n�d� �e�x�t�r�a�c�e�l�l�u�l�a�r� �a�c�c�e�p�t�o�r�s�.� �T�h�e� �N�A�D�P�H� �o�x�i�d�a�s�e�,� �m�e�m�b�r�a�n�e� 

�b�o�u�n�d� �e�n�z�y�m�e�,� �o�f� �p�h�a�g�o�c�y�t�e�s�,� �i�s� �a� �p�o�w�e�r�f�u�l� �g�e�n�e�r�a�t�o�r� �o�f� �s�u�p�e�r�o�x�i�d�e� �r�a�d�i�c�a�l�.� 

�T�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �s�u�p�e�r�o�x�i�d�e� �b�y� �t�h�e� �l�e�u�k�o�c�y�t�e� �i�s� �n�o�r�m�a�l�l�y� �h�i�g�h�l�y� �r�e�g�u�l�a�t�e�d� �a�n�d� 

�r�e�q�u�i�r�e�s� �t�h�e� �a�s�s�e�m�b�l�y� �o�f� �a� �l�a�r�g�e� �m�a�c�r�o�m�o�l�e�c�u�l�a�r� �c�o�m�p�l�e�x� �o�f� �p�r�o�t�e�i�n�s� �f�r�o�m� 

�d�i�f�f�e�r�e�n�t� �c�e�l�l�u�l�a�r� �c�o�m�p�a�r�t�m�e�n�t�s� �a�f�t�e�r� �s�t�i�m�u�l�a�t�i�o�n� �o�f� �t�h�e� �c�e�l�l�.� �I�f� �t�h�e� �l�e�u�k�o�c�y�t�e� �i�s� 

�a�p�p�r�o�p�r�i�a�t�e�l�y� �s�t�i�m�u�l�a�t�e�d� �b�y� �i�n�v�a�s�i�v�e� �m�i�c�r�o�b�e�s� �o�r� �c�e�l�l� �d�e�b�r�i�s�,� �t�h�e� �p�o�w�e�r�f�u�l� 

�s�y�s�t�e�m� �i�s� �u�s�e�d� �t�o� �t�h�e� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �h�o�s�t� �t�o� �o�x�i�d�a�t�i�v�e�l�y� �k�i�l�l� �t�h�e� �m�i�c�r�o�b�i�a�l� �c�e�l�l�s� 

�o�r� �d�e�g�r�a�d�e� �t�h�e� �c�e�l�l�u�l�a�r� �d�e�b�r�i�s�.� �I�f� �t�h�e� �p�h�a�g�o�c�y�t�e� �i�s� �i�n�a�p�p�r�o�p�r�i�a�t�e�l�y� �s�t�i�m�u�l�a�t�e�d� 

�t�h�e�n� �u�n�w�a�n�t�e�d� �t�o�x�i�c� �o�x�y�g�e�n� �s�p�e�c�i�e�s� �a�r�e� �p�r�o�d�u�c�e�d� �i�n� �t�h�e� �h�o�s�t� �a�n�d� �o�x�i�d�a�t�i�v�e� 

�t�i�s�s�u�e� �d�a�m�a�g�e� �e�n�s�u�e�s�.� �V�i�r�u�a�l�l�y� �a�n�y� �o�r�g�a�n� �t�h�a�t� �b�e�c�o�m�e�s� �i�n�f�l�a�m�e�d�,� 

�t�r�a�u�m�a�t�i�z�e�d�,� �o�r� �s�u�b�j�e�c�t�e�d� �t�o� �i�s�c�h�e�m�i�a� �o�r� �a�n�o�x�i�a� �f�o�l�l�o�w�e�d� �b�y� �r�e�p�e�r�f�u�s�i�o�n� �o�r� 

�r�e�o�x�y�g�e�n�a�t�i�o�n�,� �w�i�l�l� �s�u�f�f�e�r� �t�i�s�s�u�e� �d�a�m�a�g�e� �f�r�o�m� �t�o�x�i�c� �o�x�y�g�e�n� �s�p�e�c�i�e�s� �o�r�i�g�i�n�a�t�i�n�g�,� 
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�a�t� �l�e�a�s�t� �i�n� �p�a�r�t�,� �a�s� �p�h�a�g�o�c�y�t�e�-�g�e�n�e�r�a�t�e�d� �s�u�p�e�r�o�x�i�d�e� �r�a�d�i�c�a�l�s� �(�J�e�s�s�a�i�t�i�s� �e�t� �a�l�.� 

�1�9�9�1�)�.� 
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�R�e�f�e�r�e�n�c�e�s�:� 

�A�g�a�r�,� �J�.�N�.� �a�n�d� �D�a�i�n�t�o�n�,� �F�.�S�.� �(�1�9�4�7�)�,� �D�i�s�c� �F�a�r�a�d�a�y� �S�o�c�.� �2�,� �2�1�8�-�2�1�9�.� 

�B�e�a�u�c�h�a�m�p�,� �C�.� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �I�.� �(�1�9�7�0�)�,� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�4�5�,� �4�6�4�1�-�4�6�4�6�.� 

�B�e�h�a�r�,� �D�.�,� �C�z�a�p�s�k�i�,� �G�.�,� �R�a�b�a�n�i�,� �J�.�,� �D�o�r�f�m�a�n�,� �L�.�M�.� �a�n�d� �S�c�h�w�a�r�z�,� �H�.� �(�1�9�7�0�)�,� �J�.� 

�P�h�y�s�.� �C�h�e�m�.� �7�4�:� �3�2�0�9�-�3�2�1�3� 

�B�i�e�l�s�k�i�,� �B�.�H�.�J�.� �a�n�d� �A�l�l�e�n�,� �A�.�O�.� �(�1�9�6�7�)�,� �P�r�o�c�.� �T�i�h�a�n�y�.� �S�y�m�p�.� �R�a�d�i�a�t�.� �C�h�e�m�.� �2�n�d�,� 

�8�1� 

�B�i�e�l�s�k�i�,� �B�.� �H�.� �J�.� �a�n�d� �G�e�b�i�c�k�i�,� �J�.� �M�.� �(�1�9�7�4�)�,� �S�t�u�d�y� �o�f� �p�e�r�o�x�i�d�a�s�e� �m�e�c�h�a�n�i�s�m�s� �b�y� 

�p�u�l�s�e� �r�a�d�i�o�l�y�s�i�s�.� �B�i�o�c�h�i�m�.� �B�i�o�p�h�y�s�.� �A�c�t�a� �3�6�4�:� �2�3�3�-�2�3�5�.� 

�B�i�s�h�o�p�,� �M�.�J�.�,� �B�o�a�t�m�a�n�,� �E�.�S�.�,� �I�v�e�y�,� �T�.�D�.�,� �J�o�r�d�a�n�,� �J�.�P�.� �a�n�d� �C�h�e�n�e�y�,� �F�.� �W�.� �(�1�9�8�6�)�,� 

�R�e�p�e�r�f�u�s�i�o�n� �o�f� �i�s�c�h�e�m�i�c� �d�o�g� �l�u�n�g� �r�e�s�u�l�t�s� �i�n� �f�e�v�e�r�,� �l�e�u�k�o�p�e�n�i�a�,� �a�n�d� �l�u�n�g� 

�e�d�e�m�a�.� �A�m�.� �R�e�v�.� �R�e�s�p�i�r�.� �D�i�s�.� �1�3�4�:�7�5�2�-�7�5�6�.� 

�B�r�a�d�y�,� �J�.�E�.� �H�u�m�i�s�t�o�n�,� �G�.�E�.� �(�1�9�7�5�)�,� �G�e�n�e�r�a�l� �C�h�e�m�i�s�t�r�y�:� �P�r�i�n�c�i�p�l�e�s� �a�n�d� �s�t�r�u�c�t�u�r�e�.� 

�N�e�w� �Y�o�r�k�,� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� �I�n�c�.� 

�C�o�h�e�n�,� �G�.� �(�1�9�7�7�)�,� �I�n� �D�e�f�e�n�s�e� �o�f� �H�a�b�e�r�-�W�e�i�s�s�.� �I�n�:� �S�u�p�e�r�o�x�i�d�e� �a�n�d� �s�u�p�e�r�o�x�i�d�e� 

�d�i�s�m�u�t�a�s�e�s�.� �M�i�c�h�a�e�l�s�o�n�,� �A�.�M�.�,� �M�c�C�o�r�d�,� �J�.�M�.�,� �F�r�i�d�o�v�i�c�h�,� �|�.� �(�e�d�s�.�)�.� �N�e�w� 

�Y�o�r�k�,� �A�c�a�d�e�m�i�c� �P�r�e�s�s�:� �3�2�3�-�3�3�4�.� 

�C�r�a�p�o�,� �J�.�D�.� �(�1�9�7�7�)�,� �T�h�e� �r�o�l�e� �o�f� �t�h�e� �s�u�p�e�r�o�x�i�d�e� �a�n�d� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e�s� �i�n� 

�p�u�l�m�o�n�a�r�y� �o�x�y�g�e�n� �t�o�x�i�c�i�t�y�.� �I�n�:� �S�u�p�e�r�o�x�i�d�e� �a�n�d� �S�u�p�e�r�o�x�i�d�e� �D�i�s�m�u�t�a�s�e�s�.� 

�M�i�c�h�a�e�l�s�o�n�,� �A�.�M�.�,� �M�c�C�o�r�d�,� �J�.�M�.�,� �F�r�i�d�o�v�i�c�h�,� �|�.� �(�e�d�s�.�)�.� �N�e�w� �Y�o�r�k�,� �A�c�a�d�e�m�i�c� 

�P�r�e�s�s�:� �2�3�1�-�2�3�9�.� 

�F�e�e�,� �J�.�A�.� �a�n�d� �V�a�l�e�n�t�i�n�e�,� �J�S�.� �(�1�9�7�7�)�,� �C�h�e�m�i�c�a�l� �a�n�d� �p�h�y�s�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �o�f� 

�s�u�p�e�r�o�x�i�d�e�.�I�n�:� �S�u�p�e�r�o�x�i�d�e� �a�n�d� �S�u�p�e�r�o�x�i�d�e� �D�i�s�m�u�t�a�s�e�s�.� �M�i�c�h�a�e�l�s�o�n�,� 
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�A�.�M�.�,� �M�c�C�o�r�d�,� �J�.�M�.�,� �F�r�i�d�o�v�i�c�h�,� �|�.� �(�e�d�s�.�)�.� �N�e�w� �Y�o�r�k�,� �A�c�a�d�e�m�i�c� �P�r�e�s�s�:� �1�9�-� 

�6�0�.� 

�F�i�s�h�e�r�,� �A�.�B�.�,� �a�n�d� �D�o�d�i�a�,� �C�.� �(�1�9�8�1�)�,� �T�h�e� �l�u�n�g� �a�s� �a� �m�o�d�e�l� �f�o�r� �e�v�a�l�u�a�t�i�o�n� �o�f� �c�r�i�t�i�c�a�l� 

�i�n�t�r�a�c�e�l�l�u�l�a�r� �p�O�2� �a�n�d� �p�C�O�2�.� �A�m�.� �J�.� �P�h�y�s�i�o�l�.� �2�4�2�:�E�4�7�-�5�0�.� 

�F�o�o�t�e�,� �C�.�S�.� �(�1�9�6�8�)�,� �M�e�c�h�a�n�i�s�m� �o�f� �p�h�o�t�o�s�e�n�s�i�t�i�z�e�d� �o�x�i�d�a�t�i�o�n�.� �S�c�i�e�n�c�e�,� �1�6�2�:�9�6�3� 

�F�r�e�y� �W�.� �(�1�9�1�8�)�,�W�e�i�t�e�r�e� �E�r�f�a�h�r�u�n�g�e�n� �m�i�t� �c�h�i�n�i�d�i�n� �b�e�i� �a�b�s�o�l�u�t�e�r� �h�e�r�z�u�n�-�r�e�g�e�l�-� 

�m�a�s�s�i�g�k�e�i�t�.� �W�e�i�n� �k�l�i�n� �w�c�h�n�s�c�h�r�,� �5�5�:�8�4�9�-�8�5�3�.� 

�F�r�i�d�o�v�i�c�h�,� �|�.� �(�1�9�7�6�)�,� �O�x�y�g�e�n� �r�a�d�i�c�a�l�s�,� �h�y�d�r�o�g�e�n� �p�e�r�o�x�i�d�e� �a�n�d� �o�x�y�g�e�n� �t�o�x�i�c�i�t�y�.� �I�n�:� 

�F�r�e�e� �R�a�d�i�c�a�l�s� �i�n� �B�i�o�l�o�g�y�,� �e�d�i�t�e�d� �b�y� �P�y�r�o�r�,� �W�.�A�.� �N�e�w� �Y�o�r�k�:� �A�c�a�d�e�m�i�c� 

�P�r�e�s�s�,� �V�o�l�.� �1�,� �p�.� �2�3�9�-�2�7�7�.� 

�F�r�i�d�o�v�i�c�h�,� �|�.� �(�1�9�7�8�)�,� �T�h�e� �b�i�o�l�o�g�y� �o�f� �o�x�y�g�e�n� �r�a�d�i�c�a�l�s�,� �S�c�i�e�n�c�e�,� �2�0�1�:�8�7�5�-�8�8�0�.� 

�F�r�i�d�o�v�i�c�h�,� �I�.� �(�1�9�7�9�)� �S�u�p�e�r�o�x�i�d�e� �a�n�d� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e�s�.� �I�n�:� �A�d�v�a�n�c�e�s� �i�n� 

�I�n�o�r�g�a�n�i�c� �B�i�o�c�h�e�m�i�s�t�r�y�.� �E�i�c�h�h�o�r�n�,� �G�.�L�,� �M�a�r�z�e�l�l�i�,� �L�.�G�.� �(�e�d�s�.�)�.� �N�e�w� �Y�o�r�k�,� 

�E�l�s�e�v�i�e�r� �N�o�r�t�h� �H�o�l�l�a�n�d�:� �6�7�-�9�0�.� 

�G�r�i�s�h�a�m�,� �M�.�B�.� �a�n�d� �M�c�C�o�r�d�,�J�.�M�.� �(�1�9�8�6�)�,� �C�h�e�m�i�s�t�r�y� �a�n�d� �c�y�t�o�t�o�x�i�c�i�t�y� �o�f� �r�e�a�c�t�i�v�e� 

�o�x�y�g�e�n� �m�e�t�a�b�o�l�i�t�e�s�.� �I�n�:� �P�h�y�s�i�o�l�o�g�y� �o�f� �O�x�y�g�e�n� �R�a�d�i�c�a�l�s�,� �A�m�e�r�i�c�a�n� 

�P�h�y�s�i�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y� �B�e�t�h�e�s�d�a�,� �M�a�r�y�l�a�n�d�,�1�-�1�8�.� 

�H�a�b�e�r�,� �F�.� �a�n�d� �W�e�i�s�s�,� �J�.� �(�1�9�3�4�)�,� �P�r�o�c�.� �R�.� �S�o�c�.� �A� �1�4�7�,� �3�3�2�-�3�5�1� 

�H�a�l�l�i�w�e�l�l�,� �B�.�,� �a�n�d� �G�u�t�t�e�r�i�d�g�e�,� �J�.�M�.�C�.� �(�1�9�8�5�)�,� �O�x�y�g�e�n� �i�s� �p�o�i�s�o�n�o�u�s�-�a�n� 

�i�n�t�r�o�d�u�c�t�i�o�n� �t�o� �o�x�y�g�e�n� �t�o�x�i�c�i�t�y� �a�n�d� �f�r�e�e� �r�a�d�i�c�a�l�s�.� �I�n�:� �F�r�e�e� �R�a�d�i�c�a�l�s� �i�n� 

�B�i�o�l�o�g�y� �a�n�d� �M�e�d�i�c�i�n�e�.� �O�x�f�o�r�d�,� �C�l�a�r�e�n�d�o�n� �P�r�e�s�s�:� �1�-�1�9�.� 

�H�a�r�t�e�n�s�t�e�i�n�,� �J�.� �a�n�d� �W�a�g�n�e�r�,� �B�.� �(�1�9�8�6�)�,� �A�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s�.� �I�n�:� 

�C�a�r�d�i�o�v�a�s�c�u�l�a�r� �D�r�u�g�s� �(�B�i�s�t�o�l�,� �J�.�A�.� �E�d�.�)� �p�p� �3�0�9�-�4�1�5�,� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� 

�N�e�w� �Y�o�r�k�.� 
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�H�a�s�s�a�n�,� �H�.� �M�.� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �|�.� �(�1�9�7�9�)�,� �S�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �a�n�d� �i�t�s� �r�o�l�e� �f�o�r� 

�s�u�r�v�i�v�a�l� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �o�x�y�g�e�n�.� �I�n�:� �S�t�r�a�t�e�g�i�e�s� �o�f� �M�i�c�r�o�b�i�a�l� �L�i�f�e� �i�n� 

�E�x�t�r�e�m�e� �E�n�v�i�r�o�n�m�e�n�t�s�.� �S�h�i�l�o� �M� �(�e�d�.�)�.� �N�e�w� �Y�o�r�k�,� �V�e�r�l�a�g� �C�h�e�m�i�e�,� �1�9�7�9�:� 

�1�7�9�-�1�9�3�.� 

�H�u�l�l�a�n�g�e�r�,� �G�.�,� �(�1�9�6�0�)�,� �O�n� �t�h�e� �m�e�t�a�b�o�l�i�s�m� �o�f� �l�i�d�o�c�a�i�n�e�.� �|�.� �T�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� 

�e�n�z�y�m�e� �s�y�s�t�e�m� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �o�x�i�d�a�t�i�v�e� �m�e�t�a�b�o�l�i�s�m� �o�f� �l�i�d�o�c�a�i�n�e�.� 

�A�c�t�a�.� �P�h�a�r�m�a�c�o�l�.� �T�o�x�i�c�o�l�.�,� �1�7�:�3�5�6�-�3�6�5�.� 

�J�a�c�k�s�o�n�,� �R�.� �M�.�,� �V�e�i�l�,� �C�.�F�.�,� �A�l�e�x�a�n�d�e�r�,� �C�.�B�.�,� �B�r�q�n�n�e�n�,� �A�.�L�.� �a�n�d� �F�u�l�m�e�r�,� �J�.�D�.� 

�(�1�9�8�8�)�,� �R�e�e�x�p�a�n�s�i�o�n� �p�u�l�m�o�n�a�r�y� �e�d�e�m�a�.� �A� �p�o�t�e�n�t�i�a�l� �r�o�l�e� �f�o�r� �f�r�e�e� 

�r�a�d�i�c�a�l�s� �i�n� �i�t�s� �p�a�t�h�o�g�e�n�e�s�i�s�.� �A�m�.� �R�e�v�.� �R�e�s�p�i�r�.� �D�i�s�.� �1�3�7�:�1�1�6�5�-�1�1�7�1�.� 

�J�e�s�s�a�i�t�i�s�,� �A�.� �J�.�,� �Q�u�i�n�n�,� �M�.�T�.�,� �M�u�k�h�e�r�j�e�e�,� �G�.�,� �W�a�r�d�,� �P�.�A�.�,� �a�n�d� �D�r�a�t�z�,� �E�.� �A�.� �(�1�9�9�1�)�,� 

�T�h�e� �m�o�l�e�c�u�l�a�r� �b�a�s�i�s� �o�f� �o�x�i�d�a�t�i�v�e� �d�a�m�a�g�e� �b�y� �l�e�u�k�o�c�y�t�e�s�.� �I�n�:� �M�o�l�e�c�u�l�a�r� 

�b�a�s�i�s� �o�f� �O�x�i�d�a�t�i�v�e� �D�a�m�a�g�e� �B�y� �L�e�u�k�o�c�y�t�e�s�.� �p�p�1�-�8� �(�J�e�s�s�a�i�t�i�s�,� �A�.� �J�.�a�n�d� 

�D�r�a�t�z�,� �E�.� �A�.�,� �e�d�s�.�)�,� �C�R�C� �P�r�e�s�s�,� �B�o�c�a� �R�a�t�o�n� 

�K�h�a�n�,� �A�.�U�.� �(�1�9�7�8�)�,� �A�c�t�i�v�a�t�e�d� �o�x�y�g�e�n� �:� �S�i�n�g�l�e�t� �m�o�l�e�c�u�a�l�r� �o�x�y�g�e�n� �a�n�d� �s�u�p�e�r�o�x�i�d�e� 

�a�n�i�o�n�,� �P�h�o�t�o�c�h�e�m�.� �P�h�o�t�o�b�i�o�l�.� �2�8�:�6�1�5�-�6�2�7�.� 

�L�u�c�c�h�e�s�i�,� �B�.� �R�.� �a�n�d� �P�a�t�t�e�r�s�o�n�,� �E�.� �S�.� �(�1�9�8�4�)�,� �A�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s�.� �I�n� �:� 

�C�a�r�d�i�o�v�a�s�c�u�l�a�r� �P�h�a�r�m�a�c�o�l�o�g�y�,� �(�A�n�t�o�n�a�c�c�i�o�,� �M�.� �E�d�.�)�,� �p�p� �3�2�9�-�4�1�4�,� �R�a�v�e�n� 

�p�r�e�s�s�,� �N�e�w� �Y�o�r�k�.� 

�M�a�u�t�z�,� �F�.� �R�.�(�1�9�3�6�)�,� �T�h�e� �r�e�d�u�c�t�i�o�n� �o�f� �c�a�r�d�i�a�c� �i�r�r�i�t�a�b�i�l�i�t�y� �b�y� �e�p�i�c�a�r�d�i�a�l� �a�n�d� 

�s�y�s�t�e�m�i�c� �a�d�m�i�n�i�s�t�r�a�t�i�o�n� �o�f� �d�r�u�g�s� �a�s� �a� �p�r�o�t�e�c�t�i�o�n� �i�n� �c�a�r�d�i�a�c� �s�u�r�g�e�r�y�.� �J�.� 

�T�h�o�r�a�c�.� �S�u�r�g�.� �5�:�6�1�2�-�6�2�8�.� 

�M�c�C�o�r�d�,� �J�.�M�.� �(�1�9�7�9�)�,� �S�u�p�e�r�o�x�i�d�e�,� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �a�n�d� �o�x�y�g�e�n� �t�o�x�i�c�i�t�y�.� 

�I�n�:� �R�e�v�i�e�w�s� �i�n� �B�i�o�c�h�e�m�i�c�a�l� �T�o�x�i�c�o�l�o�g�y�.� �H�o�d�g�s�o�n�,� �B�e�n�d� �P�h�i�l�p�o�t� �(�e�d�s�.�)�.� 

�E�l�s�e�v�i�e�r� �N�o�r�t�h� �H�o�l�l�a�n�d�,� �1�9�7�9�:� �1�0�9�-�1�2�3�.� 
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�M�c�C�o�r�d�,� �J�.�M�.� �(�1�9�7�9�)�,� �S�u�p�e�r�o�x�i�d�e�,� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �a�n�d� �o�x�y�g�e�n� �t�o�x�i�c�i�t�y�.� �I�n�:� 

�R�e�v�i�e�w�s� �i�n� �B�i�o�c�h�e�m�i�c�a�l� �T�o�x�i�c�o�l�o�g�y�.� �H�o�d�g�s�o�n�,� �B�e�n�d�,� �P�h�i�l�p�o�t� �(�e�d�s�.�)�.� 

�E�l�s�e�v�i�e�r� �N�o�r�t�h� �H�o�l�l�a�n�d�,� �1�9�7�9�:�1�0�9�-�1�2�3�.� 

�M�c�C�o�r�d�,� �J�.�M�.� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �|�.� �(�1�9�6�9�)�,� �S�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e�.� �A�n� �e�n�z�y�m�a�t�i�c� 

�f�u�n�c�t�i�o�n� �o�f� �e�r�y�t�h�r�o�c�u�p�r�e�i�n� �(�h�e�m�o�c�u�p�r�e�i�n�e�)�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�4�4�:� �6�0�4�9�-� 

�6�0�5�5�.� 

�M�i�s�r�a�,� �H�.� �P�.� �(�1�9�7�4�)�,� �T�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �s�u�p�e�r�o�x�i�d�e� �r�a�d�i�c�a�l� �d�u�r�i�n�g� �a�u�t�o�x�i�d�a�t�i�o�n� �o�f� 

�t�h�i�o�l�s�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�4�9�:� �2�1�5�1�-�2�1�5�5�.� 

�M�i�s�r�a�,� �H�.� �P�.� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �|�.� �(�1�9�7�1�)�,� �T�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �s�u�p�e�r�o�x�i�d�e� �r�a�d�i�c�a�l� 

�d�u�r�i�n�g� �a�u�t�o�x�i�d�a�t�i�o�n� �o�f� �f�e�r�r�e�d�o�x�i�n�s�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� �1�4�6�:� �6�8�8�6�-�6�8�9�0�.� 

�M�i�s�r�a�,� �H�.� �P�.� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �|�.� �(�1�9�7�2�a�)�,� �T�h�e� �u�n�i�v�a�l�e�n�t� �r�e�d�u�c�t�i�o�n� �o�f� �o�x�y�g�e�n� �b�y� 

�r�e�d�u�c�e�d� �f�l�a�v�i�n�s� �a�n�d� �q�u�i�n�o�n�e�s�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� �1�4�7�:� �1�8�8�-�1�9�2�.� 

�M�i�s�r�a�,� �H�.� �P�.� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �I�l�.� �(�1�9�7�2�b�)�,� �T�h�e� �r�o�l�e� �o�f� �s�u�p�e�r�o�x�i�d�e� �a�n�i�o�n� �i�n� �t�h�e� 

�a�u�t�o�x�i�d�a�t�i�o�n� �o�f� �e�p�i�n�e�p�h�r�i�n�e� �a�n�d� �a� �s�i�m�p�l�e� �a�s�s�a�y� �f�o�r� �s�u�p�e�r�o�x�i�d�e� 

�d�i�s�m�u�t�a�s�e�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�4�7�:� �3�1�7�0�-�3�1�7�5�.� 

�M�i�s�r�a�,� �H�.� �P�.� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �|�.� �(�1�9�7�2�c�)�,� �T�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �s�u�p�e�r�o�i�x�d�e� �r�a�d�i�c�a�l� 

�d�u�r�i�n�g� �t�h�e� �a�u�t�o�x�i�d�a�t�i�o�n� �o�f� �h�e�m�o�g�l�o�b�i�n�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�4�7�:� �6�9�6�0�-�6�9�6�2�.� 

�M�o�s�s�,� �J�.� �A�.� �a�n�d� �P�a�t�t�o�n�,� �R�.� �D�.� �(�1�9�7�3�)�,� �A�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s�,� �p�p� �1�5�9�,� �C�h�a�r�l�e�s� �C�.� 

�T�h�o�m�a�s�h�,� �P�u�b�l�i�s�h�e�r�s�,� �S�p�r�i�n�g�f�i�e�l�d�,� �I�l�l�i�n�o�i�s� 

�M�y�e�r�s�,� �L�.�S�.�,� �J�r�.� �(�1�9�7�3�)�,� �F�e�d�.� �P�r�o�c�.� �3�2�:�1�8�8�2�-�1�8�9�4�.� 

�N�i�s�h�i�k�i�m�i�,� �M�.� �a�n�d� �Y�o�g�i�,� �K�.� �(�1�9�7�7�)�,� �O�x�i�d�a�t�i�o�n�s� �o�f� �a�s�c�o�r�b�i�c� �a�c�i�d� �a�n�d� �a�-�t�o�c�o�p�h�e�r�o�l� 

�b�y� �s�u�p�e�r�o�x�i�d�e�.� �I�n�:� �B�i�o�c�h�e�m�i�c�a�l� �a�n�d� �M�e�d�i�c�a�l� �A�s�p�e�c�t�s� �o�f� �A�c�t�i�v�e� �O�x�y�g�e�n�,� 

�e�d�i�t�e�d� �b�y� �H�a�y�a�i�s�h�i�,� �O� �a�n�d� �A�s�a�d�a�,� �K�.� �T�o�k�y�o�,� �U�n�i�v�.� �o�f� �T�o�k�y�o� �P�r�e�s�s�,� �p�.� �7�9�-� 

�8�7�.� 
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�P�a�n�g�a�n�a�m�a�l�a�,� �R�.�V�.�,� �S�h�a�r�m�a�,� �H�.�V�.�,� �H�e�i�k�k�i�l�a�,� �R�.�E�.�,� �G�e�e�r�,� �J�.�C�.� �a�n�d� �C�o�r�n�w�e�l�l�,� �D�.�G�.� 

�(�1�9�7�6�)�,� �P�r�o�s�t�a�g�l�a�n�d�i�n�s�.� �1�1�,� �5�9�9�-�6�0�7� 

�P�a�t�e�l�,� �K�.� �B�.� �a�n�d� �W�i�l�s�o�n�,� �P�.� �L�.� �(�1�9�7�3�)�,� �S�e�m�i�q�u�i�n�o�n�e� �f�r�e�e� �r�a�d�i�c�a�l�s� �a�n�d� �o�x�y�g�e�n�.� �J�.� 

�C�h�e�m�.� �S�o�c�.� �F�a�r�a�d�a�y� �T�r�a�n�s�.� �1�:� �8�1�4�-�8�2�5�.� 

�P�f�e�n�n�i�n�g�,� �N�.� �(�1�9�7�9�)�,� �F�o�r�m�a�t�i�o�n� �o�f� �o�x�y�g�e�n� �a�n�d� �m�i�c�r�o�b�i�a�l� �p�r�o�c�e�s�s�e�s� �e�s�t�a�b�l�i�s�h�i�n�g� 

�a�n�d� �m�a�i�n�t�a�i�n�i�n�g� �a�n�a�e�r�o�b�i�c� �e�n�v�i�r�o�n�m�e�n�t�s�.� �I�n�:� �S�t�r�a�t�e�g�i�e�s� �o�f� �M�i�c�r�o�b�i�a�l� �L�i�f�e� 

�i�n� �E�x�t�r�e�m�e� �E�n�v�i�r�o�n�m�e�n�t�s�.� �S�h�i�l�o�,� �M� �(�e�d�s�)�.� �N�e�w� �Y�o�r�k�,� �V�e�r�l�a�g� �C�h�e�m�i�e�:� 

�1�3�7�-�1�4�8�.� 

�P�y�r�o�r�,� �W�.� �A�.� �(�1�9�7�3�)�,� �F�r�e�e� �r�a�d�i�c�a�l� �r�e�a�c�t�i�o�n�s� �a�n�d� �t�h�e�i�r� �i�m�p�o�r�t�a�n�c�e� �i�n� �b�i�o�l�o�g�i�c�a�l� 

�s�y�s�t�e�m�s�.� �F�e�d�.� �P�r�o�c�.� �3�2�:�1�8�6�2�-�1�8�6�8�.� 

�P�r�y�o�r�,� �W�.� �A�.� �(�1�9�7�7�)�,� �T�h�e� �i�n�v�o�l�v�e�m�e�n�t� �o�f� �f�r�e�e� �r�a�d�i�c�a�l� �r�e�a�c�t�i�o�n�s� �i�n� �a�g�i�n�g� �a�n�d� 

�c�a�r�c�i�n�o�g�e�n�e�s�i�s�.� �I�n�:� �M�e�d�i�c�i�n�a�l� �C�h�e�m�i�s�t�r�y� �V�,� �M�a�t�h�i�e�u�,� �J�.� �E�d�.�,� �E�l�s�e�v�i�e�r�,� 

�A�m�s�t�e�r�d�a�m�,� �p�p�.� �3�3�1�-�3�5�9�.� 

�Q�u�i�n�t�i�l�i�a�n�i�,� �M�.�,� �B�a�d�i�e�l�l�o�,� �R�.�.� �Y�a�m�b�a�,� �M�.�,� �E�s�f�o�n�d�i�,� �A� �a�n�d� �G�a�r�i�n�,� �G�.�(�1�9�7�7�)�,� 

�R�a�d�i�o�l�y�s�i�s� �o�f� �g�l�u�t�a�t�h�i�o�n�e� �i�n� �o�x�y�g�e�n�-�c�o�n�t�a�i�n�i�n�g� �s�o�l�u�t�i�o�n� �o�f� �p�H� �7�.� �/�n�t�.� �J�.� 

�R�a�d�i�a�t�.� �B�i�o�l�.� �3�2�:� �1�9�5�-�2�0�2�.� 

�R�o�s�e�n�,� �G�.� �M�.� �a�n�d� �R�a�u�c�k�m�a�n�,� �E�.� �(�1�9�8�1�)� �T�h�e� �s�p�i�n� �t�r�a�p�p�i�n�g� �o�f� �b�i�o�l�o�g�i�c�a�l�l�y� 

�g�e�n�e�r�a�t�e�d� �f�r�e�e� �r�a�d�i�c�a�l�s�.� �I�n�:� �O�x�y�g�e�n� �a�n�d� �O�x�y�-�r�a�d�i�c�a�l�s� �i�n� �C�h�e�m�i�s�t�r�y� �a�n�d� 

�B�i�o�l�o�g�y�,� �A�c�a�d�e�m�i�c� �P�r�e�s�s�,� �I�n�c�.� �N�e�w� �Y�o�r�k�.� 

�S�a�l�i�n�,� �M�.�L�.�,� �a�n�d� �M�c�C�o�r�d�,� �J�.� �M�.� �(�1�9�7�5�)�,� �F�r�e�e� �R�a�d�i�c�a�l�s� �a�n�d� �I�n�f�l�a�m�m�a�t�i�o�n�.� �J�.� �C�l�i�n�.� 

�I�n�v�e�s�t�.� �5�6�:� �1�3�1�9�-�1�3�2�3�.� 

�S�a�w�y�e�r�,� �D�.� �T�.� �a�n�d� �V�a�l�e�n�t�i�n�e�,� �J�.� �S�.� �(�1�9�8�1�)�,� �H�o�w� �s�u�p�e�r� �i�s� �s�u�p�e�r�o�x�i�d�e�?� �A�c�c�.� 

�C�h�e�m�.� �R�e�s�.� �1�4�:� �3�9�3�-�4�0�0�.� 

�S�o�u�t�h�w�o�r�t�h�,� �J�.� �L�.�,� �M�c�K�u�s�i�c�k�,� �V�.� �A�.�,� �P�i�e�r�c�e�,� �E�.� �C�.�,� �(�1�9�5�0�)�,� �V�e�n�t�r�i�c�u�l�l�a�r� �f�i�b�r�i�l�l�a�t�i�o�n� 

�p�r�e�c�i�p�i�t�a�t�e�d� �b�y� �c�a�r�d�i�a�c� �c�a�t�h�e�t�e�r�i�z�a�t�i�o�n�.� �C�o�m�p�l�e�t�e� �r�e�c�o�v�e�r�y� �o�f� �a� �p�a�t�i�e�n�t� 

�a�f�t�e�r� �f�o�r�t�y�-�f�i�v�e� �m�i�n�u�t�e�s�,� �J�A�M�A�,� �1�4�3�:�2�1� �7�-�2�3�0�.� 
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�T�h�e�t�,� �L�.�A�.� �(�1�9�8�6�)�,� �R�e�p�a�i�r� �o�f� �o�x�y�g�e�n� �i�n�d�u�c�e�d� �l�u�n�g� �I�n�j�u�r�y�,� �I�n�:� �P�h�y�s�i�o�l�o�g�y� �o�f� 

�O�x�y�g�e�n� �R�a�d�i�c�a�l�s�,� �A�m�e�r�i�c�a�n� �P�h�y�s�i�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y� �B�e�t�h�e�s�d�a�,� 

�M�a�r�y�l�a�n�d�,�8�7�-�1�0�8�.� �|� 
�T�y�l�e�r�,� �D�.�D�.� �(�1�9�7�5�)� �F�E�B�S� �L�e�t�t�.� �5�1�:� �1�8�0�-�1�8�3� 

�V�a�u�g�h�a�n� �W�.� �E�.� �M�.�,� �(�1�9�7�5�)�,� �P�h�a�r�m�a�c�o�l�.� �T�h�e�r�a�u�p�.� �B�.�,� �1�,� �1�1�5�.� 

�W�a�l�l�i�n�g�,� �C�.�,� �P�a�r�t�c�h�,� �R�.� �E�.� �a�n�d� �W�e�i�l�,� �T�.� �(�1�9�7�5�)�,� �P�r�o�c�.� �N�a�t�l�.� �A�c�a�d�.� �S�c�i�.� �U�.�S�.�A�.� �7�2�,� 

�1�4�0�-�1�4�2�.� 

�W�e�i�s�s�,� �J�.� �(�1�9�4�7�)�,� �D�i�s�c�.� �F�a�r�a�d�a�y� �S�o�c�.� �2�,� �2�1�7�-�2�1�8�.�.� 

�W�e�s�t�,� �J�.�B�.� �(�1�9�7�9�)�,� �R�e�s�p�i�r�a�t�o�r�y� �P�h�y�s�i�o�l�o�g�y�,� �B�a�l�t�i�m�o�r�e�,� �W�i�l�l�i�a�m�s� �a�n�d� �W�i�l�k�i�n�s�.� 

�W�i�e�l�d�i�n�g�,� �S�.� �(�1�9�6�4�)�,�.� �X�y�l�o�c�a�i�n�e�:� �T�h�e� �p�h�a�r�m�a�c�o�l�o�g�i�c� �b�a�s�i�s� �o�f� �i�t�s� �c�l�i�n�i�c�a�l� �u�s�e�,� �2�n�d� 

�E�d�.� �S�t�o�c�k�h�o�l�m�,� �A�l�m�q�u�i�s�t� �&� �W�i�l�k�s�e�l�l�,� �1�9�6�4�.� 
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�C�H�A�P�T�E�R�-�I�I� 

�L�I�D�O�C�A�I�N�E�:� �A� �H�Y�D�R�O�X�Y�L� �R�A�D�I�C�A�L� �S�C�A�V�E�N�G�E�R� �A�N�D� �S�I�N�G�L�E�T� 

�O�X�Y�G�E�N� �Q�U�E�N�C�H�E�R� 

�(�A�c�c�e�p�t�e�d� �f�o�r� �p�u�b�l�i�c�a�t�i�o�n� �i�n� �M�o�l�e�c�u�l�a�r� �a�n�d� �C�e�l�l�u�l�a�r� �B�i�o�c�h�e�m�i�s�t�r�y�)� 

�A�B�S�T�R�A�C�T� 

�L�i�d�o�c�a�i�n�e�,� �a� �l�o�c�a�l� �a�n�a�e�s�t�h�e�t�i�c�,� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �r�e�d�u�c�e� �v�e�n�t�r�i�c�u�l�a�r� 

�a�r�r�h�y�t�h�m�i�a�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �m�y�o�c�a�r�d�i�a�l� �i�n�f�a�r�c�t�i�o�n� �a�n�d� �i�s�c�h�e�m�i�c� �m�y�o�c�a�r�d�i�a�l� 

�i�n�j�u�r�y� �a�n�d� �i�t�s� �p�r�o�t�e�c�t�i�v�e� �e�f�f�e�c�t�s� �h�a�v�e� �b�e�e�n� �a�t�t�r�i�b�u�t�e�d� �t�o� �i�t�s� �m�e�m�b�r�a�n�e� �s�t�a�b�i�l�i�z�i�n�g� 

�p�r�o�p�e�r�t�i�e�s�.� �S�i�n�c�e� �o�x�y�g�e�n� �r�a�d�i�c�a�l�s� �a�r�e� �k�n�o�w�n� �t�o� �b�e� �p�r�o�d�u�c�e�d� �d�u�r�i�n�g� �i�s�c�h�e�m�i�a� 

�i�n�d�u�c�e�d� �t�i�s�s�u�e� �d�a�m�a�g�e�,� �w�e� �h�a�v�e� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �p�o�s�s�i�b�l�e� �a�n�t�i�o�x�i�d�a�n�t� 

�p�r�o�p�e�r�t�i�e�s� �o�f� �l�i�d�o�c�a�i�n�e� �a�n�d� �f�o�u�n�d� �t�h�a�t� �l�i�d�o�c�a�i�n�e� �d�o�e�s� �n�o�t� �s�c�a�v�e�n�g�e� �O�o�-�-� �r�a�d�i�c�a�l�s� 

�a�t� �1� �t�o� �2�0�m�M� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� �H�o�w�e�v�e�r�,� �l�i�d�o�c�a�i�n�e� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �a� �p�o�t�e�n�t� 

�s�c�a�v�e�n�g�e�r� �o�f� �h�y�d�r�o�x�y�!� �r�a�d�i�c�a�l�s� �a�n�d� �s�i�n�g�l�e�t� �o�x�y�g�e�n�.� �H�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �w�e�r�e� 

�p�r�o�d�u�c�e�d� �i�n� �a� �F�e�n�t�o�n� �t�y�p�e� �r�e�a�c�t�i�o�n� �a�n�d� �d�e�t�e�c�t�e�d� �a�s� �D�M�P�O�-�O�H� �a�d�d�u�c�t�s� �b�y� 

�e�l�e�c�t�r�o�n� �p�a�r�a�m�a�g�n�e�t�i�c� �r�e�s�o�n�a�n�c�e� �s�p�e�c�t�r�o�s�c�o�p�i�c� �t�e�c�h�n�i�q�u�e�s�.� �L�i�d�o�c�a�i�n�e� 

�i�n�h�i�b�i�t�e�d� �D�M�P�O�-�O�H� �a�d�d�u�c�t� �f�o�r�m�a�t�i�o�n� �i�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r�.� �T�h�e� 

�a�m�o�u�n�t� �o�f� �l�i�d�o�c�a�i�n�e� �n�e�e�d�e�d� �t�o� �c�a�u�s�e� �5�0�%� �i�n�h�i�b�i�t�i�o�n� �o�f� �t�h�a�t� �r�a�t�e� �w�a�s� �f�o�u�n�d� �t�o� �b�e� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �8�0�M� �a�n�d� �a�t� �3�0�0�u�M� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�t� �v�i�r�t�u�a�l�l�y� �e�l�i�m�i�n�a�t�e�d� �t�h�e� 

�D�M�P�O�-�O�H� �a�d�d�u�c�t� �f�o�r�m�a�t�i�o�n�.� �T�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �O�H�-�-�d�e�p�e�n�d�e�n�t� �T�B�A� �r�e�a�c�t�i�v�e� 

�p�r�o�d�u�c�t�s� �o�f� �d�e�o�x�y�r�i�b�o�s�e� �w�a�s� �a�l�s�o� �i�n�h�i�b�i�t�e�d� �b�y� �l�i�d�o�c�a�i�n�e� �i�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� 

�m�a�n�n�e�r�.� �L�i�d�o�c�a�i�n�e� �w�a�s� �a�l�s�o� �f�o�u�n�d� �t�o� �i�n�h�i�b�i�t� �t�h�e� �1�0�2�-�d�e�p�e�n�d�e�n�t� �2�,�2�,�6�,�6�-� 
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�t�e�t�r�a�m�e�t�h�y�l�p�i�p�e�r�i�d�i�n�e� �N�-�o�x�y�l� �(�T�E�M�P�O�)� �f�o�r�m�a�t�i�o�n� �i�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r�.� 

�1�0�2� �w�a�s� �p�r�o�d�u�c�e�d� �i�n� �a� �p�h�o�t�o�s�e�n�s�i�t�i�z�i�n�g� �s�y�s�t�e�m� �u�s�i�n�g� �R�o�s�e� �B�e�n�g�a�l� �o�r� 

�M�e�t�h�y�l�e�n�e� �B�l�u�e� �a�s� �p�h�o�t�o�s�e�n�s�i�t�i�z�e�r�s� �a�n�d� �w�a�s� �d�e�t�e�c�t�e�d� �a�s� �T�E�M�P�-�1�0�2� �a�d�d�u�c�t� �b�y� 

�E�P�R� �s�p�e�c�t�r�o�s�c�o�p�y�.� �T�h�e� �a�m�o�u�n�t� �o�f� �l�i�d�o�c�a�i�n�e� �r�e�q�u�i�r�e�d� �t�o� �c�a�u�s�e� �5�0�%� �i�n�h�i�b�i�t�i�o�n� �o�f� 

�T�E�M�P�-�1�0�O�>� �a�d�d�u�c�t� �f�o�r�m�a�t�i�o�n� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �5�0�0�M�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �s�u�g�g�e�s�t� �t�h�a�t� 

�t�h�e� �p�r�o�t�e�c�t�i�v�e� �e�f�f�e�c�t� �o�f� �l�i�d�o�c�a�i�n�e� �o�n� �m�y�o�c�a�r�d�i�a�l� �i�n�j�u�r�y� �m�a�y�,� �i�n� �p�a�r�t�,� �b�e� �d�u�e� �t�o� �i�t�s� 

�r�e�a�c�t�i�v�e� �o�x�y�g�e�n� �s�c�a�v�e�n�g�i�n�g� �p�r�o�p�e�r�t�i�e�s�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �m�a�y� �a�l�s�o� �e�x�p�l�a�i�n� �t�h�e� 

�"�m�e�m�b�r�a�n�e� �s�t�a�b�i�l�i�z�i�n�g� �a�c�t�i�o�n�s�"� �o�f� �l�i�d�o�c�a�i�n�e� �b�y� �s�c�a�v�e�n�g�i�n�g� �O�H�.� �a�n�d� �1�0�O�o� �t�h�a�t� 

�a�r�e� �i�m�p�l�i�c�a�t�e�d� �i�n� �m�e�m�b�r�a�n�e� �l�i�p�i�d� �p�e�r�o�x�d�a�t�i�o�n�.� 
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�I�N�T�R�O�D�U�C�T�I�O�N� 

�A� �m�a�j�o�r� �c�o�n�c�e�r�n� �d�u�r�i�n�g� �c�a�r�d�i�o�p�u�l�m�o�n�a�r�y� �b�y�p�a�s�s� �p�r�o�c�e�d�u�r�e�s� �i�s� 

�m�i�n�i�m�i�z�i�n�g� �i�s�c�h�e�m�i�c� �d�a�m�a�g�e� �t�o� �t�h�e� �m�y�o�c�a�r�d�i�u�m�,� �t�h�e�r�e�b�y� �a�v�o�i�d�i�n�g� �d�e�p�r�e�s�s�e�d� 

�m�y�o�c�a�r�d�i�a�l� �p�e�r�f�o�r�m�a�n�c�e� �i�n� �t�h�e� �p�o�s�t� �o�p�e�r�a�t�i�v�e�-�p�e�r�i�o�d�.� �M�e�m�b�r�a�n�e� �s�t�a�b�i�l�i�z�i�n�g� 

�a�g�e�n�t�s� �h�a�v�e� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �a�s� �a� �m�e�a�n�s� �o�f� �r�e�d�u�c�i�n�g� �i�s�c�h�e�m�i�c� �m�y�o�c�a�r�d�i�a�l� 

�d�a�m�a�g�e�.� �L�i�d�o�c�a�i�n�e� �(�d�-�d�i�e�t�h�y�l�-�a�m�i�n�o�-�2�,� �6�-�a�c�e�t�o�x�y�l�i�d�i�d�e�)�,� �a� �l�o�c�a�l� �a�n�a�e�s�t�h�e�t�i�c�,� 

�h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �c�l�i�n�i�c�a�l�l�y� �v�a�l�u�a�b�l�e� �f�o�r� �t�h�e� �t�r�e�a�t�m�e�n�t� �a�n�d� �p�r�e�v�e�n�t�i�o�n� �o�f� 

�v�e�n�t�r�i�c�u�l�a�r� �a�r�r�h�y�t�h�m�i�a�s� �o�c�c�u�r�r�i�n�g� �a�f�t�e�r� �m�y�o�c�a�r�d�i�a�l� �i�n�f�a�r�c�t�i�o�n� �a�n�d� �c�a�r�d�i�a�c� 

�s�u�r�g�e�r�y� �(�1�-�4�)�.� �M�o�r�e� �r�e�c�e�n�t�l�y� �l�i�d�o�c�a�i�n�e� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �r�e�d�u�c�e� �m�y�o�c�a�r�d�i�a�l� 

�i�n�f�r�a�c�t� �s�i�z�e� �(�5�)� �a�n�d� �i�s�c�h�e�m�i�c� �m�y�o�c�a�r�d�i�a�l� �i�n�j�u�r�y� �(�6�)�.� �I�t� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�h�a�t� 

�l�i�d�o�c�a�i�n�e� �i�s� �r�a�p�i�d�l�y� �a�n�d� �e�x�t�e�n�s�i�v�e�l�y� �m�e�t�a�b�o�l�i�z�e�d� �(�o�v�e�r� �9�0�%�)� �i�n�t�o� 

�m�o�n�o�e�t�h�y�l�g�l�y�c�y�l�x�y�l�i�d�i�d�e� �a�n�d� �g�l�y�c�y�l�x�y�l�i�d�i�d�e� �w�h�i�c�h� �m�a�y� �a�l�s�o� �h�a�v�e� �a�n�t�i�a�r�r�y�t�h�m�i�c� 

�a�c�t�i�v�i�t�y� �(�7�)�.�P�r�o�l�o�n�g�e�d� �i�s�c�h�e�m�i�a� �s�u�c�h� �a�s� �t�h�a�t� �f�o�l�l�o�w�i�n�g� �m�y�o�c�a�r�d�i�a�l� �i�n�f�a�r�c�t�i�o�n� �o�r� 

�o�c�c�u�r�r�i�n�g� �d�u�r�i�n�g� �l�o�n�g�-�t�e�r�m� �c�o�r�o�n�a�r�y� �b�y�p�a�s�s� �p�r�o�c�e�d�u�r�e�s� �c�a�u�s�e�s� �s�e�r�i�o�u�s� 

�d�a�m�a�g�e� �t�o� �t�h�e� �m�y�o�c�a�r�d�i�u�m�.� �I�t� �h�a�s� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �f�r�e�e� �r�a�d�i�c�a�l�s� �a�r�e� 

�i�n�v�o�l�v�e�d� �i�n� �t�h�e� �p�a�t�h�o�-�p�h�y�s�i�o�l�o�g�y� �o�f� �i�s�c�h�e�m�i�a�-�i�n�d�u�c�e�d� �t�i�s�s�u�e� �d�a�m�a�g�e� �(�8�-�1�1�)�.� 

�D�u�r�i�n�g� �i�s�c�h�e�m�i�a�,� �i�n�c�r�e�a�s�e�d� �r�e�d�u�c�i�n�g� �e�q�u�i�v�a�l�e�n�t�s� �a�r�e� �p�r�o�d�u�c�e�d�(�8�)� �d�u�e� �t�o� �t�h�e� 

�d�e�c�r�e�a�s�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �o�x�y�g�e�n�,� �a�n�d� �t�h�i�s� �m�a�y� �f�a�v�o�r� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� 

�s�u�p�e�r�o�x�i�d�e� �a�n�i�o�n� �a�n�d� �o�t�h�e�r� �f�r�e�e� �r�a�d�i�c�a�l� �s�p�e�c�i�e�s� �u�p�o�n� �r�e�o�x�y�g�e�n�a�t�i�o�n� �(�9�)�.� �T�h�e� 

�g�e�n�e�r�a�t�i�o�n� �o�f� �s�h�o�r�t�-�l�i�v�e�d� �f�r�e�e� �r�a�d�i�c�a�l�s�,� �l�i�k�e� �s�u�p�e�r�o�x�i�d�e� �a�n�i�o�n�,� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� 

�a�n�d� �c�a�r�b�o�n�-�c�e�n�t�e�r�e�d� �r�a�d�i�c�a�l�s�,� �h�a�v�e� �b�e�e�n� �o�b�s�e�r�v�e�d� �d�u�r�i�n�g� �m�y�o�c�a�r�d�i�a�l� �i�s�c�h�e�m�i�a� 

�a�n�d� �i�n� �p�o�s�t�-�i�s�c�h�e�m�i�c� �r�e�p�e�r�f�u�s�e�d� �m�y�o�c�a�r�d�i�u�m�(�1�3�-�1�4�)�.� �S�i�n�c�e� �l�i�d�o�c�a�i�n�e� �h�a�s� �a� 

�p�r�o�t�e�c�t� �v�e� �r�o�l�e� �i�n� �i�s�c�h�e�m�i�c� �m�y�o�c�a�r�d�i�a�l� �d�a�m�a�g�e� �(�1�5�-�1�7�,� �1�9�)�,� �a�n�d� �h�a�s� �b�e�e�n� �u�s�e�d� 

�i�n� �c�a�r�d�i�o�p�l�e�g�i�c� �s�o�l�u�t�i�o�n�s� �(�2�6�)�,� �w�e� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �p�o�s�s�i�b�l�e� �a�n�t�i�o�x�i�d�a�n�t� 
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�p�r�o�p�e�r�t�i�e�s� �o�f� �l�i�d�o�c�a�i�n�e�.� �W�e� �r�e�p�o�r�t� �h�e�r�e� �e�v�i�d�e�n�c�e� �o�f� �s�i�n�g�l�e�t� �o�x�y�g�e�n� �q�u�e�n�c�h�i�n�g� 

�a�n�d� �t�h�e� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� �s�c�a�v�e�n�g�i�n�g� �p�r�o�p�e�r�t�i�e�s� �o�f� �l�i�d�o�c�a�i�n�e� �a�s� �d�e�t�e�c�t�e�d� �b�y� 

�c�o�l�o�r�i�m�e�t�r�i�c� �a�n�d� �s�p�i�n� �t�r�a�p�p�i�n�g� �E�P�R� �s�p�e�c�t�r�o�s�c�o�p�i�c� �t�e�c�h�n�i�q�u�e�s�.� 
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�M�A�T�E�R�I�A�L�S� �A�N�D� �M�E�T�H�O�D�S� 

�5�,�5�-�d�i�m�e�t�h�y�l�-�1�-�p�y�r�r�o�l�i�n�e� �N�-� �o�x�i�d�e� �(�D�M�P�O�)� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �S�i�g�m�a� 

�C�h�e�m�i�c�a�l� �C�o�.� �T�h�e� �D�M�P�O� �w�a�s� �f�u�r�t�h�e�r� �p�u�r�i�f�i�e�d� �b�y� �s�t�i�r�r�i�n�g� �a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n�s� �o�f� 

�D�M�P�O� �(�9�0�0�m�M�)� �w�i�t�h� �a�c�t�i�v�a�t�e�d� �c�h�a�r�c�o�a�l� �a�t� �1�0� �m�g�/�m�l� �a�n�d� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �0�.�2�2�u� 

�M�i�l�l�i�p�o�r�e� �f�i�l�t�e�r� �c�a�t�r�i�d�g�e�s� �a�n�d� �c�e�n�t�r�i�f�u�g�e�d� �a�t� �1�0�0�0� �X� �g� �f�o�r� �2� �m�i�n�u�t�e�s�.� �T�h�e� �p�u�r�i�f�i�e�d� 

�D�M�P�O� �d�i�d� �n�o�t� �g�i�v�e� �a�n�y� �E�P�R� �s�i�g�n�a�l� �w�h�e�n� �s�c�a�n�n�e�d� �a�t� �a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� 

�1�.�1�2�m�M�.� 

�R�o�s�e� �b�e�n�g�a�l�,� �m�e�t�h�y�l�e�n�e� �b�l�u�e�,� �b�o�v�i�n�e� �e�r�y�t�h�r�o�c�y�t�e� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e�,� 

�c�y�t�o�c�h�r�o�m�e� �c� �(�T�y�p�e� �I�l�l�)�,� �h�i�s�t�i�d�i�n�e�,� �m�a�n�n�i�t�o�l�,� �t�h�i�o�u�r�e�a�,� �x�a�n�t�h�i�n�e�,� �x�a�n�t�h�i�n�e� 

�o�x�i�d�a�s�e�,� �l�i�d�o�c�a�i�n�e�,� �d�e�o�x�y�r�i�b�o�s�e�,� �t�h�i�o�b�a�r�b�i�t�u�r�i�c� �a�c�i�d� �(�T�B�A�)�,� �t�r�i�c�h�l�o�r�o�a�c�e�t�i�c� �a�c�i�d� 

�(�T�C�A�)�,� �f�e�r�r�o�u�s� �s�u�l�f�a�t�e�,� �B�-�c�a�r�o�t�e�n�e�,� �b�o�r�i�c� �a�c�i�d�,� �s�o�d�i�u�m� �b�o�r�a�t�e� �a�n�d� �h�y�d�r�o�g�e�n� 

�p�e�r�o�x�i�d�e� �w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �S�i�g�m�a� �C�h�e�m�i�c�a�l� �C�o�m�p�a�n�y�.� �2�,�2�,�6�,�6�-� 

�T�e�t�r�a�m�e�t�h�y�l�p�i�p�e�r�i�d�i�n�e� �(�T�E�M�P�)� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �A�l�d�r�i�c�h�.� �L�i�d�o�c�a�i�n�e� �w�a�s� 

�d�i�s�s�o�l�v�e�d� �i�n� �0�.�1�N� �H�C�I� �a�n�d� �a�d�j�u�s�t�e�d� �t�o� �p�H� �7�.�8� �b�y� �b�o�r�i�c� �a�c�i�d�-�b�o�r�a�x� �b�u�f�f�e�r�.� 

�H�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �i�n� �a� �F�e�n�t�o�n� �t�y�p�e� �r�e�a�c�t�i�o�n� �a�n�d� �w�e�r�e� 

�d�e�t�e�c�t�e�d� �a�s� �D�M�P�O�-�O�H� �a�d�d�u�c�t�.� �T�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�r�e�a�g�e�n�t�s� �a�t� �t�h�e� �f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�:� �3�1�u�M� �H�2�O�o�2�,� �3�3�.�2�u�M� �f�e�r�r�o�u�s� �s�u�l�f�a�t�e�,� 

�0�.�8�3�m�M� �E�D�T�A�,� �1�.�1�2�m�M� �p�u�r�i�f�i�e�d� �D�M�P�O� �i�n� �0�.�2�M� �b�o�r�i�c� �a�c�i�d�-�b�o�r�a�x� �b�u�f�f�e�r� �p�H� �7�.�8� �.� 

�T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �i�n�i�t�i�a�t�e�d� �b�y� �a�d�d�i�n�g� �f�e�r�r�o�u�s� �s�u�l�f�a�t�e�.� �V�a�r�i�o�u�s� �l�e�v�e�l�s� �o�f� �l�i�d�o�c�a�i�n�e�,� 

�o�r� �o�t�h�e�r� �s�c�a�v�e�n�g�e�r�s� �o�f� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �a�b�o�v�e� �s�y�s�t�e�m�.� 

�L�i�d�o�c�a�i�n�e� �d�i�d� �n�o�t� �r�e�a�c�t� �w�i�t�h� �H�2�Q�O�2� �a�t� �i�n�d�i�c�a�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� �T�h�i�s� �i�s� �i�n� 

�a�g�r�e�e�m�e�n�t� �w�i�t�h� �p�r�e�v�i�o�u�l�s�y� �r�e�p�o�r�t�e�d� �s�t�u�d�i�e�s� �(�2�0�)�.� �L�i�d�o�c�a�i�n�e� �h�a�d� �a�l�s�o� �n�o� �e�f�f�e�c�t� 

�o�n� �t�h�e� �s�t�a�b�i�l�i�t�y� �o�f� �D�M�P�O�-�O�H� �a�d�d�u�c�t�.� �T�h�e� �a�d�d�u�c�t� �r�e�m�a�i�n�e�d� �s�t�a�b�l�e� �f�o�r� �a�t� �l�e�a�s�t� �3�0� 
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�m�i�n�u�t�e�s�.� �A�d�d�i�t�i�o�n� �o�f� �3�0�0� �u�M� �l�i�d�o�c�a�i�n�e� �t�o� �t�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �a�t� �t�h�e� �e�n�d� �o�f� �1�0� 

�m�i�n�u�t�e�s� �i�n�c�u�b�a�t�i�o�n� �h�a�d� �t�r�i�v�i�a�l� �e�f�f�e�c�t� �o�n� �t�h�e� �a�b�o�v�e� �a�d�d�u�c�t�.� �T�h�e� �s�t�u�d�i�e�s� �w�e�r�e� 

�r�e�p�e�a�t�e�d� �f�o�r� �a�t� �l�e�a�s�t� �t�h�r�e�e� �t�i�m�e�s�.� �T�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �w�a�s� 

�o�b�s�e�r�v�e�d� �a�s� �D�M�P�O�-�O�H� �a�d�d�u�c�t� �o�n� �a� �B�r�u�k�e�r� �D�-�2�0�0� �X�-�B�a�n�d� �E�P�R� �s�p�e�c�t�r�o�m�e�t�e�r�.� 

�S�c�a�n� �c�o�n�d�i�t�i�o�n�s�,� �u�n�l�e�s�s� �i�n�d�i�c�a�t�e�d� �o�t�h�e�r�w�i�s�e�,� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� �m�i�c�r�o�w�a�v�e� 

�f�r�e�q�u�e�n�c�y�,� �9�.�7�8� �K�H�z�;� �p�o�w�e�r�,� �1�0�m�W�;� �m�o�d�u�l�a�t�i�o�n� �a�m�p�l�i�t�u�d�e� �1�.�0�;� �m�o�d�u�l�a�t�i�o�n� 

�f�r�e�q�u�e�n�c�y�,� �1�0�0� �K�H�z�;� �t�i�m�e� �c�o�n�s�t�a�n�t�,� �0�.�6�4�s�,� �s�c�a�n� �t�i�m�e� �2�0�0�s�;� �r�e�c�e�i�v�e�r� �g�a�i�n� �4�.�0� 

�X�1�0�°� �;� �f�i�e�l�d� �s�e�t�t�i�n�g� �3�4�8�3�G�.� 

�H�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �a�r�e� �k�n�o�w�n� �t�o� �d�a�m�a�g�e� �d�e�o�x�y�r�i�b�o�s�e� �w�h�i�c�h� �i�n� �t�u�r�n� 

�p�r�o�d�u�c�e�s� �a� �T�B�A� �r�e�a�c�t�i�v�e� �c�h�r�o�m�o�g�e�n� �t�h�a�t� �c�a�n� �b�e� �m�o�n�i�t�o�r�e�d� �a�t� �5�3�5�n�m� �(�2�1�)�.� 

�T�h�e� �r�e�a�c�t�i�o�n� �s�y�s�t�e�m� �c�o�n�t�a�i�n�e�d� �1�.�6�m�M� �d�e�o�x�y�r�i�b�o�s�e� �i�n� �p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r�e�d� 

�s�a�l�i�n�e�,� �p�H� �7�.�4�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �i�n�i�t�i�a�t�e�d� �b�y� �a�d�d�i�n�g� �f�r�e�s�h�l�y� �p�r�e�p�a�r�e�d� �f�e�r�r�o�u�s� 

�a�m�m�o�n�i�u�m� �s�u�l�f�a�t�e� �(�4�2� �u�M�)� �a�n�d� �t�h�e� �m�i�x�t�u�r�e� �w�a�s� �i�n�c�u�b�a�t�e�d� �a�t� �3�7�9�C� �f�o�r� �1�5� 

�m�i�n�u�t�e�s�.� �O�n�e� �m�l� �o�f� �1�%�(�w�/�v�)� �T�B�A� �w�a�s� �a�d�d�e�d� �a�l�o�n�g� �w�i�t�h� �1� �m�l� �o�f� �2�.�8�%� �(�w�/�v�)�T�C�A�.� 

�T�h�e� �m�i�x�t�u�r�e� �w�a�s� �h�e�a�t�e�d� �a�t� �1�0�0�°�C� �f�o�r� �1�0� �m�i�n�u�t�e�s�,� �c�o�o�l�e�d� �a�n�d� �t�h�e� �c�h�r�o�m�o�g�e�n� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �a� �S�h�i�m�a�d�z�u� �1�6�0�U�V� �s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �a�t� 

�5�3�5�n�m�.� �L�i�d�o�c�a�i�n�e� �h�a�d� �n�o� �e�f�f�e�c�t� �o�n� �t�h�e� �c�h�r�o�m�o�g�e�n� �w�h�e�n� �a�d�d�e�d� �a�f�t�e�r� �t�h�e� 

�i�n�c�u�b�a�t�i�o�n� �a�n�d� �b�e�f�o�r�e� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �T�B�A� �a�n�d� �T�C�A�.� 

�P�h�o�t�o�l�y�s�i�s� �s�t�u�d�i�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�,� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� 

�o�f� �d�i�s�s�o�l�v�e�d� �a�i�r�,� �i�n� �q�u�a�r�t�z� �c�a�p�i�l�l�a�r�y� �t�u�b�e�s�.� �S�a�m�p�l�e�s� �w�e�r�e� �i�r�r�a�d�i�a�t�e�d� �f�o�r� �5� 

�m�i�n�u�t�e�s� �a�t� �a� �d�i�s�t�a�n�c�e� �o�f� �3�0� �c�m� �f�r�o�m� �t�h�e� �l�e�n�s� �o�f� �a� �V�i�e�w�l�e�x� �V�R�-�2�5� �r�e�m�o�t�e� 

�c�o�n�t�r�o�l�l�e�d� �s�l�i�d�e� �p�r�o�j�e�c�t�o�r�.� �E�P�R� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �m�a�d�e� �o�n�a� �_� �B�r�u�k�e�r� �D�-�2�0�0� 

�X�-�B�a�n�d� �s�p�e�c�t�r�o�m�e�t�e�r� �u�s�i�n�g� �a� �m�a�g�n�e�t�i�c� �f�i�e�l�d� �m�o�d�u�l�a�t�i�o�n� �f�r�e�q�u�e�n�c�y� �o�f� �1�0�0�K�H�z�.� 

�T�h�e� �m�i�c�r�o�w�a�v�e� �p�o�w�e�r� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �a�t� �1�0� �m�i�l�l�i�w�a�t�t�s� �a�n�d� �s�c�a�n�s� �w�e�r�e� �t�r�a�c�e�d� 
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�w�i�t�h� �a� �m�o�d�u�l�a�t�i�o�n� �a�m�p�l�i�t�u�d�e� �o�f� �1�.�0�G�,� �t�i�m�e� �c�o�n�s�t�a�n�t� �o�f� �0�.�6�4�s�,� �s�c�a�n� �r�a�t�e� �o�f� �2�0�0�s�,� 

�a�n�d� �t�h�e� �r�e�c�e�i�v�e�r� �g�a�i�n� �o�f� �4�X�1�0�°�.� 
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�R�E�S�U�L�T�S� 

�E�f�f�e�c�t�s� �o�f� �l�i�d�o�c�a�i�n�e� �o�n� �S�u�p�e�r�o�x�i�d�e� �A�n�i�o�n�:� 

�S�u�p�e�r�o�x�i�d�e� �a�n�i�o�n� �(�O�2�-�)� �i�s� �k�n�o�w�n� �t�o� �b�e� �p�r�o�d�u�c�e�d� �w�h�e�n� �x�a�n�t�h�i�n�e� �o�x�i�d�a�s�e� 

�a�c�t�s� �o�n� �x�a�n�t�h�i�n�e� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �m�o�l�e�c�u�l�a�r� �o�x�y�g�e�n�.� �T�h�e� �O�o�-� �r�a�d�i�c�a�l�s� �s�o� 

�g�e�n�e�r�a�t�e�d� �c�a�n� �r�e�d�u�c�e� �f�e�r�r�i�c�y�t�o�c�h�r�o�m�e� �c�.� �S�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �i�n�h�i�b�i�t�s� �t�h�i�s� 

�r�e�a�c�t�i�o�n� �b�y� �e�f�f�e�c�t�i�v�e�l�y� �c�o�m�p�e�t�i�n�g� �w�i�t�h� �f�e�r�r�i�c�y�t�o�c�h�r�o�m�e� �c� �f�o�r� �t�h�e� �f�l�u�x� �o�f� �O�g�-�.� �T�h�i�s� 

�r�e�a�c�t�i�o�n� �h�a�s� �b�e�e�n� �u�s�e�d� �a�s� �a� �c�o�n�v�e�n�i�e�n�t� �a�s�s�a�y� �f�o�r� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �(�2�2�)�.� 

�W�h�e�n� �1�0�°�9�M� �x�a�n�t�h�i�n�e� �o�x�i�d�a�s�e� �w�a�s� �a�d�d�e�d� �t�o� �1�0�°�5�M� �f�e�r�r�i�c�y�t�o�c�h�r�o�m�e� �c�,� �5� �X� �1�0�°�°�M� 

�x�a�n�t�h�i�n�e� �i�n� �0�.�0�5�M� �p�o�t�a�s�s�i�u�m� �p�h�o�s�p�h�a�t�e�,� �p�H� �7�.�8� �p�l�u�s� �1�0�°�4�M� �E�D�T�A� �a�n�d� �w�a�s� 

�m�o�n�i�t�o�r�e�d� �a�t� �5�5�0�n�m�,� �a� �l�i�n�e�a�r� �r�a�t�e� �o�f� �r�e�d�u�c�t�i�o�n� �o�f� �f�e�r�r�i�c�y�t�o�c�h�r�o�m�e� �c� �w�a�s� 

�o�b�s�e�r�v�e�d� �(�A�A�b�s� �a�t� �0�.�0�2�5�/�m�i�n�)� �f�o�r� �a�t� �l�e�a�s�t� �5� �m�i�n�u�t�e�s� �a�n�d� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �a�t� 

�O�.�1�u�g�/�m�l� �i�n�h�i�b�i�t�e�d� �t�h�i�s� �r�a�t�e� �b�y� �5�0�%�,� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e� �r�e�d�u�c�t�i�o�n� �o�f� 

�f�e�r�r�i�c�y�t�o�c�h�r�o�m�e� �c� �w�a�s� �d�e�p�e�n�d�e�n�t� �o�n� �O�o�.� �W�e� �t�e�s�t�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �l�i�d�o�c�a�i�n�e� �i�n� 

�t�h�i�s� �s�y�s�t�e�m� �a�s� �p�o�s�s�i�b�l�e� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �m�i�m�i�c�s�.� �L�i�d�o�c�a�i�n�e� �a�t� �1� �t�o� �2�0�m�M� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �d�i�d� �n�o�t� �i�n�h�i�b�i�t� �t�h�e� �r�a�t�e� �o�f� �f�e�r�r�i�c�y�t�o�c�h�r�o�m�e� �c� �r�e�d�u�c�t�i�o�n�.� �W�e� �f�u�r�t�h�e�r� 

�t�e�s�t�e�d� �t�h�e� �O�o�-� �s�c�a�v�e�n�g�i�n�g� �a�c�t�i�v�i�t�i�e�s� �o�f� �l�i�d�o�c�a�i�n�e� �i�n� �a�n� �e�p�i�n�e�p�h�r�i�n�e� �a�u�t�o�x�i�d�a�t�i�o�n� 

�a�s�s�a�y�.� �T�h�u�s�,� �w�h�e�n� �2�.�8�m�M� �e�p�i�n�e�p�h�r�i�n�e� �w�a�s� �a�d�d�e�d� �t�o� �a� �0�.�0�5�M� �b�i�c�a�r�b�o�n�a�t�e� 

�b�u�f�f�e�r� �a�t� �p�H� �1�0�.�2� �a�n�d� �m�o�n�i�t�o�r�e�d� �a�t� �4�8�0�n�m� �(�2�3�)� �a� �l�i�n�e�a�r� �r�a�t�e� �o�f� �a�c�c�u�m�u�l�a�t�i�o�n� �o�f� 

�a�d�r�e�n�o�c�h�r�o�m�e�,� �a�f�t�e�r� �a� �s�h�o�r�t� �l�a�g�,� �w�a�s� �o�b�s�e�r�v�e�d�.� �L�i�d�o�c�a�i�n�e� �d�i�d� �n�o�t� �i�n�h�i�b�i�t� �t�h�e� 

�r�a�t�e� �o�f� �a�d�r�e�n�o�c�h�r�o�m�e� �f�o�r�m�a�t�i�o�n� �a�t� �1� �a�n�d� �2�0�m�M�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e� �t�h�a�t� 

�l�i�d�o�c�a�i�n�e� �i�s� �n�o�t� �a�n� �e�f�f�e�c�t�i�v�e� �s�u�p�e�r�o�x�i�d�e� �s�c�a�v�e�n�g�e�r�.� 
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�E�f�f�e�c�t�s� �o�f� �L�i�d�o�c�a�i�n�e� �o�n� �H�y�d�r�o�x�y�l� �R�a�d�i�c�a�l�:� 

�T�h�e� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �g�e�n�e�r�a�t�e�d� �i�n� �a� �F�e�n�t�o�n� �t�y�p�e� �s�y�s�t�e�m� �(� �F�e�@�+� �+� �H�2�O�¢� �-�-� 

�>� �O�H�:� �+� �O�H�-� �+� �F�e�8�*�)� �y�i�e�l�d� �a� �s�p�i�n� �a�d�d�u�c�t� �w�i�t�h� �D�M�P�O�(�2�1�)�.� �T�h�u�s�,� �a�s� �p�r�e�s�e�n�t�e�d� �i�n� 

�t�h�e� �F�i�g�u�r�e� �1� �(�l�i�n�e� �1�)�,� �a� �w�e�l�l� �c�h�a�r�a�c�t�e�r�i�z�e�d� �1�:�2�:�2�:�1� �p�a�t�t�e�r�n� �o�f� �D�M�P�O�-�O�H� �w�i�t�h� �A�y� �=� 

�A�H�B� �=�1�4�.�9�2� �G� �w�a�s� �o�b�t�a�i�n�e�d� �w�h�e�n� �3�3�.�2�u�M� �f�e�r�r�o�u�s� �s�u�l�f�a�t�e� �w�a�s� �a�d�d�e�d� �t�o� �3�1�1�.�M� 

�H�2�O�o�2� �i�n� �p�r�e�s�e�n�c�e� �o�f� �1�.�1�2�m�M� �D�M�P�O� �a�n�d� �0�.�8�3�m�M� �E�D�T�A� �i�n� �0�.�2�M� �b�o�r�a�t�e� �b�u�f�f�e�r�,� 

�p�H� �7�.�8�.� �T�h�e� �E�P�R� �s�i�g�n�a�l� �o�f� �D�M�P�O�-�O�H� �a�d�d�u�c�t� �w�a�s� �s�t�a�b�l�e� �f�o�r� �s�e�v�e�r�a�l� �m�i�n�u�t�e�s�.� 

�A�d�d�i�t�i�o�n� �o�f� �O�H�:� �s�c�a�v�e�n�g�e�r�s� �i�n�h�i�b�i�t�e�d� �t�h�e� �s�i�g�n�a�l� �i�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r�,� 

�a�n�d� �1�m�M� �t�h�i�o�u�r�e�a� �a�n�d� �3�m�M� �m�a�n�n�i�t�o�l� �i�n�h�i�b�i�t�e�d� �t�h�e� �s�i�g�n�a�l� �a�l�m�o�s�t� �c�o�m�p�l�e�t�e�l�y� 

�T�h�e� �e�f�f�e�c�t�s� �o�f� �l�i�d�o�c�a�i�n�e� �w�a�s� �t�e�s�t�e�d� �i�n� �t�h�i�s� �s�y�s�t�e�m�.� �A�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�,� 

�l�i�d�o�c�a�i�n�e� �i�n�h�i�b�i�t�e�d� �t�h�e� �D�M�P�O�-�O�H� �a�d�d�u�c�t� �f�o�r�m�a�t�i�o�n� �i�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� 

�m�a�n�n�e�r�.� �T�h�u�s�,� �l�i�d�o�c�a�i�n�e� �a�t� �3�0�0�M� �c�o�n�c�e�n�t�r�a�t�i�o�n� �v�i�r�t�u�a�l�l�y� �e�l�i�m�i�n�a�t�e�d� �t�h�e� �D�M�P�O�-� 

�O�H� �a�d�d�u�c�t� �f�o�r�m�a�t�i�o�n�.� �T�h�e� �m�o�l�a�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �l�i�d�o�c�a�i�n�e� �r�e�q�u�i�r�e�d� �t�o� �c�a�u�s�e� 

�5�0�%� �i�n�h�i�b�i�t�i�o�n� �i�n� �t�h�i�s� �s�y�s�t�e�m� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �8�0�1�M�.� �C�o�m�p�a�r�e�d� �t�o� �t�h�e� �m�o�l�a�r� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �i�n�h�i�b�i�t�o�r�s� �r�e�q�u�i�r�e�d� �t�o� �c�a�u�s�e� �5�0�%� �i�n�h�i�b�i�t�i�o�n� �o�f� �t�h�e� �r�a�t�e� �o�f� �D�M�P�O�-� 

�O�H� �a�d�d�u�c�t� �f�o�r�m�a�t�i�o�n�,� �l�i�d�o�c�a�i�n�e� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �1�8� �t�i�m�e�s� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�h�a�n� 

�m�a�n�n�i�t�o�l� �a�n�d� �1�.�6� �t�i�m�e�s� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�h�a�n� �t�h�i�o�u�r�e�a�.� �T�h�a�t� �l�i�d�o�c�a�i�n�e� �i�s� �a� �p�o�t�e�n�t� 

�O�H�:� �s�c�a�v�e�n�g�e�r� �w�a�s� �f�u�r�t�h�e�r� �c�o�n�f�i�r�m�e�d� �i�n� �a�n�o�t�h�e�r� �a�s�s�a�y� �i�n� �w�h�i�c�h� �O�H�:� �r�e�a�c�t�s� �w�i�t�h� 

�d�e�o�x�y�r�i�b�o�s�e� �t�o� �g�e�n�e�r�a�t�e� �a� �T�B�A� �r�e�a�c�t�i�v�e� �s�u�b�s�t�a�n�c�e�.� �A�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�,� �O�H�:� 

�g�e�n�e�r�a�t�e�d� �i�n� �a� �F�e�n�t�o�n� �t�y�p�e� �r�e�a�c�t�i�o�n� �o�x�i�d�i�z�e�d� �d�e�o�x�y�r�i�b�o�s�e� �t�o� �p�r�o�d�u�c�e� �a� �T�B�A�-� 

�r�e�a�c�t�i�v�e� �p�r�o�d�u�c�t� �t�h�a�t� �c�a�n� �b�e� �m�o�n�i�t�o�r�e�d� �a�t� �5�3�5�n�m� �a�n�d� �l�i�d�o�c�a�i�n�e� �i�n�h�i�b�i�t�e�d� �t�h�i�s� 

�r�e�a�c�t�i�o�n� �i�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r�.� �T�h�e� �m�o�l�a�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �l�i�d�o�c�a�i�n�e� 

�r�e�q�u�i�r�e�d� �t�o� �c�a�u�s�e� �5�0�%� �i�n�h�i�b�i�t�i�o�n� �i�n� �t�h�i�s� �s�y�s�t�e�m� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �3�m�M�.� 

�4�2



�E�f�f�e�c�t�s� �o�f� �l�i�d�o�c�a�i�n�e� �o�n� �S�i�n�g�l�e�t� �O�x�y�g�e�n�:� 

�T�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �s�i�n�g�l�e�t� �o�x�y�g�e�n� �b�y� �p�h�o�t�o�c�h�e�m�i�c�a�l� �r�e�a�c�t�i�o�n�s� �o�f� 

�r�o�s�e� �b�e�n�g�a�l� �o�r� �m�e�t�h�y�l�e�n�e� �b�l�u�e� �w�a�s� �s�t�u�d�i�e�d� �b�y� �E�P�R� �s�p�e�c�t�r�o�s�c�o�p�y� �u�s�i�n�g� �T�E�M�P� 

�a�s� �a� �s�i�n�g�l�e�t� �o�x�y�g�e�n� �t�r�a�p�.� �W�e� �h�a�v�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �T�E�M�P�O� �a�s� �a� 

�n�i�t�r�o�x�y�l� �r�a�d�i�c�a�l� �b�y� �t�h�e� �a�t�t�a�c�k� �o�f� �s�i�n�g�l�e�t� �m�o�l�e�c�u�l�a�r� �o�x�y�g�e�n�,� �g�e�n�e�r�a�t�e�d� �d�u�r�i�n�g� 

�p�h�o�t�o�a�c�t�i�v�a�t�i�o�n� �o�f� �R�o�s�e� �B�e�n�g�a�l�,� �o�n� �T�E�M�P� �(�2�4�-�2�5�)�.� �T�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �E�P�R� 

�s�p�e�c�t�r�a�l� �p�a�t�t�e�r�n� �o�f� �t�h�r�e�e� �e�q�u�a�l� �i�n�t�e�n�s�i�t�y� �l�i�n�e�s� �o�f� �T�E�M�P�O� �n�i�t�r�o�x�i�d�e� �r�a�d�i�c�a�l� �w�a�s� 

�o�b�s�e�r�v�e�d� �w�h�e�n� �a�n� �a�i�r� �s�a�t�u�r�a�t�e�d� �a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n� �o�f� �r�o�s�e� �b�e�n�g�a�l� �w�a�s� �i�r�r�a�d�i�a�t�e�d� 

�i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �T�E�M�P� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �(� �F�i�g� �3� �)�.� �T�h�e� �h�y�p�e�r�f�i�n�e� �s�p�l�i�t�t�i�n�g� 

�c�o�n�s�t�a�n�t�s� �a�n�d� �g�-�v�a�l�u�e� �o�f� �t�h�e� �r�a�d�i�c�a�l� �w�e�r�e� �f�o�u�n�d� �t�o� �b�e� �A�N�=�1�7�.�2� �G� �a�n�d� �g�=� 

�2�.�0�0�5�6�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �o�u�r� �p�r�e�v�i�o�u�s�l�y� �r�e�p�o�r�t�e�d� �v�a�l�u�e�s� �(�2�4�-�2�5�)�.� 

�T�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �T�E�M�P�O� �d�u�r�i�n�g� �p�h�o�t�o�i�r�r�a�d�i�a�t�i�o�n� �o�f� �r�o�s�e� �b�e�n�g�a�l� �a�n�d� 

�T�E�M�P� �w�a�s� �f�u�r�t�h�e�r� �c�h�a�r�c�t�e�r�i�z�e�d�.� �T�h�e� �k�n�o�w�n� �s�i�n�g�l�e�t� �o�x�y�g�e�n� �s�c�a�v�e�n�g�e�r�s� �s�u�c�h� �a�s� 

�B�-�c�a�r�o�t�e�n�e�,� �s�o�d�i�u�m� �a�z�i�d�e� �a�n�d� �h�i�s�t�i�d�i�n�e� �h�a�d� �p�r�o�f�o�u�n�d� �i�n�h�i�b�i�t�o�r�y� �e�f�f�e�c�t�s� �o�n� �t�h�e� 

�T�E�M�P�O� �f�o�r�m�a�t�i�o�n�,� �c�o�n�s�i�s�t�a�n�t� �t�o� �o�u�r� �p�r�e�v�i�o�u�s� �r�e�p�o�r�t� �(�2�5�)�.� �A�s� �s�h�o�w�n� �i�n� �f�i�g�u�r�e� �3�,� 

�l�i�d�o�c�a�i�n�e� �i�n�h�i�b�i�t�e�d� �t�h�e� �T�E�M�P�O� �f�o�r�m�a�t�i�o�n� �i�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r�.� �S�i�n�g�l�e�t� 

�o�x�y�g�e�n� �d�e�p�e�n�d�e�n�t� �T�E�M�P�O� �s�i�g�n�a�l� �w�a�s� �v�i�r�t�u�a�l�l�y� �e�l�i�m�i�n�a�t�e�d� �a�t� �1�m�M� �l�i�d�o�c�a�i�n�e�.� 

�L�i�d�o�c�a�i�n�e� �i�n�h�i�b�i�t�e�d� �t�h�i�s� �r�e�a�c�t�i�o�n� �m�o�r�e� �e�f�f�e�c�t�i�v�e�l�y� �t�h�a�n� �t�h�e� �a�b�o�v�e� �s�i�n�g�l�e�t� 

�s�c�a�v�e�n�g�e�r�s�.� �T�h�u�s�,� �c�o�m�p�a�r�e�d� �t�o� �h�i�s�t�i�d�i�n�e�,� �a�z�i�d�e� �a�n�d� �B�-�c�a�r�o�t�e�n�e�,� �l�i�d�o�c�a�i�n�e� �w�a�s� 

�2�0�,� �1�2� �a�n�d� �1�.�2� �t�i�m�e�s� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �i�n� �t�h�i�s� �s�y�s�t�e�m� �r�e�s�p�e�c�t�i�v�e�l�y�.� �W�h�e�n� �R�o�s�e� 

�B�e�n�g�a�l� �w�a�s� �r�e�p�l�a�c�e�d� �w�i�t�h� �M�e�t�h�y�l�e�n�e� �B�l�u�e� �(�6�0�0�u�M�)� �a�s� �a� �p�h�o�t�o�s�e�n�s�i�t�i�z�e�r� �a�n�d� 

�T�E�M�P�O� �a�c�c�u�m�u�l�a�t�i�o�n� �w�a�s� �m�o�n�i�t�o�r�e�d� �f�o�r� �a� �p�e�r�i�o�d� �o�f� �1�0� �m�i�n�u�t�e�s�,� �l�i�d�o�c�a�i�n�e� �a�t� 

�4�.�1�8�m�M� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n�h�i�b�i�t�e�d� �t�h�i�s� �r�e�a�c�t�i�o�n� �b�y� �5�0�%�.� �T�h�i�s� �d�i�f�f�e�r�e�n�c�e� �p�r�o�b�a�b�l�y� 

�4�3



�d�e�p�e�n�d�s� �o�n� �t�h�e� �r�a�t�e� �o�f� �'�O�2� �g�e�n�e�r�a�t�i�o�n� �b�y� �t�h�e� �t�w�o� �p�h�o�t�o�s�e�n�s�i�t�i�z�e�r�s�,� �w�h�i�c�h� �h�a�v�e� 

�b�e�e�n� �d�i�s�c�u�s�s�e�d� �i�n� �a�n�o�t�h�e�r� �c�o�n�t�e�x�t� �(�2�4�)�.� 

�4�4



�D�I�S�C�U�S�S�I�O�N�:� 

�I�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� �w�e� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �l�i�d�o�c�a�i�n�e� �i�s� �n�o�t� �a�n� �e�f�f�e�c�t�i�v�e� 

�s�u�p�e�r�o�x�i�d�e� �r�a�d�i�c�a�l� �s�c�a�v�e�n�g�e�r�.� �T�h�i�s� �w�a�s� �c�o�n�f�i�r�m�e�d� �b�y� �u�s�i�n�g� �t�w�o� �d�i�f�f�e�r�e�n�t� 

�a�s�s�a�y�s�.� �I�n� �c�y�t�o�c�h�r�o�m�e� �c� �a�s�s�a�y� �O�,�°� �a�c�t�s� �a�s� �a� �r�e�d�u�c�t�a�n�t� �w�h�e�r�e� �a�s� �i�n� �e�p�i�n�e�p�h�r�i�n�e� 

�a�s�s�a�y� �t�h�i�s� �r�a�d�i�c�a�l� �a�c�t�s� �a�s� �a�n� �o�x�i�d�a�n�t�.� �I�n� �b�o�t�h� �t�h�e�s�e� �a�s�s�a�y�s� �l�i�d�o�c�a�i�n�e� �u�p� �t�o� 

�2�0�m�M� �c�o�n�c�e�n�t�r�a�t�i�o�n� �h�a�d� �l�i�t�t�l�e� �e�f�f�e�c�t�.� �O�u�r� �r�e�s�u�l�t�s� �a�r�e� �i�n� �a�c�c�o�r�d� �w�i�t�h� �M�a�r�k� �a�n�d� 

�W�e�g�l�i�c�k�i� �(�1�7�)�,� �w�h�o� �r�e�p�o�r�t�e�d� �t�h�a�t� �l�i�d�o�c�a�i�n�e� �d�i�d� �n�o�t� �i�n�h�i�b�i�t� �O�2�-� �-�d�e�p�e�n�d�e�n�t� �l�i�p�i�d� 

�p�e�r�o�x�i�d�a�t�i�o�n�.� 

�L�i�d�o�c�a�i�n�e� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �a� �p�o�t�e�n�t� �s�c�a�v�e�n�g�e�r� �o�f� �h�y�d�r�o�x�y�!� �r�a�d�i�c�a�l�s�.� �T�h�i�s� 

�w�a�s� �s�h�o�w�n� �i�n� �t�w�o� �d�i�f�f�e�r�e�n�t� �a�s�s�a�y�s�.� �T�h�u�s�,� �w�h�e�n� �O�H�.� �r�a�d�i�c�a�l�s� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �i�n� 

�a� �F�e�n�t�o�n�-�t�y�p�e� �r�e�a�c�t�i�o�n� �a�n�d� �d�e�t�e�c�t�e�d� �a�s� �D�M�P�O�-�O�H� �a�d�d�u�c�t� �b�y� �E�P�R� 

�s�p�e�c�t�r�o�s�c�o�p�i�c� �t�e�c�h�n�i�q�u�e�s� �o�r� �a�s� �O�H�.�-�d�e�p�e�n�d�e�n�t� �T�B�A� �r�e�a�c�t�i�v�e� �p�r�o�d�u�c�t�s� �o�f� 

�d�e�o�x�y�r�i�b�o�s�e�,� �l�i�d�o�c�a�i�n�e� �i�n�h�i�b�i�t�e�d� �t�h�e�s�e� �r�e�a�c�t�i�o�n�s� �i�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r�.� 

�I�t� �i�s� �n�o�t�e�w�o�r�t�h�y� �t�o� �i�n�d�i�c�a�t�e� �t�h�a�t� �t�h�e� �r�a�t�e� �o�f� �r�e�a�c�t�i�o�n� �o�f� �D�M�P�O� �w�i�t�h� �O�H�.� �i�s� 

�e�x�t�r�e�m�e�l�y� �f�a�s�t�,� �3�.�4� �X�1�0�9�M�-�1� �s�e�c ��!� �(�1�8�)�,� �a�n�d� �8�0�u�M� �l�i�d�o�c�a�i�n�e� �w�a�s� �a�b�l�e� �t�o� �c�o�m�p�e�t�e� 

�w�i�t�h� �1�.�1�2�m�M� �D�M�P�O� �f�o�r� �t�h�e� �a�v�a�i�l�a�b�l�e� �O�H�.� �t�o� �c�a�u�s�e� �a� �5�0�%� �r�e�d�u�c�t�i�o�n� �o�n� �t�h�e� �r�a�t�e� 

�o�f� �D�M�P�O�-�O�H� �a�d�d�u�c�t� �f�o�r�m�a�t�i�o�n�.� �C�o�m�p�a�r�e�d� �t�o� �s�o�m�e� �o�f� �t�h�e� �k�n�o�w�n� �h�y�d�r�o�x�y�l� 

�r�a�d�i�c�a�l� �s�c�a�v�e�n�g�e�r�s�,� �l�i�d�o�c�a�i�n�e� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �1�.�6� �t�i�m�e�s� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�h�a�n� 

�t�h�i�o�u�r�e�a� �a�n�d� �1�8� �t�i�m�e�s� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�h�a�n� �m�a�n�n�i�t�o�l�.� �T�h�e� �a�m�o�u�n�t� �o�f� �l�i�d�o�c�a�i�n�e� 

�r�e�q�u�i�r�e�d� �t�o� �c�a�u�s�e� �5�0�%� �i�n�h�i�b�i�t�i�o�n� �w�a�s� �d�i�f�f�e�r�e�n�t� �i�n� �t�w�o� �d�i�f�f�e�r�e�n�t� �s�y�s�t�e�m�s� �b�e�c�a�u�s�e� 

�t�h�e� �s�e�n�s�i�t�i�v�e�n�e�s�s� �o�f� �t�h�e� �s�p�i�n�-�t�r�a�p�p�i�n�g� �s�t�u�d�y� �a�n�d� �d�e�o�x�y�r�i�b�o�s�e� �a�s�s�a�y� �w�e�r�e� 

�d�i�f�f�e�r�e�n�t� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �k�n�o�w�n� �O�H�.� �s�c�a�v�e�n�g�e�r� �i�n�t�e�r�v�e�n�t�i�o�n�.� �I�n� �s�p�i�n�-�t�r�a�p�p�i�n�g� 

�s�t�u�d�y� �3�m�M� �m�a�n�n�i�t�o�l� �v�i�r�t�u�a�l�l�y� �e�l�i�m�i�n�a�t�e�d� �t�h�e� �D�M�P�O�-�O�H� �s�i�g�n�a�l�,� �w�h�e�r�e� �a�s� �i�n� 

�d�e�o�x�y�r�i�b�o�s�e� �a�s�s�a�y� �1�0�M�M� �m�a�n�n�i�t�o�l� �c�a�u�s�e�d� �8�0�%� �i�n�h�i�b�i�t�i�o�n�.� 

�4�5



�L�i�d�o�c�a�i�n�e� �w�a�s� �a�l�s�o� �f�o�u�n�d� �t�o� �b�e� �a� �p�o�t�e�n�t� �q�u�e�n�c�h�e�r� �o�f� �s�i�n�g�l�e�t� �o�x�y�g�e�n�.� 

�U�s�i�n�g� �t�w�o� �d�i�f�f�e�r�e�n�t� �s�e�n�s�i�t�i�z�e�r�s�,� �r�o�s�e� �b�e�n�g�a�l� �a�n�d� �m�e�t�h�y�l�e�n�e� �b�l�u�e�,� �w�e� �h�a�v�e� 

�s�h�o�w�n� �t�h�a�t� �l�i�d�o�c�a�i�n�e� �i�n�h�i�b�i�t�s� �1�0�,�-�d�e�p�e�n�d�e�n�t� �T�E�M�P�O� �f�o�r�m�a�t�i�o�n� �i�n� �a� �d�o�s�e� 

�d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r�.� �T�E�M�P� �r�e�a�c�t�s� �w�i�t�h� �'�O�2� �t�o� �f�o�r�m� �T�E�M�P�O� �a�t� �5�.�3�X�1�0�5� �M�"�!� �s�e�c ��!� 

�(�2�4�)�.� �I�n� �t�h�i�s� �r�e�a�c�t�i�o�n� �5�0�0�u�M� �l�i�d�o�c�a�i�n�e� �w�a�s� �a�b�l�e� �t�o� �c�o�m�p�e�t�e� �w�i�t�h� �6�5�m�M� �T�E�M�P� 

�f�o�r� �t�h�e� �a�v�a�i�l�a�b�l�e� �1�0�.� �t�o� �c�a�u�s�e� �a� �5�0�%� �r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �r�a�t�e� �o�f� �f�o�r�m�a�t�i�o�n� �o�f� 

�T�E�M�P�O�.� �W�h�e�n� �c�o�m�p�a�r�e�d� �w�i�t�h� �o�t�h�e�r� �k�n�o�w�n� �s�c�a�v�e�n�g�e�r�s�/�q�u�e�n�c�h�e�r�s� �o�f� �'�O�o�,� �t�h�e� 

�s�i�n�g�l�e�t� �o�x�y�g�e�n� �s�c�a�v�e�n�g�i�n�g� �a�b�i�l�i�t�y� �o�f� �l�i�d�o�c�a�i�n�e� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �2�0� �t�i�m�e�s� �b�e�t�t�e�r� 

�t�h�a�n� �a�z�i�d�e� �a�n�d� �w�a�s� �1�.�2� �t�i�m�e�s� �m�o�r�e� �e�f�f�e�c�t�i�v�e� �t�h�a�n� �B�-�c�a�r�o�t�e�n�e� �i�n� �t�h�e�s�e� �r�e�a�c�t�i�o�n� 

�s�y�s�t�e�m�s�.� 

�A�l�t�h�o�u�g�h� �S�h�e� �e�t� �a�l� �(�1�6�)� �h�a�v�e� �p�r�e�s�e�n�t�e�d� �e�v�i�d�e�n�c�e� �t�h�a�t� �t�h�e� �a�l�v�e�o�l�a�r� 

�e�p�i�t�h�e�l�i�a�l� �f�l�u�i�d� �c�o�n�t�a�i�n�i�n�g� �l�i�d�o�c�a�i�n�e�(�u�s�e�d� �a�s� �a�n� �a�n�e�s�t�h�e�t�i�c�)� �q�u�e�n�c�h�e�s� 

�h�y�p�o�c�h�l�o�r�o�u�s� �a�c�i�d�,� �t�h�e� �a�n�t�i�o�x�i�d�a�n�t� �p�r�o�p�e�r�t�i�e�s� �o�f� �l�i�d�o�c�a�i�n�e�,� �h�o�w�e�v�e�r�,� �w�e�r�e� �n�o�t� 

�i�n�v�e�s�t�i�g�a�t�e�d� �i�n� �d�e�t�a�i�l�.� �W�e� �n�o�w� �p�r�e�s�e�n�t� �e�v�i�d�e�n�c�e� �t�o� �c�o�n�f�i�r�m� �t�h�e� �a�n�t�i�o�x�i�d�a�n�t� 

�p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�i�s� �d�r�u�g� �w�h�i�c�h� �i�s� �f�o�u�n�d� �t�o� �b�e� �a� �p�o�t�e�n�t� �i�n�h�i�b�i�t�o�r� �o�f� �b�o�t�h� �s�i�n�g�l�e�t� 

�o�x�y�g�e�n� �a�n�d� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�.� 

�T�h�e� �c�y�t�o�p�r�o�t�e�c�t�i�v�e� �e�f�f�e�c�t�s� �o�f� �l�i�d�o�c�a�i�n�e� �i�n� �m�y�o�c�a�r�d�i�a�l� �i�s�c�h�e�m�i�a� �h�a�v�e� �b�e�e�n� 

�a�t�t�r�i�b�u�t�e�d� �t�o� �i�t�s� �m�e�m�b�r�a�n�e� �s�t�a�b�i�l�i�z�i�n�g� �p�r�o�p�e�r�t�i�e�s�(�1�9�,� �2�1� �2�2�)�.� �H�o�w�e�v�e�r�,� �t�h�e� 

�m�e�c�h�a�n�i�s�m� �o�f� �s�u�c�h�  ��m�e�m�b�r�a�n�e� �s�t�a�b�i�l�i�z�a�t�i�o�n�"� �h�a�s� �n�o�t� �b�e�e�n� �e�l�u�c�i�d�a�t�e�d�.� 

�R�e�c�e�n�t�l�y�,� �W�o�o�d�w�a�r�d� �a�n�d� �Z�a�k�a�r�i�a� �(�3�0�)� �a�n�d� �M�a�n�n�i�n�g� �e�t� �a�l�.� �(�3�1�)� �h�a�v�e� �p�r�o�p�o�s�e�d� 

�t�h�e� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �o�x�y�g�e�n�-�d�e�r�i�v�e�d� �f�r�e�e� �r�a�d�i�c�a�l�s� �g�e�n�e�r�a�t�e�d� �d�u�r�i�n�g� �t�h�e� �e�a�r�l�y� 

�m�o�m�e�n�t�s� �o�f� �r�e�p�e�r�f�u�s�i�o�n� �m�a�y� �i�n�i�t�i�a�t�e� �m�e�m�b�r�a�n�e� �i�n�j�u�r�y�,� �l�e�a�d�i�n�g� �t�o� �t�h�e� 

�d�e�v�e�l�o�p�m�e�n�t� �o�f� �s�e�v�e�r�e� �v�e�n�t�r�i�c�u�l�a�r� �a�r�r�h�y�t�h�m�i�a�s�.� �S�i�n�g�l�e�t� �o�x�y�g�e�n� �a�n�d� �h�y�d�r�o�x�y�!� 

�r�a�d�i�c�a�l� �a�r�e� �p�r�o�p�o�s�e�d� �t�o� �b�e� �t�h�e� �d�i�r�e�c�t� �i�n�i�t�i�a�t�o�r� �o�f� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �b�y� �c�o�n�c�e�r�t�e�d� 
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�a�d�d�i�t�i�o�n�-�a�b�s�t�r�a�c�t�i�o�n� �r�e�a�c�t�i�o�n�s� �w�i�t�h� �t�h�e� �d�i�e�n�e� �b�o�n�d�s� �o�f� �u�n�s�a�t�u�r�a�t�e�d� �l�i�p�i�d�s� �g�i�v�i�n�g� 

�r�i�s�e� �t�o� �l�i�p�i�d� �h�y�d�r�o�p�e�r�o�x�i�d�e�s�(�3�2�-�3�6�)�.� �I�t� �w�a�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �s�i�n�g�l�e�t� �o�x�y�g�e�n� �a�n�d� 

�O�H�:� �a�r�e� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �p�r�o�p�a�g�a�t�i�o�n� �o�f� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�(�3�2�)� �w�h�i�c�h� �i�n� �t�u�r�n� �c�a�n� 

�p�r�o�d�u�c�e� �m�e�m�b�r�a�n�e� �d�a�m�a�g�e� �a�n�d� �c�e�l�l� �d�y�s�f�u�n�c�t�i�o�n�s� �(�3�3�)�.� �D�u�r�i�n�g� �m�y�o�c�a�r�d�i�a�l� 

�i�s�c�h�e�m�i�a�,� �e�s�p�e�c�i�a�l�l�y� �a�f�t�e�r� �r�e�o�x�y�g�e�n�a�t�i�o�n� �o�f� �t�h�e� �h�e�a�r�t�,� �t�h�e�r�e� �i�s� �a�n� �a�p�p�a�r�e�n�t� 

�a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �l�i�p�i�d� �p�e�r�o�x�i�d�e�s� �i�n� �t�h�e� �t�i�s�s�u�e� �(�1�0�,�1�1�,�2�9�,�3�4�)�.� �C�a�n�i�n�e� 

�s�a�r�c�o�l�e�m�m�a�l� �m�e�m�b�r�a�n�e�s� �w�e�r�e� �a�l�s�o� �f�o�u�n�d� �t�o� �b�e� �r�e�a�d�i�l�y� �p�e�r�o�x�i�d�i�z�e�d� �b�y� �r�e�a�c�t�i�v�e� 

�s�p�e�c�i�e�s� �o�f� �o�x�y�g�e�n� �a�n�d� �t�h�e� �p�h�o�s�p�h�o�l�i�p�i�d�-�r�i�c�h� �s�a�r�c�o�l�e�m�m�a� �o�f� �v�e�n�t�r�i�c�u�l�a�r� 

�m�y�o�c�y�t�e�s� �w�e�r�e� �p�r�o�p�o�s�e�d� �t�o� �b�e� �a� �m�a�j�o�r� �s�i�t�e� �o�f� �f�r�e�e� �r�a�d�i�c�a�l� �a�t�t�a�c�k� �(�3�2�)�.� �T�h�e� 

�r�e�s�u�l�t�s� �o�f� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� �s�h�o�w� �t�h�a�t� �l�i�d�o�c�a�i�n�e� �i�s� �a� �p�o�w�e�r�f�u�l� �a�n�t�i�o�x�i�d�a�n�t� �w�h�i�c�h� 

�c�a�n� �s�c�a�v�e�n�g�e� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� �a�n�d� �q�u�e�n�c�h� �s�i�n�g�l�e�t� �o�x�y�g�e�n�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� 

�"�m�e�m�b�r�a�n�e� �s�t�a�b�i�l�i�z�a�t�i�o�n �� �a�b�i�l�i�t�y� �o�f� �l�i�d�o�c�a�i�n�e� �m�a�y�,� �i�n� �p�a�r�t�,� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� 

�r�e�a�c�t�i�v�e� �o�x�y�g�e�n� �s�c�a�v�e�n�g�i�n�g� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�i�s� �c�o�m�p�o�u�n�d�.� 

�R�e�c�e�n�t� �s�t�u�d�i�e�s� �h�a�v�e� �i�n�d�i�c�a�t�e�d� �t�h�e� �i�n�v�o�l�v�e�m�e�n�t� �o�f� �r�e�a�c�t�i�v�e� �o�x�y�g�e�n� 

�s�p�e�c�i�e�s� �i�n� �m�y�o�c�a�r�d�i�a�l� �i�s�c�h�e�m�i�a�.� �T�h�u�s�,� �B�e�r�n�i�e�r� �e�t� �a�l�.� �(�2�8�)� �f�o�u�n�d� �t�h�a�t� �s�u�p�e�r�o�x�i�d�e� 

�d�i�s�m�u�t�a�s�e�,� �c�a�t�a�l�a�s�e�,� �m�a�n�n�i�t�o�l�,� �m�e�t�h�i�o�n�i�n�e�,� �g�l�u�t�a�t�h�i�o�n�e� �a�n�d� �d�e�s�f�e�r�r�o�x�a�m�i�n�e� 

�r�e�d�u�c�e�d� �t�h�e� �i�n�c�i�d�e�n�c�e� �o�f� �r�e�p�e�r�f�u�s�i�o�n�-�i�n�d�u�c�e�d� �v�e�n�t�r�i�c�u�l�a�r� �f�i�b�r�i�l�l�a�t�i�o�n� �f�r�o�m� �8�0� �t�o� 

�0�,� �7�,� �7�,� �7�,� �2�0�,� �a�n�d� �7�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e�y� �a�l�s�o� �d�e�m�o�n�s�t�r�a�t�e�d� �a� �c�l�e�a�r� �d�o�s�e� 

�d�e�p�e�n�d�e�n�c�y� �f�o�r� �e�a�c�h� �i�n�t�e�r�v�e�n�t�i�o�n�.� �I�n� �a�n�o�t�h�e�r� �s�t�u�d�y� �(�2�9�)� �i�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� 

�s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �p�l�u�s� �c�a�t�a�l�a�s�e� �e�n�h�a�n�c�e�d� �t�h�e� �e�f�f�i�c�a�c�y� �o�f� �h�y�p�o�t�h�e�r�m�i�c� 

�c�a�r�d�i�o�p�l�e�g�i�a� �i�n� �p�r�o�t�e�c�t�i�n�g� �t�h�e� �g�l�o�b�a�l�l�y� �i�s�c�h�e�m�i�c�,� �r�e�p�e�r�f�u�s�e�d� �h�e�a�r�t�.� �T�h�e� 

�p�r�o�d�u�c�t�i�o�n� �o�f� �o�x�y�g�e�n�-�c�e�n�t�e�r�e�d� �f�r�e�e� �r�a�d�i�c�a�l�s� �d�u�r�i�n�g� �i�s�c�h�e�m�i�a� �a�n�d� �r�e�p�e�r�f�u�s�i�o�n� �o�f� 

�m�y�o�c�a�r�d�i�u�m� �h�a�v�e� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �a�n�d� �a� �b�u�r�s�t� �o�f� �o�x�y�g�e�n� �r�a�d�i�c�a�l� �g�e�n�e�r�a�t�i�o�n� 

�w�a�s� �s�h�o�w�n� �t�o� �o�c�c�u�r� �w�i�t�h�i�n� �m�o�m�e�n�t�s� �o�f� �r�e�p�e�r�f�u�s�i�o�n� �(�3�6�)�.� �E�l�e�c�t�r�o�n� �s�p�i�n� 

�r�e�s�o�n�a�n�c�e� �s�t�u�d�i�e�s� �o�f� �f�r�e�e� �r�a�d�i�c�a�l� �p�r�o�d�u�c�t�i�o�n� �i�n� �i�s�c�h�e�m�i�c�/�r�e�p�e�r�f�u�s�e�d� �r�a�t� �h�e�a�r�t�s� 
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�h�a�v�e� �a�l�s�o� �b�e�e�n� �s�h�o�w�n� �t�o� �p�r�o�d�u�c�e� �o�x�y�g�e�n� �f�r�e�e� �r�a�d�i�c�a�l�s� �(�3�5�)�.� �T�h�e�s�e� �s�t�u�d�i�e�s� 

�s�u�g�g�e�s�t� �t�h�a�t� �e�x�c�e�s�s�i�v�e� �f�r�e�e� �r�a�d�i�c�a�l�s� �a�r�e� �p�r�o�d�u�c�e�d� �i�n� �t�h�e� �e�x�t�r�a�c�e�l�l�u�l�a�r� 

�c�o�m�p�a�r�t�m�e�n�t� �a�n�d� �t�h�e�s�e� �r�a�d�i�c�a�l�s� �i�n� �t�u�r�n� �a�r�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �s�a�r�c�o�l�e�m�m�a�l� 

�m�e�m�b�r�a�n�e� �d�a�m�a�g�e�.� �P�r�o�t�e�c�t�i�v�e� �e�f�f�e�c�t�s� �o�f� �l�i�d�o�c�a�i�n�e� �h�a�s� �a�l�s�o� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� 

�i�n� �a�c�u�t�e� �h�a�e�m�o�r�r�h�a�g�i�c� �s�h�o�c�k� �(�3�8�)�.� �C�i�r�c�u�l�a�t�o�r�y� �s�h�o�c�k� �i�n�d�u�c�e�d� �b�y� �t�r�a�u�m�a� �a�n�d� 

�e�n�d�o�t�o�x�i�n� �h�a�v�e� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �p�r�e�v�e�n�t�e�d� �b�y� �p�h�e�n�y�!� �t�-�b�u�t�y�!� �n�i�t�r�o�n�e� �(�P�B�N�)�,� �a� 

�s�p�i�n� �t�r�a�p�p�i�n�g� �a�g�e�n�t� �(�3�8�)�.� �S�i�n�c�e� �s�p�i�n� �t�r�a�p�s� �b�e�h�a�v�e� �a�s� �f�r�e�e� �r�a�d�i�c�a�l� �s�c�a�v�e�n�g�e�r�s�,� 

�t�h�e� �p�r�o�t�e�c�t�i�v�e� �e�f�f�e�c�t�s� �o�f� �P�B�N� �p�r�o�v�i�d�e�d� �a�n� �i�n�d�i�r�e�c�t� �e�v�i�d�e�n�c�e� �f�o�r� �t�h�e� �i�n�v�o�l�v�e�m�e�n�t� 

�o�f� �f�r�e�e� �r�a�d�i�c�a�l�s� �i�n� �c�i�r�c�u�l�a�t�o�r�y� �s�h�o�c�k�.� 

�I�n� �v�i�e�w� �o�f� �o�u�r� �p�r�e�s�e�n�t� �f�i�n�d�i�n�g�s�,� �w�e� �p�r�o�p�o�s�e� �t�h�a�t� �l�i�d�o�c�a�i�n�e� �e�x�e�r�t�s� �i�t�s� 

�p�r�o�t�e�c�t�i�v�e� �e�f�f�e�c�t�s� �b�y� �s�c�a�v�e�n�g�i�n�g� �h�i�g�h�l�y� �c�y�t�o�t�o�x�i�c� �r�e�a�c�t�i�v�e� �s�p�e�c�i�e�s� �o�f� �o�x�y�g�e�n� 

�g�e�n�e�r�a�t�e�d� �d�u�r�i�n�g� �i�s�c�h�e�m�i�a� �a�n�d� �r�e�p�e�r�f�u�s�i�o�n�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �m�e�m�b�r�a�n�e� 

�s�t�a�b�i�l�i�z�i�n�g� �p�r�o�p�e�r�t�i�e�s� �o�f� �l�i�d�o�c�a�i�n�e� �c�a�n� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �i�t�s� �r�e�m�o�v�a�l� �o�f� �O�H�:� �a�n�d� 

�1�0�9� �w�h�i�c�h� �i�n� �t�u�r�n� �c�a�u�s�e� �m�e�m�b�r�a�n�e� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�.� 
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�F�i�g� �1�.� �E�f�f�e�c�t� �o�f� �L�i�d�o�c�a�i�n�e� �o�n� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �D�M�P�O�-�O�H� 
�a�d�d�u�c�t�.�T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �a�s� �d�e�s�c�r�i�b�e�d� �u�n�d�e�r� �"�M�a�t�e�r�i�a�l�s� �a�n�d� 
�M�e�t�h�o�d�s�"�.� �L�i�d�o�c�a�i�n�e� �a�t� �i�n�d�i�c�a�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �a�d�d�e�d� �t�o� �3�1�M� �H�2�0�9�o�,� 
�1�.�1�2�m�M� �D�M�P�O�,� �i�n� �b�o�r�i�c� �a�c�i�d�-�b�o�r�a�x� �b�u�f�f�e�r�,� �p�H� �7�.�8� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �3�3�.�2�u�M� 
�f�e�r�r�o�u�s� �s�u�l�f�a�t�e� �a�n�d� �0�.�8�3�m�M� �E�D�T�A�.� �T�h�e� �D�M�P�O�-�O�H� �a�d�d�u�c�t� �f�o�r�m�a�t�i�o�n� �w�a�s� 
�r�e�c�o�r�d�e�d� �i�m�m�e�d�i�a�t�e�l�y�.� �R�e�c�e�i�v�e�r� �g�a�i�n� �w�a�s� �4�.�0�X� �1�0�9�,� �a�n�d� �t�h�e� �s�c�a�n� �r�a�t�e� �o�f� �2�0�0� 
�s�e�c�o�n�d�s�.� �O�t�h�e�r� �E�P�R� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� �s�a�m�e� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �"�M�a�t�e�r�i�a�l�s� �a�n�d� 
�M�e�t�h�o�d�s�"�.� �L�i�n�e� �1�:� �c�o�n�t�r�o�l� �w�i�t�h�o�u�t� �l�i�d�o�c�a�i�n�e�;� �L�i�n�e� �2�:� �1�0�0�u�M� �l�i�d�o�c�a�i�n�e�;� �L�i�n�e� �3�:� 
�2�0�0�u�M� �l�i�d�o�c�a�i�n�e�;� �L�i�n�e� �4�:� �3�0�0�u�U�M� �l�i�d�o�c�a�i�n�e�;� �L�i�n�e� �5�:� �1�.�2�m�M� �D�M�P�O� �o�n�l�y�.� 
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�c� �8�0� �-� 
�O�o� 
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�=� �6�0� �-� 
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�C�c� 
�@� �4�0� �-� 
�©� 
�t�u�o� 

�®� 
�Q�O�.� 

�2�0� �-� � � � � � � � � �1�2� 

�L�i�d�o�c�a�i�n�e� �(�m�M�)� 

�F�i�g� �2�.� �E�f�f�e�c�t�s� �o�f� �l�i�d�o�c�a�i�n�e� �o�n� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �T�B�A� �r�e�a�c�t�i�v�e� 
�s�u�b�s�t�a�n�c�e� �f�r�o�m� �d�e�o�x�y�r�i�b�o�s�e�.� �C�o�n�d�i�t�i�o�n�s� �a�r�e� �a�s� �d�e�s�c�r�i�b�e�d� �u�n�d�e�r� 
�"�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�"�.� �L�i�d�o�c�a�i�n�e� �a�t� �i�n�d�i�c�a�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�a�s� �a�d�d�e�d� �t�o� 
�1�.�6�m�M� �d�e�o�x�y�r�i�b�o�s�e�,� �4�2�M� �f�e�r�r�o�u�s� �a�m�m�m�o�n�i�u�m� �s�u�l�f�a�t�e� �i�n� �p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r�e�d� 
�s�a�l�i�n�e� �(�p�H� �7�.�4�)� �a�n�d� �t�h�e� �m�i�x�t�u�r�e� �w�a�s� �i�n�c�u�b�a�t�e�d� �a�t� �3�7�9�C� �f�o�r� �1�5� �m�i�n�u�t�e�s�.� �T�B�A� �(�1�m�l� 
�o�f� �1�%� �w�/�v�)� �w�a�s� �a�d�d�e�d� �f�o�l�l�o�w�e�d� �b�y� �1�m�l� �o�f� �2�.�8�%� �(�w�/�v�)�T�C�A�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� 
�h�e�a�t�e�d� �a�t� �1�0�0�9�C� �f�o�r� �1�0� �m�i�n�u�t�e�s�,� �c�o�o�l�e�d�,� �a�n�d� �t�h�e� �c�h�r�o�m�o�g�e�n� �w�a�s� �m�e�a�s�u�r�e�d� �a�t� 
�5�3�5�n�m�.� 
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�F�i�g� �3�.� �E�f�f�e�c�t�s� �o�f� �l�i�d�o�c�a�i�n�e� �o�n� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �T�E�M�P�-�1�O�2� �a�d�d�u�c�t�.� 
�T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �a�s� �d�e�s�c�r�i�b�e�d� �u�n�d�e�r� �"�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�"�.� 
�L�i�d�o�c�a�i�n�e� �a�t� �i�n�d�i�c�a�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �a�d�d�e�d� �t�o� �4�0�u�M� �R�o�s�e� �B�e�n�g�a�l�,� 
�6�5�m�M� �T�E�M�P� �d�i�s�s�o�l�v�e�d� �i�n� �e�t�h�a�n�o�l� �(� �f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�o�n� �o�f� �e�t�h�a�n�o�l� �w�a�s� �1�0�%�)�,� �i�n� 
�0�.�0�5�M� �p�o�t�a�s�s�i�u�m� �p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r� �w�i�t�h� �1�0� �-�4� �M� �E�D�T�A�.� �T�E�M�P�-�1�0�9� �a�d�d�u�c�t� 
�f�o�r�m�a�t�i�o�n� �w�a�s� �r�e�c�o�r�d�e�d� �a�f�t�e�r� �i�r�r�a�d�i�a�t�i�n�g� �t�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �f�o�r� �5� �m�i�n�u�t�e�s�.� �L�i�n�e� 
�1�:� �w�i�t�h�o�u�t� �l�i�d�o�c�a�i�n�e�;� �L�i�n�e� �2�:� �2�0�0�u�M� �l�i�d�o�c�a�i�n�e�;� �L�i�n�e� �3�:� �5�0�0�u�M� �l�i�d�o�c�a�i�n�e�;� �L�i�n�e� �4�:� 
�7�0�0�u�M� �l�i�d�o�c�a�i�n�e�;� �L�i�n�e� �5�:� �1�m�M� �l�i�d�o�c�a�i�n�e�;� �L�i�n�e� �6�:� �N�o� �p�h�o�t�o�s�e�n�s�i�t�i�z�e�r� �o�r� �l�i�g�h�t�.� 
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�R�E�F�E�R�E�N�C�E�S� 

�.� �H�a�r�r�i�s�o�n� �D�C�,� �S�p�r�o�u�s�e� �J�H� �a�n�d� �M�o�r�r�o�w� �A�G�:� �A�n�t�i�a�r�r�h�y�t�h�m�i�c� �p�r�o�p�e�r�t�i�e�s� �o�f� 

�l�i�d�o�c�a�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e�:� �C�l�i�n�i�c�a�l� �a�n�d� �p�h�y�s�i�o�l�o�g�i�c� �s�t�u�d�i�e�s� �o�f� �t�h�e�i�r� 

�|� �c�a�r�d�i�o�v�a�s�c�u�l�a�r� �e�f�f�e�c�t�s� �i�n� �m�a�n�.� �C�i�r�c�u�l�a�t�i�o�n� �2�8�:� �4�8�6�-�4�9�1�,� �1�9�6�3�.� 

�.� �G�i�a�n�e�l�l�y� �R�,� �v�o�n� �d�e�r� �G�r�o�e�b�e�n� �J�O�,� �S�p�i�v�a�c�k� �A�P� �a�n�d� �H�a�r�r�i�s�o�n� �D�C�:� �E�f�f�e�c�t�s� �o�f� 

�l�i�d�o�c�a�i�n�e� �o�n� �v�e�n�t�r�i�c�u�l�a�r� �a�r�r�h�y�t�h�m�i�a�s� �i�n� �p�a�t�i�e�n�t�s� �w�i�t�h� �c�o�r�o�n�a�r�y� �h�e�a�r�t� 

�d�i�s�e�a�s�e�.� �N�e�w� �E�n�g�l�.� �J�.� �M�e�d�.� �2�7�7�:� �1�2�1�5�-�1�2�2�1�,� �1�9�6�7�.� 

�.� �J�e�w�i�t�t� �D�E�,� �K�i�s�h�o�n� �Y�,� �a�n�d� �T�h�o�m�a�s� �M�:� �L�i�g�n�o�c�a�i�n�e� �i�n� �t�h�e� �m�a�n�a�g�e�m�e�n�t� �o�f� 

�a�r�r�h�y�t�h�m�i�a�s� �a�f�t�e�r� �a�c�u�t�e� �m�y�o�c�a�r�d�i�a�l� �i�n�f�r�a�c�t�i�o�n�.� �L�a�n�c�e�t� �2�:� �2�6�6�-�2�6�8�,� �1�9�6�8�.� 

�P�f�e�i�f�f�e�r� �C�J�,� �K�e�i�t�h� �J�C�,� �C�h�o� �C�H�,� �D�e�R�o�l�f� �S�,� �P�f�e�i�f�f�e�r� �D�C� �a�n�d� �M�i�s�r�a� �H�P�:� 

�G�a�s�t�r�i�c� �a�n�d� �c�a�r�d�i�a�c� �p�r�o�t�e�c�t�i�o�n� �b�y� �l�i�d�o�c�a�i�n�e�.� �A�c�t�a� �P�h�y�s�.� �H�u�n�g�.� �7�3�:�1�2�9�-� 

�1�3�6�,� �1�9�8�9�.� 

�N�a�s�s�e�r� �F�N�,� �W�a�l�l�s� �J�T�,� �E�d�w�a�r�d�s� �W�D� �a�n�d� �H�a�r�i�s�o�n� �C�E�,� �J�r�:� �L�i�d�o�c�a�i�n�e�-� 

�i�n�d�u�c�e�d� �r�e�d�u�c�t�i�o�n� �i�n� �s�i�z�e� �o�f� �e�x�p�e�r�i�m�e�n�t�a�l� �m�y�o�c�a�r�d�i�a�l� �i�n�f�r�a�c�t�i�o�n�.� �A�m�.� �J�.� 

�C�a�r�d�i�o�l�.� �4�6�:� �9�6�7�-�9�7�5�,� �1�9�8�0�.� 

�.� �B�o�u�d�o�l�u�l�a�r�s� �H�,� �K�a�r�a�y�a�n�n�a�c�o�s� �P�E�,� �L�e�w�i�s� �R�P�,� �K�a�k�o�s� �G�S�,� �K�i�l�m�a�n� �J�W�,� 

�a�n�d� �V�a�s�k�o� �J�S�:� �P�o�t�e�n�t�i�a�l� �e�f�f�e�c�t� �o�f� �l�i�d�o�c�a�i�n�e� �o�n� �i�s�c�h�e�m�i�c� �m�y�o�c�a�r�d�i�a�l� �i�n�j�u�r�y�:� 

�E�x�p�e�r�i�m�e�n�t�a�l� �a�n�d� �c�l�i�n�i�c�a�l� �o�b�s�e�r�v�a�t�i�o�n�s�.� �J�.� �S�u�r�g�.� �R�e�s�.� �2�4�:� �4�6�9�-�4�7�6�,� �1�9�7�8�.� 

�.� �N�a�r�a�n�g� �K�P�,� �C�r�o�u�t�h�a�m�e�l� �W�G�,� �C�a�r�l�i�n�e�r� �H�N�,� �F�i�s�h�e�r� �M�L�:� �L�i�d�o�c�a�i�n�e� �a�n�d� �i�t�s� 

�a�c�t�i�v�e� �m�e�t�a�b�o�l�i�t�e�s�.� �C�l�i�n�.� �P�h�a�r�m�a�c�o�l�.� �T�h�e�r�,� �6�5�4�-�6�2�2�,� �1�9�7�8�.� 

�.� �G�u�a�r�n�i�e�r�i� �C�,� �F�l�a�m�i�g�n�i� �F�,� �C�a�l�d�a�r�e�r�a� �C�M�:� �R�o�l�e� �o�f� �o�x�y�g�e�n� �i�n� �t�h�e� �c�e�l�l�u�l�a�r� 

�d�a�m�a�g�e� �i�n�d�u�c�e�d� �b�y� �r�e�o�x�y�g�e�n�a�t�i�o�n� �o�f� �h�y�p�o�x�i�c� �h�e�a�r�t�.� �J�.� �M�o�l�.� �C�e�l�l�.� �C�a�r�d�i�o�l�.� 

�1�2�:� �7�9�7�-�8�0�8�,� �1�9�8�0�.� 
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�9�.� �H�e�s�s� �M�L�,� �M�a�n�s�o�n� �N�H�,� �a�n�d� �O�k�a�b�e� �E�:� �I�n�v�o�l�v�e�m�e�n�t� �o�f� �f�r�e�e� �r�a�d�i�c�a�l�s� �i�n� �t�h�e� 

�p�a�t�h�o�p�h�y�s�i�o�l�o�g�y� �o�f� �i�s�c�h�e�m�i�c� �h�e�a�r�t� �d�i�s�e�a�s�e�.� �C�a�n�.� �J�.� �P�h�y�s�i�o�l�.� �P�h�a�r�m�a�c�o�l�.� 

�6�0�:� �1�3�8�2�-�1�3�8�9�,� �1�9�8�2�.� 

�1�0�.� �M�c�C�o�r�d� �J�M�,� �R�o�y� �R�S�:� �T�h�e� �p�a�t�h�o�p�h�y�s�i�o�l�o�g�y� �o�f� �s�u�p�e�r�o�x�i�d�e�:� �R�o�l�e�s� �i�n� 

�-� �i�n�f�l�a�m�m�a�t�i�o�n� �a�n�d� �i�s�c�h�e�m�i�a�.� �C�a�n�.� �J�.� �P�h�y�s�i�o�l�.� �P�h�a�r�m�a�c�o�l�.� �6�0�:� �1�3�4�6�-�1�3�5�2�,� 

�1�9�8�2�.� 

�1�1�.� �R�a�o� �P�S� �a�n�d� �M�u�e�l�l�e�r� �H�S�:� �L�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �a�n�d� �m�y�o�c�a�r�d�i�a�l� �i�s�c�h�e�m�i�a�.� �I�n�:� 

�M�y�o�c�a�r�d�i�a�l� �i�n�j�u�r�y� �(� �E�d�s�.� �S�p�i�t�z�e�r�,� �J�.� �J�.� �)�,�p�p�3�4�1�-�3�6�7�.� �P�l�e�n�u�m� �P�u�b�l�i�s�h�i�n�g� 

�C�o�,� �N�e�w� �Y�o�r�k�,� �1�9�8�3�.� 

�1�2�.� �F�r�i�d�o�v�i�c�h� �|�:� �H�y�p�o�x�i�a� �a�n�d� �o�x�y�g�e�n� �t�o�x�i�c�i�t�y�.� �A�d�v�.� �N�e�u�r�o�l�.� �2�6�:� �2�5�5�-�2�5�9�,�1�9�7�9�.� 

�1�3�.� �M�i�s�r�a� �H�P�,� �W�e�g�l�i�c�k�i� �W�B�,� �A�b�d�u�l�a� �R� �a�n�d� �M�c� �C�a�y�,� �P�B�:� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �a� 

�c�a�r�b�o�n�-�c�e�n�t�e�r�e�d� �f�r�e�e� �r�a�d�i�c�a�l� �d�u�r�i�n�g� �r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �i�n� �i�s�c�h�e�m�i�c� �h�e�a�r�t�.� 

�C�i�r�c�u�l�a�t�i�o�n�,� �7�0�:� �\�|�-�2�6�0� �,� �1�9�8�4�.� 

�1�4�.� �C�a�r�m�e�n� �M�A�,� �K�r�a�m�e�r� �J�H�,� �B�e�n�j�a�m�i�n� �F�D�,� �a�n�d� �W�e�g�l�i�c�k�i� �W�B�:� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� 

�f�r�e�e� �r�a�d�i�c�a�l�s� �i�n� �m�y�o�c�a�r�d�i�a�l� �i�s�c�h�e�m�i�a�/�r�e�p�e�r�f�u�s�i�o�n� �b�y� �s�p�i�n� �t�r�a�p�p�i�n�g� �w�i�t�h� 

�n�i�t�r�o�n�e� �D�M�P�O�.� �F�E�B�S� �L�e�t�t�.�.� �2�2�1�:� �1�0�1�-�1�0�4�,�1�9�8�7�.� 

�1�5�.� �B�a�r�o�n� �D�W�,� �S�u�n�a�m�o�r�i� �M�,� �a�n�d� �H�a�r�r�i�s�o�n� �C�E�:� �P�r�e�s�e�r�v�a�t�i�o�n� �o�f� �o�x�i�d�a�t�i�v�e� 

�p�h�o�s�p�h�o�r�y�l�a�t�i�o�n� �b�y� �l�i�d�o�c�a�i�n�e� �i�n� �i�s�c�h�e�m�i�c� �a�n�d� �r�e�p�e�r�f�u�s�e�d� �m�y�o�c�a�r�d�i�u�m�.� 

�A�d�v�.� �M�y�o�c�a�r�d�i�o�l�.� �4�:� �5�6�7�-�5�7�3�,� �1�9�8�3�.� 

�1�6�.� �S�h�e�,� �Z�W�,� �L�i�m�i�n�g�,� �J�D�,� �F�a�g�a�n�,� �J�B�,� �P�a�c�h�t�,� �E�R�,� �a�n�d� �D�a�v�i�s�,� �W�B�:� �I�n�h�i�b�i�t�i�o�n� �o�f� 

�h�y�p�o�c�h�l�o�r�o�u�s� �a�c�i�d� �b�y� �l�i�d�o�c�a�i�n�e� �a�n�d� �n�a�t�i�v�e� �c�o�m�p�o�n�e�n�t�s� �o�f� �a�l�v�e�o�l�a�r� 

�e�p�i�t�h�e�l�i�a�l� �l�i�n�i�n�g� �f�l�u�i�d�,� �A�m�.� �R�e�v�.� �R�e�s�p�i�r�.� �D�i�s�.� �1�4�4�:�2�2�7�-�2�3�0�,� �1�9�9�1�.� 

�1�7�.� �M�a�k�,�I�T� �a�n�d� �W�e�g�l�i�c�k�i�,� �W�B�:� �P�r�o�t�e�c�t�i�o�n� �b�y� �B�-�B�l�o�c�k�i�n�g� �a�g�e�n�t�s� �a�g�a�i�n�s�t� �f�r�e�e� 

�r�a�d�i�c�a�l�-�m�e�d�i�a�t�e�d� �s�a�r�c�o�l�e�m�m�a�l� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�.�,� �C�i�r�c�.� �R�e�s�.� �6�3�:�2�6�2�-�2�6�6�,� 

�1�9�8�8�.� 

�5�3



�1�8�.� �K�a�l�y�a�n�a�r�a�m�a�n�,� �B�:� �D�e�t�e�c�t�i�o�n� �o�f� �t�o�x�i�c� �f�r�e�e� �r�a�d�i�c�a�l�s� �i�n� �b�i�o�l�o�g�y� �a�n�d� �m�e�d�i�c�i�n�e�.� 

�I�n�:� �R�e�v�i�e�w�s� �i�n� �B�i�o�c�h�e�m�i�c�a�l� �T�o�x�i�c�o�l�o�g�y� �(� �E�d�s�.� �H�o�d�g�s�o�n�,� �E�.�,� �B�e�n�d�,� �J�R�.� �a�n�d� 

�P�h�i�l�p�o�t�,� �R�M�.�)� �p�p� �7�3�-�1�3�9�,� �E�l�s�e�v�i�e�r� �B�i�o�m�e�d�i�c�a�l�,� �N�e�w� �Y�o�r�k�.� 

�1�9� �S�c�h�a�u�b� �R�G�,� �S�t�e�w�a�r�t� �G�,� �S�t�r�o�n�g� �M�,� �R�u�o�f�o�l�o� �R�,� �L�e�m�o�l�e� �G�:� �R�e�d�u�c�t�i�o�n� �o�f� 

�_� �i�s�c�h�e�m�i�c� �m�y�o�c�a�r�d�i�a�l� �d�a�m�a�g�e� �i�n� �t�h�e� �d�o�g� �b�y� �l�i�d�o�c�a�i�n�e� �i�n�f�u�s�i�o�n�.� �A�m�.� �J�.� 

�P�a�t�h�o�l�,� �8�7�:� �3�8�8�-�4�1�4�,� �1�9�7�7�.� 

�2�0�.� �S�t�e�l�z�n�e�r�,� �T�J�.�,� �W�e�l�s�h�,� �C�H�.�,� �B�e�r�g�e�r�,� �E�.�,� �M�c�C�u�l�l�o�u�g�h�,� �R�G�.�,� �M�o�r�r�i�s�,� �K�.�,� �R�e�p�i�n�e�,� 

�J�E�.�,� �a�n�d� �W�e�i�l�,� �J�V�.� �A�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �d�i�m�i�n�i�s�h� �t�h�i�o�u�r�e�a� �i�n�d�u�c�e�d� 

�p�u�l�m�o�n�a�r�y� �v�a�s�c�u�l�a�r� �p�r�o�t�e�i�n� �l�e�a�k� �i�n� �r�a�t�s�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� �6�3�:� �1�8�7�7�-�1�8�8�3�,� 

�1�9�8�7� 

�2�1�.� �H�a�l�l�i�w�e�l�l� �B� �a�n�d� �G�u�t�t�e�r�i�d�g�e� �J�M�C�:� �F�o�r�m�a�t�i�o�n� �o�f� �a� �t�h�i�o�b�a�r�b�i�t�u�r�i�c�-�a�c�i�d�-�r�e�a�c�t�i�v�e� 

�s�u�b�s�t�a�n�c�e� �f�r�o�m� �d�e�o�x�y�r�i�b�o�s�e� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �i�r�o�n� �s�a�l�t�s�.� �F�E�B�S� �L�e�t�t�.�.�,� 

�1�2�8�:� �3�4�7�-�3�5�1�,� �1�9�8�1�.� 

�2�2�.� �M�c�C�o�r�d� �J�M� �_� �a�n�d� �F�r�i�d�o�v�i�c�h� �|�:� �T�h�e� �r�e�d�u�c�t�i�o�n� �o�f� �c�y�t�o�c�h�r�o�m�e� �c� �b�y� �m�i�l�k� 

�x�a�n�t�h�i�n�e� �o�x�i�d�a�s�e�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�4�3�:� �5�7�5�3�-�5�7�6�0�,� �1�9�6�8�.� 

�2�3�.� �M�i�s�r�a� �H�P� �a�n�d� �F�r�i�d�o�v�i�c�h�.�|�:� �T�h�e� �r�o�l�e� �o�f� �s�u�p�e�r�o�x�i�d�e� �a�n�i�o�n� �i�n� �t�h�e� �a�u�t�o�x�i�d�a�t�i�o�n� 

�o�f� �e�p�i�n�e�p�h�r�i�n�e� �a�n�d� �a� �s�i�m�p�l�e� �a�s�s�a�y� �f�o�r� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e�.� �J�.� �B�i�o�l�.� 

�C�h�e�m�.� �2�4�7�:� �3�1�7�0�-�3�1�7�5�,� �1�9�7�2�.� 

�2�4�.� �Z�a�n�g� �L�,� �Z�h�a�n�g� �Z� �a�n�d� �M�i�s�r�a� �H�P�:� �E�P�R� �s�t�u�d�i�e�s� �o�f� �t�r�a�p�p�e�d� �s�i�n�g�l�e�t� �o�x�y�g�e�n� 

�(�1�'�O�2�)� �g�e�n�e�r�a�t�e�d� �d�u�r�i�n�g� �p�h�o�t�o�i�r�r�a�d�i�a�t�i�o�n� �o�f� �W�H�y�p�o�c�r�e�l�l�i�n� �A�.� 

�P�h�o�t�o�c�h�e�m�.�P�h�o�t�o�b�i�o�l�.� �5�2�:� �6�7�7�-� �6�8�4�,�1�9�9�0�.� 

�2�5� �M�i�s�r�a� �B�R� �a�n�d� �M�i�s�r�a� �H�P�:� �V�a�s�o�a�c�t�i�v�e� �i�n�t�e�s�t�i�n�a�l� �p�e�p�t�i�d�e�,� �a� �s�i�n�g�l�e�t� �o�x�y�g�e�n� 

�q�u�e�n�c�h�e�r�.� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�6�5�:� �1�5�3�7�1�-�1�5�3�7�4�,�1�9�9�0�.� 

�2�6�.� �H�e�a�r�s�e� �J�D�,� �O�'� �B�r�i�a�n� �O�K�,� �B�r�a�i�m�b�r�i�d�g�e� �M�:� �P�r�o�t�e�c�t�i�o�n� �o�f� �t�h�e� �m�y�o�c�a�r�d�i�u�m� 

�d�u�r�i�n�g� �i�s�c�h�e�m�i�c� �a�r�r�e�s�t�.� �J�.� �T�h�o�r�a�c�.� �C�a�r�d�i�o�v�a�s�c�.� �S�u�r�g�.� �8�1�:� �8�7�3�-�8�7�9�,�1�9�8�1�.� 

�5�4



�2�7�.� �S�c�h�a�u�b� �R�G�,� �L�e�m�o�l�e� �M�G�,� �P�i�n�d�e�r� �G�C�,� �B�l�a�c�k� �P�:� �E�f�f�e�c�t�s� �o�f� �l�i�d�o�c�a�i�n�e� �a�n�d� 

�e�p�i�n�e�p�h�r�i�n�e� �o�n� �m�y�o�c�a�r�d�i�a�l� �p�r�e�s�e�r�v�a�t�i�o�n� �f�o�l�l�o�w�i�n�g� �c�a�r�d�i�o�p�u�l�m�o�n�a�r�y� 

�b�y�p�a�s�s� �i�n� �t�h�e� �d�o�g�.� �u�J�.� �T�h�o�r�a�c�.� �C�a�r�d�i�o�v�a�s�c�.� �S�u�r�g�.� �7�4�:� �5�7�1�-�5�7�6�,� �1�9�7�7�.� 

�2�8�.� �B�e�r�n�i�e�r� �M�,� �H�e�a�r�s�e� �J�D�,� �M�a�n�n�i�n�g� �A�S�:� �R�e�p�e�r�f�u�s�i�o�n�-�i�n�d�u�c�e�d� �a�r�r�h�y�t�h�m�i�a�s� �a�n�d� 

�~� �o�x�y�g�e�n� �d�e�r�i�v�e�d� �f�r�e�e� �r�a�d�i�c�a�l�s�.� �S�t�u�d�i�e�s� �w�i�t�h� �a�n�t�i�-�f�r�e�e� �r�a�d�i�c�a�l� �i�n�t�e�r�v�e�n�t�i�o�n�s� 

�a�n�d� �a� �f�r�e�e� �r�a�d�i�c�a�l� �g�e�n�e�r�a�t�i�n�g� �s�y�s�t�e�m� �i�n� �t�h�e� �i�s�o�l�a�t�e�d� �p�e�r�f�u�s�e�d� �h�e�a�r�t�.� �C�i�r�c�.� 

�R�e�s�.� �5�8�:� �3�3�1�-�3�4�0�,� �1�9�8�6�.� 

�2�9�.� �S�h�l�a�f�e�r� �M�,� �K�a�n�e� �P�F� �a�n�d� �K�i�r�s�h� �M�M�:� �S�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �p�l�u�s� �c�a�t�a�l�a�s�e� 

�e�n�h�a�n�c�e�s� �t�h�e� �e�f�f�i�c�a�c�y� �o�f� �t�h�e� �h�y�p�o�t�h�e�r�m�i�c� �c�a�r�d�i�o�p�l�e�g�i�a� �t�o� �p�r�o�t�e�c�t� �g�l�o�b�a�l�l�y� 

�i�s�c�h�e�m�i�c�,� �r�e�p�e�r�f�u�s�e�d� �h�e�a�r�t�.� �J�.� �T�h�o�r�a�c�.� �C�a�r�d�i�o�v�a�s�c�.� �S�u�r�g�.� �8�3�:� �8�3�0�-�8�3�9�,� 

�1�9�8�2�.� 

�3�0�.� �W�o�o�d�w�a�r�d� �B�,� �Z�a�k�a�r�i�a� �M�:� �E�f�f�e�c�t�s� �o�f� �s�o�m�e� �f�r�e�e� �r�a�d�i�c�a�l� �s�c�a�v�e�n�g�e�r�s� �o�n� 

�r�e�p�e�r�f�u�s�i�o�n� �i�n�d�u�c�e�d� �a�r�r�h�y�t�h�m�i�a�s� �i�n� �t�h�e� �i�s�o�l�a�t�e�d� �r�a�t� �h�e�a�r�t�.� �J�.� �M�o�l�.� �C�e�l�l�.� 

�C�a�r�d�i�o�l�.� �1�6�:� �4�9�7�-�5�1�7�,� �1�9�8�4�.� 

�3�1�.� �M�a�n�n�i�n�g� �A�S�,� �C�o�l�t�a�r�t� �J�D� �a�n�d� �H�e�a�r�s�e� �D�u�:� �I�s�c�h�e�m�i�a� �a�n�d� �r�e�p�e�r�f�u�s�i�o�n�-� 

�i�n�d�u�c�e�d� �a�r�r�h�y�t�h�m�i�a�s� �i�n� �t�h�e� �r�a�t�.� �C�i�r�c�.� �R�e�s�.� �5�5�:� �5�4�5�-�5�5�0�,� �1�9�8�4�.� 

�3�2�.�S�v�i�n�g�e�n� �A�S�,� �O�'� �N�e�a�l� �F�O� �a�n�d� �A�u�s�t� �S�D�:� �T�h�e� �r�o�l�e� �o�f� �s�u�p�e�r�o�x�i�d�e� �a�n�d� �s�i�n�g�l�e�t� 

�o�x�y�g�e�n� �i�n� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�.� �P�h�o�t�o�c�h�e�m�.� �P�h�o�t�o�b�i�o�l�.� �2�8�:� �8�0�3�-�8�0�9�1�9�7�8�.� 

�3�3� �N�i�k�i� �E�,� �Y�a�m�a�m�o�t�o� �Y� �a�n�d� �K�a�m�i�y�a� �Y�:� �I�n�h�i�b�i�t�i�o�n� �o�f� �P�e�r�o�x�i�d�a�t�i�o�n�s� �o�f� �l�i�p�o�s�o�m�a�l� 

�a�n�d� �b�i�o�m�e�m�b�r�a�n�e�s� �b�y� �w�a�t�e�r� �s�o�l�u�b�l�e� �a�n�t�i�o�x�i�d�a�n�t�s�.� �I�n�:� �L�i�p�i�d� �P�e�r�o�x�i�d�a�t�i�o�n� �i�n� 

�B�i�o�l�o�g�i�c�a�l� �S�y�s�t�e�m�s� �(� �E�d�.� �S�e�v�a�n�i�a�n�,� �A�.� �)�,� �p�p� �3�2�-�5�0�,� �A�m�e�r�i�c�a�n� �O�i�l� �C�h�e�m�i�s�t�s� 

�S�o�c�i�e�t�y�,� �C�h�a�m�p�a�i�g�n�,� �I�l�l�i�n�o�i�s�.�1�9�8�8�.� 

�3�4�.� �G�a�u�d�u�e�l� �Y� �a�n�d� �D�u�v�e�l�l�e�r�a�y� �M�A�:� �O�x�y�g�e�n� �r�a�d�i�c�a�l�s� �i�n� �c�a�r�d�i�a�c� �i�n�j�u�r�v� �d�u�e� �t�o� 

�r�e�o�x�y�g�e�n�a�t�i�o�n�.� �J�.� �M�o�l�.� �C�e�l�l�.� �C�a�r�d�i�o�l�.� �1�6�:� �4�5�8�-�4�7�0�,� �1�9�8�4�.� 
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�3�5�.� �C�o�h�e�n� �G�:� �T�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �i�n� �b�i�o�l�o�g�i�c� �s�y�s�t�e�m�s�:� 

�T�o�x�i�c�o�l�o�g�i�c�a�l� �a�s�p�e�c�t�s�.� �P�h�o�t�o�c�h�e�m�.� �P�h�o�t�o�b�i�o�l�.� �2�8�:� �6�6�9�-�6�7�5�,� �1�9�7�8�.� 

�3�6�.� �Z�w�e�i�e�r� �J�L� �,� �F�l�a�h�e�r�t�y� �J�T�,� �a�n�d� �W�e�i�s�f�e�l�d�t� �M�L�:� �D�i�r�e�c�t� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �f�r�e�e� 

�r�a�d�i�c�a�l� �g�e�n�e�r�a�t�i�o�n� �f�o�l�l�o�w�i�n�g� �r�e�p�e�r�f�u�s�i�o�n� �o�f� �i�s�c�h�e�m�i�c� �m�y�o�c�a�r�d�i�u�m�.� �P�r�o�c�.� 

�-� �N�a�t�l�.� �A�c�a�d�.� �S�c�i�.� �8�4�:� �1�4�0�4�-�1�4�0�7�,� �1�9�8�7�.� 

�3�7�.� �K�e�i�t�h� �J�C�,� �J�r�:� �E�f�f�e�c�t� �o�f� �l�i�d�o�c�a�i�n�e� �p�r�e�t�r�e�a�t�m�e�n�t� �o�n� �a�c�u�t�e� �h�a�e�m�o�r�r�a�g�i�c� �s�h�o�c�k� �i�n� 

�t�h�e� �a�n�a�e�s�t�h�e�t�i�z�e�d� �r�a�t�.� �C�i�r�c�.� �S�h�o�c�k� �1�9�:� �2�8�3�-�2�9�2�,� �1�9�8�6�.� 

�3�8�.� �N�o�v�e�l�l�i� �G�P�:� �F�r�e�e� �r�a�d�i�c�a�l�s� �a�n�d� �c�i�r�c�u�l�a�t�o�r�y� �s�h�o�c�k�.� �I�n�:� �T�h�e� �r�o�l�e� �o�f� �O�x�y�g�e�n� 

�R�a�d�i�c�a�l�s� �i�n� �C�a�r�d�i�o�v�a�s�c�u�l�a�r� �D�i�s�e�a�s�e�s� �(� �E�d�s�.� �L �� �A�b�b�a�t�e�,� �A�.� �,� �a�n�d� �U�r�s�i�n�i�,� �F�.�)�,� 

�p�p�1�3�-�2�2�,� �K�l�u�w�e�r� �A�c�a�d�e�m�i�c� �P�u�b�l�i�s�h�e�r�s�,� �D�o�r�d�r�e�c�h�t�,� �T�h�e� �N�e�t�h�e�r�l�a�n�d�s�,� 

�1�9�8�6�.� 
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�C�H�A�P�T�E�R�-�I�I�I� 

�A�N�T�I�A�R�R�H�Y�T�H�M�I�C� �A�G�E�N�T�S�:� 

�S�c�a�v�e�n�g�e�r�s� �o�f� �H�y�d�r�o�x�y�l� �R�a�d�i�c�a�l�s� �a�n�d� 

�I�n�h�i�b�i�t�o�r�s� �o�f� �N�A�D�P�H�-�D�e�p�e�n�d�e�n�t� �L�i�p�i�d� �P�e�r�o�x�i�d�a�t�i�o�n� �i�n� �B�o�v�i�n�e� �L�u�n�g� 

�M�i�c�r�o�s�o�m�e�s� 

�(�P�u�b�l�i�s�h�e�d� �i�n� �t�h�e� �J�o�u�r�n�a�l� �o�f� �B�i�o�l�o�g�i�c�a�l� �C�h�e�m�i�s�t�r�y� �V�o�l�.�2�6�7�,� �N�o� �2�7�,� �p�p�1�9�1�7�2�-� 

�1�9�1�7�8�,� �1�9�9�2�)� 

�A�b�s�t�r�a�c�t� 

�A�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s�,� �e�.�g�.� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �h�a�v�e� �b�e�e�n� 

�s�u�g�g�e�s�t�e�d� �a�s� �a� �m�e�a�n�s� �o�f� �r�e�d�u�c�i�n�g� �m�y�o�c�a�r�d�i�a�l� �d�a�m�a�g�e�.� �T�h�e� �m�o�d�e� �o�f� �a�c�t�i�o�n� �o�f� 

�t�h�e�s�e� �d�r�u�g�s� �h�a�v�e� �b�e�e�n� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e�i�r� �"�m�e�m�b�r�a�n�e� �s�t�a�b�i�l�i�z�i�n�g�"� �p�r�o�p�e�r�t�i�e�s�.� 

�H�o�w�e�v�e�r�,� �a�s� �t�i�s�s�u�e� �i�s�c�h�e�m�i�a�-�r�e�p�e�r�f�u�s�i�o�n� �i�s� �r�e�p�o�r�t�e�d� �t�o� �g�e�n�e�r�a�t�e� �t�o�x�i�c� �s�p�e�c�i�e�s� 

�o�f� �o�x�y�g�e�n�,� �w�e� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �o�x�y�g�e�n� �r�a�d�i�c�a�l� �s�c�a�v�e�n�g�i�n�g� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e�s�e� 

�d�r�u�g�s� �a�n�d� �t�h�e�i�r� �e�f�f�e�c�t� �o�n� �N�A�D�P�H�-�d�e�p�e�n�d�e�n�t� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�.� �T�h�e�s�e� 

�a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �a�r�e� �f�o�u�n�d� �t�o� �b�e� �i�n�e�f�f�e�c�t�i�v�e� �a�s� �s�u�p�e�r�o�x�i�d�e� �r�a�d�i�c�a�l� 

�s�c�a�v�e�n�g�e�r�s� �b�u�t� �a�r�e� �p�o�t�e�n�t� �s�c�a�v�e�n�g�e�r�s� �o�f� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� �w�i�t�h� �r�a�t�e� �c�o�n�s�t�a�n�t�s� �o�f� 

�1�.�8� �X� �1�0�1�9� �M�-�1�s�-�1�,� �1�.�6�1� �X� �1�0�1�0� �M�-�1�s�-�1� �a�n�d� �1�.�4�5� �X� �1�0�1�0� �M�-�1�s�-�1� �f�o�r� �q�u�i�n�i�d�i�n�e�,� 

�l�i�d�o�c�a�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �d�e�o�x�y�r�i�b�o�s�e� �a�s�s�a�y�.� 

�I�n� �E�P�R� �s�t�u�d�y�,� �u�s�i�n�g� �D�M�P�O� �a�s� �a� �s�p�i�n� �t�r�a�p�,� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� 

�p�r�o�c�a�i�n�a�m�i�d�e� �c�a�u�s�e�d� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� �i�n�h�i�b�i�t�i�o�n� �o�f� �D�M�P�O�-�O�H� �a�d�d�u�c�t� 

�f�o�r�m�a�t�i�o�n�.� �T�h�e�s�e� �d�r�u�g�s� �a�l�s�o� �c�a�u�s�e�d� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� �i�n�h�i�b�i�t�i�o�n� �o�f� �N�A�D�P�H�-� 
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�d�e�p�e�n�d�e�n�t� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �w�h�e�n� �l�u�n�g� �m�i�c�r�o�s�o�m�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� �w�i�t�h� 

�N�A�D�P�H� �i�n� �p�r�e�s�e�n�c�e� �o�f� �F�e ��+�-�A�D�P�.� �W�e� �p�r�o�p�o�s�e� �t�h�a�t� �t�h�e� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� 

�e�x�e�r�t� �t�h�e�i�r� �b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t�s�,� �i�n� �p�a�r�t�,� �b�y� �t�h�e�i�r� �a�b�i�l�i�t�y� �t�o� �s�c�a�v�e�n�g�e� �t�o�x�i�c� �s�p�e�c�i�e�s� �o�f� 

�o�x�y�g�e�n� �a�n�d� �b�y� �r�e�d�u�c�i�n�g� �m�e�m�b�r�a�n�e� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�.� 
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�I�n�t�r�o�d�u�c�t�i�o�n� 

�C�l�a�s�s� �|� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �(� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e�)� �a�r�e� 

�w�i�d�e�l�y� �u�s�e�d� �d�r�u�g�s� �w�i�t�h� �s�i�g�n�i�f�i�c�a�n�t� �s�t�a�b�i�l�i�z�i�n�g� �a�c�t�i�v�i�t�y� �o�n� �l�i�p�i�d� �b�i�o�m�e�m�b�r�a�n�e�s� �(�1�)�.� 

�T�h�e�s�e� �d�r�u�g�s� �h�a�v�e� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �a�s� �a� �m�e�a�n�s� �o�f� �r�e�d�u�c�i�n�g� �i�s�c�h�e�m�i�c� 

�m�y�o�c�a�r�d�i�a�l� �d�a�m�a�g�e�.� �P�r�o�l�o�n�g�e�d� �i�s�c�h�e�m�i�a� �s�u�c�h� �a�s� �t�h�a�t� �f�o�l�l�o�w�i�n�g� �m�y�o�c�a�r�d�i�a�l� 

�i�n�f�a�r�c�t�i�o�n�,� �p�u�l�m�o�n�a�r�y� �e�m�b�o�l�i�s�m� �a�n�d� �c�o�n�d�i�t�i�o�n�s� �o�c�c�u�r�r�i�n�g� �d�u�r�i�n�g� �l�o�n�g�-�t�e�r�m� 

�c�o�r�o�n�a�r�y� �b�y�p�a�s�s� �p�r�o�c�e�d�u�r�e�s� �c�a�u�s�e� �s�e�r�i�o�u�s� �d�a�m�a�g�e� �t�o� �t�h�e�s�e� �t�i�s�s�u�e�s�.� �D�u�r�i�n�g� 

�i�s�c�h�e�m�i�a�,� �i�n�c�r�e�a�s�e�d� �r�e�d�u�c�i�n�g� �e�q�u�i�v�a�l�e�n�t�s� �a�r�e� �p�r�o�d�u�c�e�d� �(�2�)� �d�u�e� �t�o� �t�h�e� 

�d�e�c�r�e�a�s�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �o�x�y�g�e�n�,� �a�n�d� �t�h�i�s� �m�a�y� �f�a�v�o�r� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� 

�s�u�p�e�r�o�x�i�d�e� �a�n�i�o�n� �a�n�d� �o�t�h�e�r� �f�r�e�e� �r�a�d�i�c�a�l� �s�p�e�c�i�e�s� �u�p�o�n� �r�e�o�x�y�g�e�n�a�t�i�o�n� �(�3�)�.� �T�h�e� 

�g�e�n�e�r�a�t�i�o�n� �o�f� �s�h�o�r�t� �l�i�v�e�d� �f�r�e�e� �r�a�d�i�c�a�l�s� �l�i�k�e� �s�u�p�e�r�o�x�i�d�e� �a�n�i�o�n�s�,� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� 

�a�n�d� �c�a�r�b�o�n� �c�e�n�t�e�r�e�d� �r�a�d�i�c�a�l�s�,� �h�a�v�e� �b�e�e�n� �o�b�s�e�r�v�e�d� �d�u�r�i�n�g� �m�y�o�c�a�r�d�i�a�l� �i�s�c�h�e�m�i�a� 

�a�n�d� �d�u�r�i�n�g� �p�o�s�t�-�i�s�c�h�e�m�i�c� �r�e�p�e�r�f�u�s�e�d� �m�y�o�c�a�r�d�i�u�m� �(�4�,� �5�)�.� �L�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� 

�p�r�o�v�o�k�e�s� �d�a�m�a�g�e� �t�o� �c�e�l�l�u�l�a�r� �m�e�m�b�r�a�n�e�s� �(�6�)�.� �I�t� �h�a�s� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� 

�d�u�r�i�n�g� �m�y�o�c�a�r�d�i�a�l� �i�s�c�h�e�m�i�a�,� �a�n�d� �e�s�p�e�c�i�a�l�l�y� �a�f�t�e�r� �r�e�o�x�y�g�e�n�a�t�i�o�n� �o�f� �t�h�e� �h�e�a�r�t�,� �t�h�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �l�i�p�i�d� �p�e�r�o�x�i�d�e�s� �i�n� �t�h�e� �t�i�s�s�u�e�s� �i�n�c�r�e�a�s�e�s� �(�7�-�1�0�)�.� �L�i�p�i�d� 

�p�e�r�o�x�i�d�a�t�i�o�n� �m�e�d�i�a�t�e�d� �b�y� �h�y�d�r�o�x�y�!� �r�a�d�i�c�a�l�s� �h�a�s� �a�l�s�o� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �a�s� �a� 

�p�o�s�s�i�b�l�e� �m�e�c�h�a�n�i�s�m� �o�f� �p�u�l�m�o�n�a�r�y� �i�n�j�u�r�y� �(�1�1�-�1�3�)�.� �S�i�n�c�e� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �c�a�n� 

�b�e� �i�n�i�t�i�a�t�e�d� �b�y� �r�e�a�c�t�i�v�e� �s�p�e�c�i�e�s� �o�f� �o�x�y�g�e�n� �w�h�i�c�h� �a�r�e� �p�r�o�d�u�c�e�d� �d�u�r�i�n�g� 

�r�e�p�e�r�f�u�s�i�o�n� �o�f� �i�s�c�h�e�m�i�c� �t�i�s�s�u�e�,� �w�e� �d�e�v�e�l�o�p�e�d� �t�h�e� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� 

�a�g�e�n�t�s� �m�i�g�h�t� �b�e� �e�x�e�r�t�i�n�g� �t�h�e�i�r� �b�e�n�e�f�i�c�i�a�l� �e�f�f�e�c�t�s�,� �i�n� �p�a�r�t�,� �b�y� �a� �f�r�e�e� �r�a�d�i�c�a�l� 

�s�c�a�v�e�n�g�i�n�g� �m�e�c�h�a�n�i�s�m� �t�h�e�r�e�b�y� �i�n�h�i�b�i�t�i�n�g� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�.� �I�n� �t�h�i�s� �s�t�u�d�y� �w�e� 
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�p�r�e�s�e�n�t� �e�v�i�d�e�n�c�e� �t�h�a�t� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �s�u�c�h� �a�s� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� 

�p�r�o�c�a�i�n�a�m�i�d�e� �a�r�e� �p�o�t�e�n�t� �i�n�h�i�b�i�t�o�r�s� �o�f� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �a�n�d� �a�r�e� �c�a�p�a�b�l�e� �o�f� 

�i�n�h�i�b�i�t�i�n�g� �N�A�D�P�H�-�d�e�p�e�n�d�e�n�t� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�.� 
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�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 

�5�,�5�-�d�i�m�e�t�h�y�l�-�1�-�p�y�r�r�o�l�i�n�e� �N�-�o�x�i�d�e� �(�D�M�P�O�)� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �S�i�g�m�a� 

�C�h�e�m�i�c�a�l� �C�o�.�.� �T�h�e� �D�M�P�O� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �s�t�i�r�r�i�n�g� �a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n�s� �o�f� �D�M�P�O� 

�(�9�0�0� �m�M�)� �w�i�t�h� �a�c�t�i�v�a�t�e�d� �c�h�a�r�c�o�a�l� �a�t� �1�0� �m�g�/�m�l� �a�n�d� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �0�.�2�2� �u� 

�M�i�l�l�i�p�o�r�e� �f�i�l�t�e�r� �c�a�r�t�r�i�d�g�e�s�,� �a�n�d� �t�h�e�n� �c�e�n�t�r�i�f�u�g�e�d� �a�t� �2�0�0�0� �X� �g� �f�o�r� �2� �m�i�n�u�t�e�s�.� �T�h�e� 

�p�u�r�i�f�i�e�d� �D�M�P�O� �d�i�d� �n�o�t� �g�i�v�e� �a�n�y� �E�P�R� �s�i�g�n�a�l� �w�h�e�n� �s�c�a�n�n�e�d� �a�t� �4�5� �a�n�d� �9�0� �m�M� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� 

�R�o�s�e� �b�e�n�g�a�l�,� �m�e�t�h�y�l�e�n�e� �b�l�u�e�,� �b�o�v�i�n�e� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e�,� �c�a�t�a�l�a�s�e�,� 

�c�y�t�o�c�h�r�o�m�e� �c� �(� �T�y�p�e� �I�l�l�)�,� �m�a�n�n�i�t�o�l�,� �t�h�i�o�u�r�e�a�,� �s�o�d�i�u�m� �b�e�n�z�o�a�t�e�,� �e�t�h�a�n�o�l�,� 

�l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e�,� �p�r�o�c�a�i�n�a�m�i�d�e�,� �t�h�i�o�b�a�r�b�i�t�u�r�i�c� �a�c�i�d� �(�T�B�A�)�,� �T�r�i�c�h�l�o�r�o� �a�c�e�t�i�c� 

�a�c�i�d� �(�T�C�A�)�,� �a�d�e�n�o�s�i�n�e� �d�i�p�h�o�s�p�h�a�t�e� �(�A�D�P�)�,� �f�e�r�r�i�c� �c�h�l�o�r�i�d�e� �a�n�d� �d�e�o�x�y�r�i�b�o�s�e� 

�w�e�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �S�i�g�m�a� �C�h�e�m�i�c�a�l� �C�o�.� �2�,�2�,�6�,�6�-�T�e�t�r�a�m�e�t�h�y�!� �p�i�p�e�r�i�d�i�n�e� �(�T�E�M�P�)� 

�w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �A�l�d�r�i�c�h�.� �A�l�l� �o�t�h�e�r� �m�a�t�e�r�i�a�l�s� �w�e�r�e� �p�u�r�c�h�a�s�e�d� �a�t� �t�h�e� �h�i�g�h�e�s�t� 

�a�v�a�i�l�a�b�l�e� �p�u�r�i�t�y�.� 
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�P�r�e�p�a�r�a�t�i�o�n� �o�f� �b�o�v�i�n�e� �m�i�c�r�o�s�o�m�e�s�:� 

�O�n�e� �b�o�v�i�n�e� �l�u�n�g� �l�o�b�e� �w�a�s� �c�o�l�l�e�c�t�e�d� �o�n� �i�c�e� �a�f�t�e�r� �s�a�c�r�i�f�i�c�e� �a�n�d� �w�a�s� 

�m�i�n�c�e�d� �w�i�t�h� �s�c�i�s�s�o�r�s�.� �T�h�e� �m�i�n�c�e�d� �l�u�n�g� �w�a�s� �h�o�m�o�g�e�n�i�z�e�d� �f�o�r� �3� �m�i�n� �i�n� �a� �W�a�r�i�n�g� 

�b�l�e�n�d�e�r� �w�i�t�h� �5� �v�o�l�u�m�e�s� �o�f� �i�c�e� �c�o�l�d� �0�.�1�5� �M� �p�o�t�a�s�s�i�u�m� �p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r� �p�H� �7�.�6� 

�a�n�d� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �a� �t�r�i�p�l�e� �l�a�y�e�r�e�d� �c�h�e�e�s�e� �c�l�o�t�h�.� �T�h�e� �f�i�l�t�r�a�t�e� �w�a�s� �c�e�n�t�r�i�f�u�g�e�d� 

�a�t� �2�4�,�0�0�0� �X� �g� �f�o�r� �1�0� �m�i�n�u�t�e�s� �t�o� �r�e�m�o�v�e� �m�i�t�o�c�h�o�n�d�r�i�a�,� �n�u�c�l�e�i� �a�n�d� �c�e�l�l� �d�e�b�r�i�s�.� 

�T�h�e� �s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �t�h�e�n� �c�e�n�t�r�i�f�u�g�e�d� �a�t� �1�0�0�,�0�0�0� �X� �g� �f�o�r� �9�0� �m�i�n�u�t�e�s� �a�n�d� �t�h�e� 

�m�i�c�r�o�s�o�m�a�l� �p�e�l�l�e�t� �w�a�s� �c�o�l�l�e�c�t�e�d�.� �T�h�e� �m�i�c�r�o�s�o�m�e�s� �w�e�r�e� �w�a�s�h�e�d� �b�y� 

�r�e�s�u�s�p�e�n�d�i�n�g� �i�n� �0�.�1�5� �M� �p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r�,� �p�H� �7�.�6�,� �t�o� �t�h�e� �o�r�i�g�i�n�a�l� �v�o�l�u�m�e� �a�n�d� �b�y� 

�s�e�d�i�m�e�n�t�i�n�g� �a�t� �1�0�0�,�0�0�0� �X� �g� �f�o�r� �9�0� �m�i�n�u�t�e�s�.� �T�h�e� �w�a�s�h�e�d� �m�i�c�r�o�s�o�m�a�l� �p�e�l�l�e�t� �w�a�s� 

�t�h�e�n� �r�e�s�u�s�p�e�n�d�e�d� �i�n� �T�r�i�s�-�H�C�l� �b�u�f�f�e�r�,� �p�H� �7�.�6�,� �t�o� �y�i�e�l�d� �a� �f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �1�0� 

�m�g� �m�i�c�r�o�s�o�m�a�l� �p�r�o�t�e�i�n� �p�e�r� �m�l�.� �T�h�e� �w�a�s�h�i�n�g� �p�r�o�c�e�d�u�r�e� �r�e�m�o�v�e�s� �m�o�s�t� 

�c�o�n�t�a�m�i�n�a�n�t�s� �o�f� �h�e�m�o�g�l�o�b�i�n�,� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �a�n�d� �c�a�t�a�l�a�s�e� �f�r�o�m� 

�m�i�c�r�o�s�o�m�a�l� �p�r�o�t�e�i�n�.� �P�r�o�t�e�i�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �B�r�a�d�f�o�r�d� �p�r�o�t�e�i�n� 

�a�s�s�a�y� �u�s�i�n�g� �b�o�v�i�n�e� �s�e�r�u�m� �a�l�b�u�m�i�n� �a�s� �t�h�e� �s�t�a�n�d�a�r�d� �(�1�7�)�.� 

�A�s�s�a�y� �o�f� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�:� 

�L�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �t�h�i�o�b�a�r�b�i�t�u�r�i�c� �a�c�i�d� �m�e�t�h�o�d� �(�1�8�-� 

�1�9�)�.� �T�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e�,� �c�o�n�t�a�i�n�i�n�g� �3� �m�g� �o�f� �m�i�c�r�o�s�o�m�a�l� �p�r�o�t�e�i�n� �i�n� �T�r�i�s�-�H�C�l�!� 

�b�u�f�f�e�r� �p�H� �7�.�6�,� �2�0�0� �u�M� �N�A�D�P�H�,� �1� �m�M� �A�D�P�,� �5�0� �u�M� �F�e�r�r�i�c� �c�h�l�o�r�i�d�e� �w�a�s� �i�n�c�u�b�a�t�e�d� 

�a�t� �3�7�°�C� �f�o�r� �1�5� �m�i�n�.� �L�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �w�a�s� �i�n�i�t�i�a�t�e�d� �b�y� �a�d�d�i�t�i�o�n� �o�f� �N�A�D�P�H� �a�n�d� 

�w�a�s� �t�e�r�m�i�n�a�t�e�d� �b�y� �a�d�d�i�t�i�o�n� �o�f� �2� �m�l� �o�f� �0�.�5�%� �(�w�/�v�)� �T�B�A� �a�n�d� �2�%� �T�C�A�.� �T�h�i�s� �m�i�x�t�u�r�e� 

�w�a�s� �h�e�a�t�e�d� �a�t� �9�5�°�C� �f�o�r� �1�0� �m�i�n�u�t�e�s�.� �T�h�r�e�e� �m�l� �o�f� �c�h�l�o�r�o�f�o�r�m� �w�a�s� �a�d�d�e�d� �a�f�t�e�r� 
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�c�o�o�l�i�n�g� �a�n�d� �t�h�e� �m�i�x�t�u�r�e� �w�a�s� �v�o�r�t�e�x�e�d� �f�o�r� �3�0� �s�.� �S�a�m�p�l�e�s� �w�e�r�e� �c�e�n�t�r�i�f�u�g�e�d� �a�n�d� 

�m�a�l�o�n�d�i�a�l�d�e�h�y�d�e� �(�M�D�A�)� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �r�e�a�d�i�n�g� �a�t� �5�3�5� �n�m� 

�a�g�a�i�n�s�t� �a� �b�l�a�n�k� �t�h�a�t� �c�o�n�t�a�i�n�e�d� �a�l�l� �r�e�a�g�e�n�t�s� �e�x�c�e�p�t� �N�A�D�P�H� �a�n�d� �b�y� �u�s�i�n�g� �a�n� 

�e�x�t�i�n�c�t�i�o�n� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �1�.�5�6� �X� �1�0�5� �M� �c�m�-�1�(�1�9�)�.� �T�h�e� �e�f�f�e�c�t� �o�f� �v�a�r�i�o�u�s� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �w�a�s� �t�e�s�t�e�d� �i�n� �t�h�i�s� 

�s�y�s�t�e�m�.� 

�A�s�s�a�y� �o�f� �N�A�D�P�H�-�C�y�t�o�c�h�r�o�m�e� �P�-�4�5�0� �r�e�d�u�c�t�a�s�e�:� 

�N�A�D�P�H�-�C�y�t�o�c�h�r�o�m�e� �P�-�4�5�0� �r�e�d�u�c�t�a�s�e� �w�a�s� �m�e�a�s�u�r�e�d� �b�y� �i�t�s� �N�A�D�P�H�-� 

�c�y�t�o�c�h�r�o�m�e� �c� �r�e�d�u�c�t�a�s�e� �a�c�t�i�v�i�t�y� �(�2�0�)�.� �O�n�e� �u�n�i�t� �o�f� �N�A�D�P�H�-�C�y�t�o�c�h�r�o�m�e� �c� 

�r�e�d�u�c�t�a�s�e� �i�s� �d�e�f�i�n�e�d� �a�s� �o�n�e� �u�m�o�l�e� �f�e�r�r�i�c�y�t�c�h�r�o�m�e� �c� �r�e�d�u�c�e�d� �p�e�r� �m�i�n�u�t�e�.� �T�h�e� 

�r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� �r�e�a�g�e�n�t�s� �a�t� �f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�:� 

�p�o�t�a�s�s�i�u�m� �c�y�a�n�i�d�e� �1� �m�M�,� �N�A�D�P�H� �4�.�2� �X� �1�0�°�M�,�_� �n�i�c�o�t�i�n�a�m�i�d�e� �1�8�8� �m�M�,� 

�f�e�r�r�i�c�y�t�o�c�h�r�o�m�e� �c� �6� �X� �1�0�°�M�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� 

�p�r�o�c�a�i�n�a�m�i�d�e� �a�t� �v�a�r�i�o�u�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�n� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �c�y�t�o�c�h�r�o�m�e� �P�-�4�5�0� 

�r�e�d�u�c�t�a�s�e� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �i�n� �t�h�i�s� �s�y�s�t�e�m�.� 

�E�P�R� �s�t�u�d�i�e�s�:� 

�H�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �i�n� �a� �F�e�n�t�o�n� �t�y�p�e� �r�e�a�c�t�i�o�n� �a�n�d� �w�e�r�e� 

�d�e�t�e�c�t�e�d� �a�s� �D�M�P�O�-�O�H� �a�d�d�u�c�t�.� �T�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�e�d� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�r�e�a�g�e�n�t�s� �a�t� �t�h�e� �f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�:� �3�1� �u�M� �H�2�Q�2�,� �3�3�.�2� �u�M� �f�e�r�r�o�u�s� �s�u�l�f�a�t�e�,� �0�.�8�3� 

�m�M� �E�D�T�A�,� �1�.�1�2� �m�M� �p�u�r�i�f�i�e�d� �D�M�P�O� �i�n� �0�.�2� �M� �b�o�r�i�c� �a�c�i�d�-�b�o�r�a�x� �b�u�f�f�e�r� �p�H� �7�.�8�.� �T�h�e� 

�r�e�a�c�t�i�o�n� �w�a�s� �i�n�i�t�i�a�t�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �f�e�r�r�o�u�s� �s�u�l�f�a�t�e�.� �V�a�r�i�o�u�s� �l�e�v�e�l�s� �o�f� 

�l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �o�r� �o�t�h�e�r� �s�c�a�v�e�n�g�e�r�s� �o�f� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� 
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�w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �a�b�o�v�e� �s�y�s�t�e�m�.� �T�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �w�a�s� 

�o�b�s�e�r�v�e�d� �a�s� �D�M�P�O�-�O�H� �a�d�d�u�c�t� �o�n� �a� �B�r�u�k�e�r� �D�-�2�0�0� �X�-�B�a�n�d� �E�P�R� �s�p�e�c�t�r�o�m�e�t�e�r�.� 

�S�c�a�n� �c�o�n�d�i�t�i�o�n�s�,� �u�n�l�e�s�s� �o�t�h�e�r�w�i�s�e� �i�n�d�i�c�a�t�e�d� �w�e�r�e� �a�s� �f�o�l�l�o�w�s�:� �m�i�c�r�o�w�a�v�e� 

�f�r�e�q�u�e�n�c�y�,� �1�0�0� �K�H�z�;� �p�o�w�e�r�,� �1�0� �m�W�;� �m�o�d�u�l�a�t�i�o�n� �a�m�p�l�i�t�u�d�e� �1�.�0� �G�;� �m�o�d�u�l�a�t�i�o�n� 

�f�r�e�q�u�e�n�c�y�,�1�0�0� �K�H�z�;� �t�i�m�e� �c�o�n�s�t�a�n�t�,� �0�.�6�4� �s�,� �s�c�a�n� �t�i�m�e� �2�0�0� �s�;� �r�e�c�e�i�v�e�r� �g�a�i�n� �4�.�0� �X� 

�1�0�°�;� �c�e�n�t�e�r� �f�i�e�l�d� �s�e�t�t�i�n�g� �3�4�8�3� �G�.� 

�P�h�o�t�o�l�y�s�i�s� �s�t�u�d�i�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�,� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� 

�o�f� �d�i�s�s�o�l�v�e�d� �a�i�r�,� �i�n� �q�u�a�r�t�z� �c�a�p�i�l�l�a�r�y� �t�u�b�e�s�.� �S�a�m�p�l�e�s� �w�e�r�e� �i�r�r�a�d�i�a�t�e�d� �f�o�r� �v�a�r�i�o�u�s� 

�t�i�m�e� �p�e�r�i�o�d�s� �a�t� �a� �d�i�s�t�a�n�c�e� �o�f� �3�0� �c�m� �f�r�o�m� �t�h�e� �l�e�n�s� �o�f� �a� �V�i�e�w�l�e�x� �V�R�-�2�5� �r�e�m�o�t�e� 

�c�o�n�t�r�o�l�l�e�d� �s�l�i�d�e� �p�r�o�j�e�c�t�o�r�.� �E�P�R� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �m�a�d�e� �a�s� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�.� 

�D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �r�a�t�e� �c�o�n�s�t�a�n�t� 

�T�h�e� �d�e�g�r�a�d�a�t�i�o�n� �o�f� �d�e�o�x�y�r�i�b�o�s�e� �b�y� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �a�n�d� �t�h�e� �p�r�o�d�u�c�t�i�o�n� 

�o�f� �a� �p�i�n�k� �c�h�r�o�m�o�g�e�n� �m�o�n�i�t�o�r�e�d� �s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�r�i�c�a�l�l�y� �h�a�s� �b�e�e�n� �u�s�e�d� �t�o� 

�d�e�t�e�r�m�i�n�e� �t�h�e� �r�a�t�e� �c�o�n�s�t�a�n�t�s� �o�f� �v�a�r�i�o�u�s� �c�o�m�p�o�u�n�d�s� �(�1�4�-�1�6�)� �a�n�d� �a�r�e� �i�n� 

�a�g�r�e�e�m�e�n�t� �w�i�t�h� �t�h�e� �r�a�t�e� �c�o�n�s�t�a�n�t�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �p�u�l�s�e� �r�a�d�i�o�l�y�s�i�s� �m�e�t�h�o�d�.� 

�H�e�n�c�e�,� �w�e� �u�s�e�d� �t�h�e� �d�e�o�x�y�r�i�b�o�s�e� �m�e�t�h�o�d� �(�1�4�)� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �r�a�t�e� �c�o�n�s�t�a�n�t� �f�o�r� 

�r�e�a�c�t�i�o�n� �o�f� �-�O�H� �w�i�t�h� �o�f� �t�h�e� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �(� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� 

�p�r�o�c�a�i�n�a�m�i�d�e�)�.� 

�R�e�a�c�t�i�o�n� �m�i�x�t�u�r�e�s� �c�o�n�t�a�i�n�e�d�,� �i�n� �a� �f�i�n�a�l� �v�o�l�u�m�e� �o�f� �1�.�0� �m�l�,� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�r�e�a�g�e�n�t�s� �a�t� �t�h�e� �f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �s�t�a�t�e�d�:� �D�e�o�x�y�r�i�b�o�s�e� �(�2�.�8� �m�M�)�,� �K�H�2�P�Q�O�,�-� 

�K�O�H� �b�u�f�f�e�r�,� �p�H� �7�.�4� �(�2�0� �m�M�)�,� �F�e�C�l�g� �(�2�5� �u�M�)�,� �E�D�T�A� �(�3�0� �u�M�)�,� �H�2�O�2� �(�1� �m�M�)�,� �a�n�d� 

�a�s�c�o�r�b�a�t�e� �(�1�0�0� �u�M�)�.� �S�o�l�u�t�i�o�n�s� �o�f� �F�e�C�l�3� �a�n�d� �a�s�c�o�r�b�a�t�e� �w�e�r�e� �m�a�d�e� �u�p� 

�i�m�m�e�d�i�a�t�e�l�y� �b�e�f�o�r�e� �u�s�e� �i�n� �d�e�a�e�r�a�t�e�d� �w�a�t�e�r�.� �R�e�a�c�t�i�o�n� �m�i�x�t�u�r�e�s� �w�e�r�e� �i�n�c�u�b�a�t�e�d� 

�a�t� �3�7�°�C� �f�o�r� �1�h�,� �a�n�d� �o�n�e� �m�i� �o�f� �0�.�5�%� �T�B�A� �(�w�/�v�)� �a�n�d� �1�m�l� �o�f� �1�.�4�%� �T�C�A�(�w�/�v�)� �w�a�s� 
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�a�d�d�e�d� �a�n�d� �t�h�e� �m�i�x�t�u�r�e�s� �w�e�r�e� �h�e�a�t�e�d� �a�t� �8�0�°�C� �f�o�r� �3�0� �m�i�n�u�t�e�s�.� �T�h�e� �r�a�t�e� �o�f� 

�d�e�o�x�y�r�i�b�o�s�e� �d�e�g�r�a�d�a�t�i�o�n� �w�a�s� �c�o�n�s�t�a�n�t� �o�v�e�r� �t�h�e� �1�h�r� �i�n�c�u�b�a�t�i�o�n� �p�e�r�i�o�d� �(�1�4�)�.� 
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�R�e�s�u�l�t�s� 

�E�f�f�e�c�t� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �o�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �M�D�A�:� 

�L�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �o�f� �l�u�n�g� �m�i�c�r�o�s�o�m�e�s� �w�e�r�e� �i�n�d�u�c�e�d� �b�y� �i�n�c�u�b�a�t�i�n�g� �t�h�e� 

�l�u�n�g� �m�i�c�r�o�s�o�m�e�s� �w�i�t�h� �2�0�0� �u�M� �N�A�D�P�H� �a�n�d� �1� �m�M� �A�D�P� �c�h�e�l�a�t�e�d� �f�e�r�r�i�c� �c�h�l�o�r�i�d�e� 

�a�n�d� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �T�B�A� �r�e�a�c�t�i�v�e� �M�D�A� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �a�s� �a�n� �i�n�d�e�x� �o�f� �l�i�p�i�d� 

�p�e�r�o�x�i�d�a�t�i�o�n�.� �M�a�l�o�n�d�i�a�l�d�e�h�y�d�e� �p�r�o�d�u�c�t�i�o�n� �b�y� �l�u�n�g� �m�i�c�r�o�s�o�m�e�s� �w�a�s� �l�i�n�e�a�r� �w�i�t�h� 

�r�e�s�p�e�c�t� �t�o� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �m�i�c�r�o�s�o�m�a�l� �p�r�o�t�e�i�n�,� �o�v�e�r� �t�h�e� �r�a�n�g�e� �o�f� �1� �t�o� �3� �m�g� 

�o�f� �p�r�o�t�e�i�n� �p�e�r� �m�l� �(�F�i�g�.� �1�A�)�,� �a�n�d� �w�a�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �N�A�D�P�H� �(�F�i�g�.� 

�1�B�)�.� �A�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�B�,� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �N�A�D�P�H� �b�e�y�o�n�d� 

�6�0�0� �u�M� �d�i�d� �n�o�t� �i�n�c�r�e�a�s�e� �m�a�l�o�n�d�i�a�l�d�e�h�y�d�e� �p�r�o�d�u�c�t�i�o�n�.� �A� �l�i�n�e�a�r� �r�a�t�e� �o�f� �M�D�A� 

�p�r�o�d�u�c�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d� �w�i�t�h� �i�n�c�u�b�a�t�i�o�n� �t�i�m�e� �a�n�d� �a�p�p�e�a�r�e�d� �t�o� �h�a�v�e� �r�e�a�c�h�e�d� �a� 

�m�a�x�i�m�u�m� �a�f�t�e�r� �1�0� �m�i�n� �(�F�i�g�.� �1�C�)�.� �P�r�e�i�n�c�u�b�a�t�i�o�n� �w�i�t�h� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� 

�p�r�o�c�a�i�n�a�m�i�d�e� �i�n�h�i�b�i�t�e�d� �t�h�e� �N�A�D�P�H�-�i�n�d�u�c�e�d� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �i�n� �a� �d�o�s�e� 

�d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r� �(�F�i�g�.� �2�)�.� �L�i�d�o�c�a�i�n�e� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �t�h�e� �m�o�s�t� �p�o�t�e�n�t� �i�n�h�i�b�i�t�o�r� 

�o�f� �N�A�D�P�H�-�d�e�p�e�n�d�e�n�t� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �f�o�l�l�o�w�e�d� �b�y� �q�u�i�n�i�d�i�n�e� �a�n�d� 

�p�r�o�c�a�i�n�a�m�i�d�e�.� �Q�u�i�n�i�n�e�,� �a� �s�t�e�r�e�o�i�s�o�m�e�r� �o�f� �q�u�i�n�i�d�i�n�e� �b�u�t� �a� �l�e�s�s� �e�f�f�e�c�t�i�v�e� 

�a�n�t�i�a�r�r�y�t�h�m�i�c� �a�g�e�n�t� �(�2�1�)�,� �w�a�s� �o�n�l�y� �6�0�-�6�6�%� �a�s� �e�f�f�e�c�t�i�v�e� �a�s� �q�u�i�n�i�d�i�n�e� �a�t� �2�0�0�,� �3�0�0� 

�a�n�d� �4�0�0� �u�M� �c�o�n�c�e�n�t�r�a�i�o�n�s� �i�n� �t�h�i�s� �r�e�a�c�t�i�o�n�.� �T�h�e� �d�o�s�e�-�d�e�p�e�n�d�e�n�t� �e�f�f�e�c�t�s� �o�f� 

�l�i�d�o�c�a�i�n�e� �o�n� �t�h�e� �e�x�t�e�n�t� �o�f� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �w�a�s� �f�u�r�t�h�e�r� �e�x�a�m�i�n�e�d�.� �A�s� �s�h�o�w�n� �i�n� 

�F�i�g�u�r�e� �2�,� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �w�a�s� �s�t�r�o�n�g�l�y� �i�n�h�i�b�i�t�e�d� �b�y� �l�i�d�o�c�a�i�n�e� �a�n�d� �t�h�e� 

�m�a�x�i�m�u�m� �i�n�h�i�b�i�t�i�o�n� �a�c�t�u�a�l�l�y� �a�c�h�i�e�v�e�d� �w�a�s� �7�2�%�.� �W�h�e�n� �t�h�e�s�e� �d�a�t�a� �w�e�r�e� 

�p�r�e�s�e�n�t�e�d� �o�n� �r�e�c�i�p�r�o�c�a�l� �c�o�o�r�d�i�n�a�t�e�s� �(�F�i�g�.� �2� �i�n�s�e�t�)�,� �i�n�h�i�b�i�t�i�o�n�s� �i�n� �a�l�l� �c�a�s�e�s� 

�a�p�p�e�a�r�e�d� �t�o� �b�e� �k�i�n�e�t�i�c�a�l�l�y� �s�i�m�p�l�e� �a�n�d� �t�h�e� �e�x�t�r�a�p�o�l�a�t�i�o�n� �o�f� �t�h�e� �d�a�t�a� �i�n�d�i�c�a�t�e� �t�h�a�t� 
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�t�h�e�r�e� �w�a�s� �a� �m�a�x�i�m�u�m� �o�f� �7�5�%� �i�n�h�i�b�i�t�i�o�n� �o�n� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �b�y� �l�i�d�o�c�a�i�n�e� 

�i�n�d�i�c�a�t�i�n�g� �t�h�e� �e�x�i�s�t�a�n�c�e� �o�f� �a� �c�o�m�p�e�t�i�n�g� �a�l�t�e�r�n�a�t�e� �p�a�t�h�w�a�y� �f�o�r� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�.� 

�E�f�f�e�c�t� �o�f� �s�c�a�v�e�n�g�e�r�s� �o�f� �r�e�a�c�t�i�v�e� �o�x�y�g�e�n� �s�p�e�c�i�e�s� �o�n� �M�D�A� 

�P�r�o�d�u�c�t�i�o�n�:� 

�I�t� �w�a�s� �p�r�e�v�i�o�u�s�l�y� �s�h�o�w�n� �t�h�a�t� �l�i�v�e�r� �m�i�c�r�o�s�o�m�e�s� �g�e�n�e�r�a�t�e� �H�2�O�o� �i�n� �t�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �N�A�D�P�H� �(�2�2�-�2�3�)�.� �S�i�n�c�e� �O�2�-�-� �c�a�n� �d�i�s�m�u�t�a�t�e� �t�o� �f�o�r�m� �H�2�O�2� �a�n�d� �i�n� �a� 

�m�e�t�a�l� �c�a�t�a�l�y�z�e�d� �r�e�a�c�t�i�o�n�,� �H�2�O�2� �+� �O�2�°�:� �c�a�n� �f�o�r�m� �-�O�H�,� �i�t� �h�a�s� �b�e�e�n� �s�u�g�g�e�s�t�e�d� �t�h�a�t� 

�t�h�e� �r�e�a�c�t�i�v�e� �s�p�e�c�i�e�s� �o�f� �o�x�y�g�e�n� �m�a�y� �b�e� �i�n�v�o�l�v�e�d� �i�n� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �i�n�i�t�i�a�t�i�o�n� 

�r�e�a�c�t�i�o�n�.� �I�n� �o�r�d�e�r� �t�o� �c�o�m�p�a�r�e� �t�h�e� �a�c�t�i�o�n� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �w�i�t�h� �o�t�h�e�r� 

�k�n�o�w�n� �s�c�a�v�e�n�g�e�r�s�,� �d�a�t�a� �w�e�r�e� �o�b�t�a�i�n�e�d� �o�n� �N�A�D�P�H�-�d�e�p�e�n�d�e�n�t� �M�D�A� �p�r�o�d�u�c�t�i�o�n� 

�b�y� �l�u�n�g� �m�i�c�r�o�s�o�m�e�s� �i�n� �p�r�e�s�e�n�c�e� �o�r� �a�b�s�e�n�c�e� �o�f� �s�e�v�e�r�a�l� �f�r�e�e� �r�a�d�i�c�a�l� �s�c�a�v�e�n�g�e�r�s�.� 

�T�h�u�s�,� �a�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �|�,� �t�h�e� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� �s�c�a�v�e�n�g�e�r�s� �t�h�i�o�u�r�e�a� �a�n�d� �e�t�h�a�n�o�l� 

�i�n�h�i�b�i�t�e�d� �M�D�A� �f�o�r�m�a�t�i�o�n� �1�0�0� �a�n�d� �6�1�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �a�t� �1�0� �m�M� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� 

�D�M�P�O�,� �a� �s�p�i�n� �t�r�a�p� �w�h�i�c�h� �r�e�m�o�v�e�s� �O�o�-�-� �a�n�d� �O�H�.� �b�y� �f�o�r�m�i�n�g� �D�M�P�O�-�O�O�H� �a�n�d� 

�D�M�P�O�-�O�H� �a�d�d�u�c�t�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �a�l�s�o� �i�n�h�i�b�i�t�e�d� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �M�D�A� �b�y� �1�0�0�%�.� 

�C�a�t�a�l�a�s�e� �a�t� �5�0�0�0� �u�n�i�t�s�/�m�l� �i�n�h�i�b�i�t�e�d� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �M�D�A� �b�y� �8�1�%�.� �S�u�p�e�r�o�x�i�d�e� 

�d�i�s�m�u�t�a�s�e� �1� �t�o� �1�0� �p�g�/�m�l� �d�i�d� �n�o�t� �i�n�h�i�b�i�t� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �M�D�A�,� �r�a�t�h�e�r� �a�_� �s�l�i�g�h�t� 

�i�n�c�r�e�a�s�e� �w�a�s� �n�o�t�e�d�.� �T�h�i�s� �i�s� �i�n� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �o�u�r� �p�r�e�v�i�o�u�s� �r�e�p�o�r�t� �(�2�4�)�.� 

�|� �M�a�n�n�i�t�o�l� �a�n�d� �b�e�n�z�o�a�t�e� �i�n�c�r�e�a�s�e�d� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �M�D�A� �b�y� �2�0� �a�n�d� �3�0�%�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �a�t� �1�0� �m�M� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� �T�h�i�s� �i�s� �i�n� �a�g�r�e�e�m�e�n�t� �w�i�t�h� �C�o�h�e�n� �a�n�d� 

�C�e�d�e�r�b�a�u�m� �(�2�5�)� �w�h�o� �o�b�s�e�r�v�e�d� �s�i�m�i�l�a�r� �e�f�f�e�c�t�s� �o�f� �m�a�n�n�i�t�o�l� �i�n� �a� �l�i�p�i�d� 

�p�e�r�o�x�i�d�a�t�i�o�n�-�d�e�p�e�n�d�e�n�t� �c�h�e�m�i�l�u�m�i�n�e�s�c�e�n�c�e� �r�e�a�c�t�i�o�n�.� �I�t� �i�s� �l�i�k�e�l�y� �t�h�a�t� �m�a�n�n�i�t�o�l� 

�a�n�d� �b�e�n�z�o�a�t�e�,� �b�e�i�n�g� �h�y�d�r�o�p�h�i�l�i�c�,� �c�a�n� �n�o�t� �p�a�r�t�i�t�i�o�n� �t�o� �t�h�e� �m�e�m�b�r�a�n�e� �b�i�l�a�y�e�r� �f�o�r� 

�t�h�e� �e�f�f�e�c�t�i�v�e� �s�c�a�v�e�n�g�i�n�g� �o�f� �-�O�H� �a�t� �t�h�e� �s�i�t�e� �o�f� �i�t�s� �p�r�o�d�u�c�t�i�o�n�.� �I�n� �o�r�d�e�r� �t�o� �t�e�s�t� �t�h�i�s� 
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�h�y�p�o�t�h�e�s�i�s�,� �1� �m�M� �m�a�n�n�i�t�o�l� �w�a�s� �a�d�d�e�d� �t�o� �a� �n�-�o�c�t�a�n�o�l� �/� �w�a�t�e�r� �(�5�0� �:� �5�0�)� �m�i�x�t�u�r�e�,� 

�v�i�g�o�r�o�u�s�l�y� �s�h�a�k�e�n� �f�o�r� �5�m�i�n� �a�n�d� �a�l�l�o�w�e�d� �t�h�e� �p�h�a�s�e�s� �t�o� �s�e�p�a�r�a�t�e�.� �M�a�n�n�i�t�o�l� �w�a�s� 

�m�e�a�s�u�r�e�d� �i�n� �t�h�e� �t�w�o� �p�h�a�s�e�s� �c�o�l�o�r�i�m�e�t�r�i�c�a�l�l�y� �b�y� �t�h�e� �c�h�r�o�m�o�t�r�o�p�i�c� �a�c�i�d�-� 

�f�o�r�m�a�l�d�e�h�y�d�e� �r�e�a�c�t�i�o�n� �u�s�i�n�g� �p�e�r�i�o�d�i�c� �a�c�i�d� �t�o� �o�x�i�d�i�z�e� �t�h�e� �s�u�g�a�r� �a�l�c�o�h�o�l� �(�2�6�)�.� 

�T�h�i�s� �a�s�s�a�y� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �s�e�n�s�i�t�i�v�e� �a�t� �2�0� �u�M� �m�a�n�n�i�t�o�l� �a�n�d� �a� �l�i�n�e�a�r� �s�t�a�n�d�a�r�d� 

�c�u�r�v�e� �w�a�s� �o�b�t�a�i�n�e�d� �w�i�t�h� �m�a�n�n�i�t�o�l� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�r�o�m� �2�0� �n�M� �t�o� �1� �m�M�.� �A�l�m�o�s�t� 

�1�0�0�%� �o�f� �t�h�e� �m�a�n�n�i�t�o�l� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �p�a�r�t�i�t�i�o�n�e�d� �t�o� �t�h�e� �a�q�u�o�u�s� �p�h�a�s�e� �a�n�d� �n�o� 

�t�r�a�c�e� �o�f� �m�a�n�n�i�t�o�l� �w�a�s� �d�e�t�e�c�t�e�d� �i�n� �t�h�e� �n�-�o�c�t�a�n�o�l� �p�h�a�s�e�.� �S�i�n�c�e� �n�-�o�c�t�a�n�o�l� �h�a�s� 

�d�i�e�l�e�c�t�r�i�c� �c�o�n�s�t�a�n�t� �s�i�m�i�l�a�r� �t�o� �m�o�s�t� �b�i�o�m�e�m�b�r�a�n�e�s�,� �i�t� �i�s� �l�i�k�e�l�y� �t�h�a�t� �t�h�e� �l�a�c�k� �o�f� 

�p�r�o�t�e�c�t�i�o�n� �o�f� �m�i�c�r�o�s�o�m�e�s� �a�g�a�i�n�s�t� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �b�y� �m�a�n�n�i�t�o�l� �i�s� �d�u�e� �t�o� �i�t�s� 

�i�n�a�b�i�l�i�t�y� �t�o� �r�e�a�c�h� �t�h�e� �m�e�m�b�r�a�n�e� �l�i�p�i�d� �b�i�l�a�y�e�r�.� 

�E�f�f�e�c�t� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �o�n� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �N�A�D�P�H�-�C�y�t� �P�4�5�0�9� 

�r�e�d�u�c�t�a�s�e�:� 

�I�n� �N�A�D�P�H�-�d�e�p�e�n�d�e�n�t� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�,� �N�A�D�P�H�-�C�y�t� �P�4�5�0�9� �r�e�d�u�c�t�a�s�e� �i�s� 

�t�h�e� �k�e�y� �e�n�z�y�m�e� �c�a�u�s�i�n�g� �o�n�e� �e�l�e�c�t�r�o�n� �r�e�d�u�c�t�i�o�n� �o�f� �m�o�l�e�c�u�l�a�r� �o�x�y�g�e�n� �o�r� �F�e�3�+� 

�(�2�7�)�.� �T�h�i�s� �e�n�z�y�m�e� �s�e�r�v�e�s� �a�s� �e�l�e�c�t�r�o�n� �c�a�r�r�i�e�r� �f�r�o�m� �N�A�D�P�H� �t�o� �o�x�y�g�e�n� �v�i�a� 

�c�y�t�o�c�h�r�o�m�e� �P�4�5�0�.� �A�l�t�h�o�u�g�h� �t�h�e� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �i�n�h�i�b�i�t�e�d� �t�h�e� �N�A�D�P�H�-� 

�d�e�p�e�n�d�e�n�t� �m�i�c�r�o�s�o�m�a�l� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �i�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r�,� �t�h�e�r�e� �i�s� 

�s�t�i�l�l� �r�e�a�s�o�n� �t�o� �b�e�l�i�e�v�e� �t�h�a�t� �t�h�e�s�e� �d�r�u�g�s� �c�o�u�l�d� �i�n�h�i�b�i�t� �t�h�e� �N�A�D�P�H�-�c�y�t� �P�a�s�o� 

�r�e�d�u�c�t�a�s�e� �a�n�d� �t�h�u�s� �l�o�w�e�r� �t�h�e� �f�l�u�x� �o�f� �u�n�i�v�a�l�e�n�t� �o�x�y�g�e�n� �r�e�d�u�c�t�i�o�n� �t�o� �g�e�n�e�r�a�t�e� 

�f�e�w�e�r� �o�x�y�r�a�d�i�c�a�l�s�.� �T�o� �e�x�c�l�u�d�e� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �t�h�i�s� �s�u�b�t�l�e� �a�r�t�i�f�a�c�t� �w�e� �h�a�v�e� 

�e�x�a�m�i�n�e�d� �t�h�e� �e�f�f�e�c�t� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �o�n� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �N�A�D�P�H�-�C�y�t� �P�4�5�9�0� 

�r�e�d�u�c�t�a�s�e�.� �A�s� �s�h�o�w�n� �i�n� �T�a�b�l�e� �I�l�,� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�h�e� �e�n�z�y�m�e�s� �r�e�m�a�i�n� �u�n�c�h�a�n�g�e�d� 

�w�h�e�n� �v�a�r�i�o�u�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �w�e�r�e� 
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�i�n�c�u�b�a�t�e�d� �w�i�t�h� �m�i�c�r�o�s�o�m�e�s� �i�n� �p�r�e�s�e�n�c�e� �o�f� �N�A�D�P�H�.� �T�h�e�s�e� �s�t�u�d�i�e�s� �e�s�t�a�b�l�i�s�h�e�d� 

�t�h�a�t� �t�h�e� �i�n�h�i�b�i�t�i�o�n� �o�f� �m�i�c�r�o�s�o�m�a�l� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �b�y� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �w�a�s� 

�n�o�t� �d�u�e� �t�o� �d�e�c�r�e�a�s�e�d� �p�r�o�d�u�c�t�i�o�n� �o�f� �a�c�t�i�v�e� �o�x�y�g�e�n� �s�p�e�c�i�e�s� �a�n�d� �i�s� �m�o�r�e� �l�i�k�e�l�y� 

�d�u�e� �t�o� �s�c�a�v�e�n�g�i�n�g� �o�f� �t�h�e�s�e� �s�p�e�c�i�e�s� 

�E�f�f�e�c�t�s� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �o�n� �a�c�t�i�v�e� �o�x�y�g�e�n� �s�p�e�c�i�e�s�:� 

�I�n� �a�n� �a�t�t�e�m�p�t� �t�o� �i�d�e�n�t�i�f�y� �t�h�e� �r�a�d�i�c�a�l� �s�p�e�c�i�e�s� �d�i�r�e�c�t�l�y� �i�n�v�o�l�v�e�d� �i�n� �i�n�i�t�i�a�t�i�n�g� 

�l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�,� �a�n�d� �w�h�i�c�h� �c�a�n� �b�e� �s�c�a�v�e�n�g�e�d� �b�y� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s�,� �w�e� 

�i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �r�o�l�e� �o�f� �t�h�e�s�e� �a�g�e�n�t�s� �i�n� �v�a�r�i�o�u�s� �k�n�o�w�n� �a�c�t�i�v�a�t�e�d� �o�x�y�g�e�n� 

�g�e�n�e�r�a�t�i�n�g� �s�y�s�t�e�m�s�.� 

�S�u�p�e�r�o�x�i�d�e� �a�n�i�o�n�s� �a�r�e� �k�n�o�w�n� �t�o� �b�e� �p�r�o�d�u�c�e�d� �w�h�e�n� �x�a�n�t�h�i�n�e� �o�x�i�d�a�s�e� 

�a�c�t�s� �o�n� �x�a�n�t�h�i�n�e� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �m�o�l�e�c�u�l�a�r� �o�x�y�g�e�n�.� �T�h�e� �O�o�g�-�-� �s�o� �g�e�n�e�r�a�t�e�d� 

�c�a�n� �r�e�d�u�c�e� �f�e�r�r�i�c�y�t�o�c�h�r�o�m�e� �c� �a�n�d� �t�h�i�s� �h�a�s� �b�e�e�n� �u�s�e�d� �a�s� �a� �c�o�n�v�e�n�i�e�n�t� �a�s�s�a�y� �f�o�r� 

�s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �(�2�5�)�.� �W�e� �t�e�s�t�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� 

�l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�t� �0�.�5� �a�n�d� �1�.�0� �m�M� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�n�d� 

�f�o�u�n�d� �t�h�a�t� �t�h�e�s�e� �a�g�e�n�t�s� �a�r�e� �n�o�t� �e�f�f�e�c�t�i�v�e� �i�n� �s�c�a�v�e�n�g�i�n�g� �O�e�:� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)�.� 

�T�h�e� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �g�e�n�e�r�a�t�e�d� �i�n� �a� �F�e�n�t�o�n� �t�y�p�e� �s�y�s�t�e�m� �(� �F�e�2�+� �+�H�2�O�o� �-�-� 

�>� �-�O�H� �+� �O�H�:� �+� �F�e�%�+�)� �y�i�e�l�d� �s�p�i�n� �a�d�d�u�c�t�s� �w�i�t�h� �D�M�P�O� �(�2�1�)�.� �T�h�u�s�,� �a�s� �p�r�e�s�e�n�t�e�d� �i�n� 

�F�i�g�.� �3� �(�i�n�s�e�t�)� �a� �w�e�l�l� �c�h�a�r�a�c�t�e�r�i�z�e�d� �1�:�2�:�2�:�1� �p�a�t�t�e�r�e�n� �o�f� �D�M�P�O�-�O�H� �w�i�t�h� �A�n� �=� �A�H�B� �=� 

�1�4�.�9�2� �G� �w�a�s� �o�b�t�a�i�n�e�d� �w�h�e�n� �3�3�.�2� �u�M� �f�e�r�r�o�u�s� �s�u�l�f�a�t�e� �w�a�s� �a�d�d�e�d� �t�o� �3�1� �u�M� �H�2�0�2� 

�i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �1�.�1�2� �m�M� �D�M�P�O� �a�n�d� �0�.�8�3� �m�M� �E�D�T�A� �i�n� �0�.�2� �M� �b�o�r�a�t�e� �b�u�f�f�e�r�,� 

�p�H� �7�.�8�.� �T�h�e� �E�P�R� �s�i�g�n�a�l� �o�f� �D�M�P�O�-�O�H� �a�d�d�u�c�t� �w�a�s� �s�t�a�b�l�e� �f�o�r� �s�e�v�e�r�a�l� �m�i�n�u�t�e�s�.� 

�A�d�d�i�t�i�o�n� �o�f� �-�O�H� �s�c�a�v�e�n�g�e�r�s� �i�n�h�i�b�i�t�e�d� �t�h�e� �s�i�g�n�a�l� �i�n�t�e�n�s�i�t�y� �i�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� 

�m�a�n�n�e�r�.� �T�h�u�s�,� �1�m�M� �t�h�i�o�u�r�e�a� �a�n�d� �3� �m�M� �m�a�n�n�i�t�o�l� �i�n�h�i�b�i�t�e�d� �t�h�e� �s�i�g�n�a�l� �a�l�m�o�s�t� 

�c�o�m�p�l�e�t�e�l�y� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)�.� �T�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �l�i�d�o�c�a�i�n�e�,� 
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�q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �w�e�r�e� �t�e�s�t�e�d� �i�n� �t�h�i�s� �s�y�s�t�e�m�.� �N�o�n�e� �o�f� �t�h�e� 

�a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �r�e�a�c�t�e�d� �w�i�t�h� �H�2�O�e� �w�h�i�c�h� �i�s� �i�n� �a�c�c�o�r�d� �w�i�t�h� �t�h�e� �p�r�e�v�i�o�u�s� 

�f�i�n�d�i�n�g�s� �(�1�)�.� �A�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�A� �-�-�>� �C�,� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� 

�p�r�o�c�a�i�n�a�m�i�d�e� �i�n�h�i�b�i�t�e�d� �t�h�e� �D�M�P�O�-�O�H� �a�d�d�u�c�t� �f�o�r�m�a�t�i�o�n� �i�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� 

�m�a�n�n�e�r�.� �T�h�e� �p�e�r�c�e�n�t� �i�n�h�i�h�i�t�i�o�n� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �s�i�g�n�a�l� �h�e�i�g�h�t�s� �a�n�d� �a�r�e� 

�p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �3�D�.� �T�h�e� �m�o�l�a�r� �c�o�n�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �d�r�u�g�s� �r�e�q�u�i�r�e�d� �t�o� �c�a�u�s�e� 

�5�0�%� �i�n�h�i�b�i�t�i�o�n� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �1�0�8�,� �1�0�8� �a�n�d� �3�0�0� �u�M� �f�o�r� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� 

�a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

�I�f� �i�n�h�i�b�i�t�i�o�n� �b�y� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �o�f� �-�O�H�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�,� �a�r�e� 

�t�r�u�l�y� �a� �r�e�f�l�e�c�t�i�o�n� �o�f� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �t�h�e�s�e� �a�g�e�n�t�s� �w�i�t�h� �t�h�e� �-�O�H�,� �t�h�e�n� �i�d�e�n�t�i�c�a�l� 

�r�e�s�u�l�t�s� �s�h�o�u�l�d� �b�e� �o�b�t�a�i�n�e�d� �w�i�t�h� �a� �d�i�f�f�e�r�e�n�t� �a�s�s�a�y�.� �T�h�a�t� �t�h�i�s� �w�a�s� �t�h�e� �c�a�s�e� �i�s� 

�i�l�l�u�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �4� �w�h�e�r�e� �a� �d�i�f�f�e�r�e�n�t� �a�s�s�a�y�,� �a� �d�e�o�x�y�r�i�b�o�s�e� �c�o�l�o�r�i�m�e�t�r�i�c� �a�s�s�a�y� 

�(�1�4�)�,� �w�a�s� �a�d�o�p�t�e�d�.� �I�n� �t�h�i�s� �a�s�s�a�y� �a� �m�i�x�t�u�r�e� �o�f� �F�e�C�l�g�-�E�D�T�A�,� �H�2�O�e�2� �a�n�d� �a�s�c�o�r�b�i�c� 

�a�c�i�d� �a�t� �p�H� �7�.�4�,� �p�r�o�d�u�c�e� �-�O�H� �r�a�d�i�c�a�l�s� �w�h�i�c�h� �c�a�n� �b�e� �d�e�t�e�c�t�e�d� �b�y� �t�h�e�i�r� �a�b�i�l�i�t�y� �t�o� 

�d�e�g�r�a�d�e� �t�h�e� �s�u�g�a�r� �d�e�o�x�y�r�i�b�o�s�e� �i�n�t�o� �f�r�a�g�m�e�n�t�s� �a�n�d� �w�h�i�c�h� �g�e�n�e�r�a�t�e� �a� �p�i�n�k� 

�c�h�r�o�m�o�g�e�n� �u�p�o�n� �h�e�a�t�i�n�g� �w�i�t�h� �T�B�A� �a�t� �l�o�w� �p�H� �:� 

�F�e�3�+�-�E�D�T�A� �+� �a�s�c�o�r�b�a�t�e� �-�-�-�-�-�-� �>� �F�e�?�+�-�E�D�T�A� �+� �o�x�i�d�i�z�e�d� �a�s�c�o�r�b�a�t�e� �[�1�]� 

�F�e�@�+�-�E�D�T�A� �+� �H�2�0�2� �~�~� �_�_�_�.�.� �>� �F�e ��+�-�E�D�T�A� �+� �-�O�H� �+� �O�H� �[�2�]� 

 ��O�H� �+� �D�e�o�x�y�r�i�b�o�s�e�  ��_ ��-�-�-�-�-�-� �>� �D�e�g�r�a�d�e�d� �S�u�g�a�r� �-�-�-�-�-�-� �>� �C�o�l�o�r� �p�r�o�d�u�c�t� �[�3�]� 
�T�B�A� 

�T�h�e� �-�O�H� �s�o� �g�e�n�e�r�a�t�e�d� �(�r�e�a�c�t�i�o�n� �2�)� �i�s� �e�q�u�a�l�l�y� �a�c�c�e�s�s�i�b�l�e� �t�o� �d�e�o�x�y�r�i�b�o�s�e� �(�t�h�e� 

�d�e�t�e�c�t�o�r� �m�o�l�e�c�u�l�e�)� �a�n�d� �t�o� �a�n�y� �o�t�h�e�r� �s�c�a�v�e�n�g�e�r� �o�f� �-�O�H� �a�d�d�e�d�.� �T�h�u�s�,� �t�h�e� �a�b�i�l�i�t�y� 

�o�f� �a� �s�u�b�s�t�a�n�c�e� �t�o� �i�n�h�i�b�i�t� �c�o�m�p�e�t�i�t�i�v�e�l�y� �w�i�t�h� �d�e�o�x�y�r�i�b�o�s�e� �u�n�d�e�r� �t�h�e�s�e� �c�o�n�d�i�t�i�o�n�s� 

�i�s� �a� �m�e�a�s�u�r�e� �o�f� �i�t�s� �a�b�i�l�i�t�y� �t�o� �s�c�a�v�e�n�g�e� �-�O�H� �a�n�d� �c�a�n� �b�e� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �r�a�t�e� 
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�c�o�n�s�t�a�n�t� �f�o�r� �r�e�a�c�t�i�o�n� �o�f� �-�O�H� �w�i�t�h� �s�c�a�v�e�n�g�e�r�s� �(�1�4�)�.� �L�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� 

�p�r�o�c�a�i�n�a�m�i�d�e� �w�e�r�e� �a�b�l�e� �t�o� �c�o�m�p�e�t�e� �w�i�t�h� �d�e�o�x�y�r�i�b�o�s�e� �e�f�f�e�c�t�i�v�e�l�y� �i�n� �p�r�e�v�e�n�t�i�n�g� 

�t�h�e� �T�B�A� �r�e�a�c�t�i�v�e� �c�o�l�o�r� �p�r�o�d�u�c�t� �f�o�r�m�a�t�i�o�n�.� �T�h�e� �s�e�c�o�n�d� �o�r�d�e�r� �r�a�t�e� �c�n�s�t�a�n�t�s� �f�o�r� �t�h�e� 

�r�e�a�c�t�i�o�n� �o�f� �t�h�e�s�e� �a�g�e�n�t�s� �w�i�t�h� �-�O�H� �w�e�r�e� �c�a�l�c�u�l�a�t�e�d� �(� �R�e�f� �1�4�)� �a�n�d� �w�e�r�e� �f�o�u�n�d� �t�o� 

�b�e� �1�.�8� �X� �1�0�1�9� �M�-�1�s�-�1�,� �1�.�6�1� �X� �1�0�1�0� �M�-�1�s�-�1� �a�n�d� �1�.�4�5� �X� �1�0�1�0� �M�-�1�s�-�1�_� �f�o�r� �q�u�i�n�i�d�i�n�e�,� 

�l�i�d�o�c�a�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�F�i�g�.� �4�)�.� �C�o�n�t�r�o�l� �e�x�p�e�r�i�m�e�n�t�s� �s�h�o�w�e�d� 

�t�h�a�t� �n�o�n�e� �o�f� �t�h�e� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �i�n�t�e�r�f�e�r�e� �w�i�t�h� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t� �o�f� 

�d�e�o�x�y�r�i�b�o�s�e� �d�e�g�r�a�d�a�t�i�o�n� �o�r� �i�t�s�e�l�f� �r�e�a�c�t� �w�i�t�h� �-�O�H� �t�o� �g�i�v�e� �T�B�A� �r�e�a�c�t�i�v�e� �c�o�l�o�r� 

�p�r�o�d�u�c�t�s�.� �T�h�u�s�,� �w�h�e�n� �5�0�0� �u�M� �e�a�c�h� �o�f� �t�h�e� �d�r�u�g� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �r�e�a�c�t�i�o�n� 

�m�i�x�t�u�r�e� �a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �i�n�c�u�b�a�t�i�o�n� �t�i�m�e�,� �b�e�f�o�r�e� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �T�B�A�,� �l�i�t�t�l�e� 

�p�r�o�t�e�c�t�i�o�n� �o�f� �d�e�o�x�y�r�i�b�o�s�e� �d�e�g�r�a�d�a�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d�.� �M�o�r�e�o�v�e�r�,� �w�h�e�n� �t�h�e�s�e� 

�d�r�u�g�s� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �r�e�a�c�t� �w�i�t�h� �t�h�e� �-�O�H� �g�e�n�e�r�a�t�i�n�g� �s�y�s�t�e�m� �i�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� 

�d�e�o�x�y�r�i�b�o�s�e�,� �n�o� �T�B�A� �r�e�a�c�t�i�v�e� �p�r�o�d�u�c�t�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �a�t� �5�3�5� �n�m�.� 

�S�i�n�c�e� �s�i�n�g�l�e�t� �o�x�y�g�e�n� �i�s� �t�h�o�u�g�h�t� �t�o� �b�e� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� 

�p�r�o�c�e�s�s�,� �w�e� �h�a�v�e� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �r�o�l�e� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �i�n� �k�n�o�w�n� �s�i�n�g�l�e�t� 

�o�x�y�g�e�n� �g�e�n�e�r�a�t�i�n�g� �s�y�s�t�e�m�s�.� �T�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �s�i�n�g�l�e�t� �o�x�y�g�e�n� �b�y� 

�p�h�o�t�o�c�h�e�m�i�c�a�l� �r�e�a�c�t�i�o�n�s� �o�f� �r�o�s�e� �b�e�n�g�a�l� �o�r� �m�e�t�h�y�l�e�n�e� �b�l�u�e� �w�a�s� �s�t�u�d�i�e�d� �b�y� �E�P�R� 

�s�p�e�c�t�r�o�s�c�o�p�y� �u�s�i�n�g� �T�E�M�P� �a�s� �a� �s�i�n�g�l�e�t� �o�x�y�g�e�n� �t�r�a�p�.� �W�e� �h�a�v�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�e� 

�f�o�r�m�a�t�i�o�n� �o�f� �T�E�M�P�O� �a�s� �a� �n�i�t�r�o�x�y�l� �r�a�d�i�c�a�l� �b�y� �t�h�e� �a�t�t�a�c�k� �o�f� �s�i�n�g�l�e�t� �m�o�l�e�c�u�l�a�r� 

�o�x�y�g�e�n�,� �g�e�n�e�r�a�t�e�d� �d�u�r�i�n�g� �p�h�o�t�o�a�c�t�i�v�a�t�i�o�n� �o�f� �v�a�r�i�o�u�s� �s�e�n�s�i�t�i�z�e�r�s�,� �o�n� �T�E�M�P� 

�(�2�9�,�3�0�)�.� �T�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �E�P�R� �s�p�e�c�t�r�a�l� �p�a�t�t�e�r�n� �o�f� �t�h�r�e�e� �l�i�n�e�s� �o�f� �e�q�u�a�l� �i�n�t�e�n�s�i�t�y� 

�f�o�r� �t�h�e� �T�E�M�P�O� �n�i�t�r�o�x�i�d�e� �r�a�d�i�c�a�l� �w�a�s� �o�b�s�e�r�v�e�d� �w�h�e�n� �a�i�r� �s�a�t�u�r�a�t�e�d� �a�q�u�e�o�u�s� 

�s�o�l�u�t�i�o�n� �o�f� �r�o�s�e� �b�e�n�g�a�l� �w�e�r�e� �i�r�r�a�d�i�a�t�e�d� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �T�E�M�P� �a�t� �r�o�o�m� 

�t�e�m�p�e�r�a�t�u�r�e� �(�F�i�g�.�5� �i�n�s�e�t�)�.� �T�h�e� �h�y�p�e�r�f�i�n�e� �s�p�l�i�t�t�i�n�g� �c�o�n�s�t�a�n�t�s� �a�n�d� �g�-�v�a�l�u�e� �o�f� �t�h�e� 

�r�a�d�i�c�a�l� �w�e�r�e� �f�o�u�n�d� �t�o� �b�e� �A�y�=�1�7�.�2� �G� �a�n�d� �g�=� �2�.�0�0�5�6�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� 
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�O�u�r� �p�r�e�v�i�o�u�s�l�y� �r�e�p�o�r�t�e�d� �v�a�l�u�e�s� �(�2�9�,�3�0�)�.� �L�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� 

�i�n�h�i�b�i�t�e�d� �t�h�e� �T�E�M�P�O� �f�o�r�m�a�t�i�o�n� �i�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r� �(�F�i�g�.�5�)�.� �H�o�w�e�v�e�r�,� 

�a�s� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �I�I�I�,� �w�h�e�n� �r�o�s�e� �b�e�n�g�a�l� �w�a�s� �r�e�p�l�a�c�e�d� �w�i�t�h� �m�e�t�h�y�l�e�n�e� �b�l�u�e� 

�(�6�0�0� �u�M�)� �a�s� �a� �p�h�o�t�o�s�e�n�s�i�t�i�z�e�r� �a�n�d� �T�E�M�P�O� �a�c�c�u�m�u�l�a�t�i�o�n� �w�a�s� �m�o�n�i�t�o�r�e�d� �f�o�r� �a� 

�p�e�r�i�o�d� �o�f� �1�0� �m�i�n�u�t�e�s�,� �q�u�i�n�i�d�i�n�e� �(�1� �t�o� �1�0� �m�M�)� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �(�1� �t�o� �1�0� �m�M�)� 

�d�i�d� �n�o�t� �i�n�h�i�b�i�t� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �T�E�M�P�O�.� �T�h�i�s� �d�i�f�f�e�r�e�n�c�e� �i�s� �s�u�g�g�e�s�t�i�v�e� �o�f� 

�s�e�n�s�i�t�i�z�e�r� �q�u�e�n�c�h�i�n�g� �r�a�t�h�e�r� �t�h�a�n� �s�i�n�g�l�e�t� �q�u�e�n�c�h�i�n�g�.� �L�i�d�o�c�a�i�n�e� �o�n� �t�h�e� �o�t�h�e�r� 

�h�a�n�d� �w�a�s� �f�o�u�n�d� �t�o� �i�n�h�i�b�i�t� �T�E�M�P�O� �f�o�r�m�a�t�i�o�n� �a�t� �h�i�g�h�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �a� �d�o�s�e�-� 

�d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r�.� �T�h�u�s�,� �a�t� �a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �4�.�1�8� �m�M�,� �l�i�d�o�c�a�i�n�e� �i�n�h�i�b�i�t�e�d� 

�5�0�%� �o�f� �t�h�e� �T�E�M�P�O� �s�i�g�n�a�l�.� 

�7�2



�D�i�s�c�u�s�s�i�o�n� 

�I�n� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� �w�e� �h�a�v�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� 

�(�l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e�)� �i�n�h�i�b�i�t� �N�A�D�P�H�-�d�e�p�e�n�d�e�n�t� �l�i�p�i�d� 

�p�e�r�o�x�i�d�a�t�i�o�n� �a�t� �m�i�c�r�o�m�o�l�a�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� �A�m�o�n�g� �t�h�e� �t�h�r�e�e� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� 

�a�g�e�n�t�s� �t�e�s�t�e�d�,� �t�h�e� �o�r�d�e�r� �o�f� �a�b�i�l�i�t�y� �t�o� �i�n�h�i�b�i�t� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �w�a�s�:� �l�i�d�o�c�a�i�n�e� �>� 

�q�u�i�n�i�d�i�n�e� �>� �p�r�o�c�a�i�n�a�m�i�d�e� �(�F�i�g�.� �2�)�,� �w�h�i�c�h� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �t�h�e�r�a�p�e�u�t�i�c� 

�p�o�t�e�n�t�i�a�l� �o�f� �t�h�e� �d�r�u�g�s� �(�3�1�-�3�3�)�.� 

�L�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�r�e� �f�o�u�n�d� �t�o� �b�e� �s�c�a�v�e�n�g�e�r�s� �o�f� 

�h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�.� �T�h�i�s� �w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �b�o�t�h� �i�n� �t�h�e� �E�P�R� �s�p�i�n�-�t�r�a�p�p�i�n�g� �s�t�u�d�y� 

�a�s� �w�e�l�l� �a�s� �i�n� �t�h�e� �d�e�o�x�y�r�i�b�o�s�e� �d�e�g�r�a�d�a�t�i�o�n� �a�s�s�a�y� �(�F�i�g�.� �3� �a�n�d� �4�)�.� �T�h�u�s�,� �w�h�e�n� 

�-�O�H� �r�a�d�i�c�a�l�s� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �i�n� �a� �F�e�n�t�o�n� �t�y�p�e� �r�e�a�c�t�i�o�n� �a�n�d� �d�e�t�e�c�t�e�d� �a�s� �D�M�P�O�-� 

�O�H� �a�d�d�u�c�t� �b�y� �E�P�R� �s�p�e�c�t�r�o�s�c�o�p�i�c� �t�e�c�h�n�i�q�u�e�s�,� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� 

�p�r�o�c�a�i�n�a�m�i�d�e� �i�n�h�i�b�i�t�e�d� �t�h�e�s�e� �r�e�a�c�t�i�o�n�s� �i�n� �a� �d�o�s�e�-�d�e�p�e�n�d�e�n�t� �m�a�n�n�n�e�r�.� 

�C�o�m�p�a�r�e�d� �t�o� �s�o�m�e� �o�f� �t�h�e� �k�n�o�w�n� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� �s�c�a�v�e�n�g�e�r�s�,� �l�i�d�o�c�a�i�n�e�,� 

�q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �w�e�r�e� �m�o�r�e� �s�e�n�s�i�t�i�v�e� �t�h�a�n� �e�t�h�a�n�o�l� �o�r� �t�h�i�o�u�r�e�a�.� 

�L�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �i�n�h�i�b�i�t�e�d� �1�0�2�-�d�e�p�e�n�d�e�n�t� �T�E�M�P�O� 

�f�o�r�m�a�t�i�o�n� �(�F�i�g�.�5�)� �w�h�e�n� �r�o�s�e� �b�e�n�g�a�l� �w�a�s� �u�s�e�d� �a�s� �a� �s�e�n�s�i�t�i�z�e�r�.� �H�o�w�e�v�e�r�,� �w�h�e�n� 

�r�o�s�e� �b�e�n�g�a�l� �w�a�s� �r�e�p�l�a�c�e�d� �b�y� �m�e�t�h�y�l�e�n�e� �b�l�u�e� �t�h�e�r�e� �w�a�s� �n�o� �i�n�h�i�b�i�t�i�o�n� �o�f� �T�E�M�P�O� 

�f�o�r�m�a�t�i�o�n� �b�y� �b�o�t�h� �q�u�i�n�i�d�i�n�e� �(�1� �t�o� �1�0� �m�M�)� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �(�1� �t�o� �1�0� �m�M�)�.� 

�L�i�d�o�c�a�i�n�e� �i�n�h�i�b�i�t�e�d� �t�h�i�s� �r�e�a�c�t�i�o�n� �a�t� �h�i�g�h� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�h�i�c�h� �i�s� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� 

�O�u�r� �p�r�e�v�i�o�u�s� �f�i�n�d�i�n�g�s� �(�3�4�)�.� �T�h�e� �i�n�h�i�b�i�t�i�o�n� �o�f� �T�E�M�P�O� �f�o�r�m�a�t�i�o�n� �m�a�y� �b�e� �d�u�e� �t�o� 

�i�o�n�i�c� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �c�a�t�i�o�n�i�c� �d�r�u�g�s� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �w�i�t�h� 

�r�o�s�e� �b�e�n�g�a�l� �(�2�°�)� �s�i�n�c�e� �t�h�e�s�e� �d�r�u�g�s� �h�a�d� �m�i�n�i�m�a�l� �e�f�f�e�c�t�s� �w�h�e�n� �c�a�t�i�o�n�i�c� �s�e�n�s�i�t�i�z�e�r� 
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�m�e�t�h�y�l�e�n�e� �b�l�u�e� �(�1�+�)� �w�a�s� �u�s�e�d� �t�o� �g�e�n�e�r�a�t�e� �1�0�2�.� �T�h�e�r�e�f�o�r�e� �i�t� �a�p�p�e�a�r�s� �l�i�k�e�l�y� �t�h�a�t� 

�q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�r�e� �q�u�e�n�c�h�i�n�g� �t�h�e� �s�e�n�s�i�t�i�z�e�r� �r�a�t�h�e�r� �t�h�a�n� �t�h�e� �s�i�n�g�l�e�t� 

�o�x�y�g�e�n�.� �L�i�d�o�c�a�i�n�e�,� �h�o�w�e�v�e�r�,� �w�a�s� �a�b�l�e� �t�o� �i�n�h�i�b�i�t� �T�E�M�P�O� �f�o�r�m�a�t�i�o�n� �i�n� �b�o�t�h� �r�o�s�e� 

�b�e�n�g�a�l� �a�n�d� �m�e�t�h�y�l�e�n�e� �b�l�u�e� �s�y�s�t�e�m�s� �i�n� �a� �d�o�s�e� �d�e�p�e�n�d�e�n�t� �m�a�n�n�e�r� �i�n�d�i�c�a�t�i�n�g� 

�t�h�a�t� �i�t� �m�a�y� �p�o�s�s�e�s� �s�i�n�g�l�e�t� �o�x�y�g�e�n� �s�c�a�v�e�n�g�i�n�g�/�q�u�e�n�c�h�i�n�g� �a�c�t�i�v�i�t�y�.� �A�l�t�h�o�u�g�h� �m�M� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �t�h�e� �d�r�u�g� �a�r�e� �r�e�q�u�i�r�e�d� �t�o� �i�n�h�i�b�i�t� �s�i�n�g�l�e�t� �o�x�y�g�e�n�-�d�e�p�e�n�d�e�n�t� 

�T�E�M�P�O� �f�o�r�m�a�t�i�o�n�,� �t�h�e�s�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�r�e� �c�o�m�p�a�r�a�b�l�e� �t�o� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 

�o�f� �o�t�h�e�r� �k�n�o�w�n� �s�i�n�g�l�e�t� �q�u�e�n�c�h�e�r�s� �s�u�c�h� �a�s� �h�i�s�t�i�d�i�n�e�,� �d�i�m�e�t�h�y�l�f�u�r�a�n� �a�n�d� 

�d�i�p�h�e�n�y�l�f�u�r�a�n� �(�2�4�)� �i�n� �i�n�h�i�b�i�t�i�n�g� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�.� �A�t� �p�h�a�r�m�a�c�o�l�o�g�i�c�a�l�l�y� 

�r�e�l�e�v�a�n�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�,� �h�o�w�e�v�e�r�,� �i�t� �m�a�y� �b�e� �t�h�a�t� �n�o�n�e� �o�f� �t�h�e� �t�h�r�e�e� �a�n�t�i�a�r�r�h�y�m�i�c� 

�d�r�u�g�s� �a�r�e� �e�f�f�i�c�i�e�n�t� �i�n� �s�c�a�v�e�n�g�i�n�g� �s�i�n�g�l�e�t� �o�x�y�g�e�n�.� 

�T�h�e� �c�y�t�o�p�r�o�t�e�c�t�i�v�e� �e�f�f�e�c�t�s� �o�f� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �i�n� 

�m�y�o�c�a�r�d�i�a�l� �i�s�c�h�e�m�i�a� �h�a�v�e� �b�e�e�n� �a�t�t�r�i�b�u�t�e�d� �t�o� �m�e�m�b�r�a�n�e� �s�t�a�b�i�l�i�z�i�n�g� �p�r�o�p�e�r�t�i�e�s� 

�(�3�1�-�3�3�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �s�u�c�h� �"�m�e�m�b�r�a�n�e� �s�t�a�b�i�l�i�z�a�t�i�o�n�"� �h�a�s� �n�o�t� 

�b�e�e�n� �e�l�u�c�i�d�a�t�e�d�.� �R�e�c�e�n�t�l�y�,� �W�o�o�d�w�a�r�d� �a�n�d� �Z�a�k�a�r�i�a� �(�3�5�)� �a�n�d� �M�a�n�n�i�n�g� �e�t� �a�l�.� 

�(�3�6�)� �h�a�v�e� �p�r�o�p�o�s�e�d� �t�h�e� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �o�x�y�g�e�n�-�d�e�r�i�v�e�d� �f�r�e�e� �r�a�d�i�c�a�l�s� �g�e�n�e�r�a�t�e�d� 

�d�u�r�i�n�g� �t�h�e� �e�a�r�l�y� �m�o�m�e�n�t�s� �o�f� �r�e�p�e�r�f�u�s�i�o�n� �m�a�y� �i�n�i�t�i�a�t�e� �m�e�m�b�r�a�n�e� �i�n�j�u�r�y�,� �l�e�a�d�i�n�g� 

�t�o� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �s�e�v�e�r�e� �v�e�n�t�r�i�c�u�l�a�r� �a�r�r�h�y�t�h�m�i�a�s�.� �D�u�r�i�n�g� �m�y�o�c�a�r�d�i�a�l� 

�i�s�c�h�e�m�i�a�,� �e�s�p�e�c�i�a�l�l�y� �a�f�t�e�r� �r�e�o�x�y�g�e�n�a�t�i�o�n� �o�f� �t�h�e� �h�e�a�r�t�,� �t�h�e�r�e� �i�s� �a�n� �a�p�p�a�r�e�n�t� 

�a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �l�i�p�i�d� �p�e�r�o�x�i�d�e�s� �i�n� �t�h�e� �t�i�s�s�u�e� �(�2�,�7�,�9�,�1�0�)�.� �C�a�n�i�n�e� �s�a�r�c�o�l�e�m�m�a�l� 

�m�e�m�b�r�a�n�e�s� �w�e�r�e� �a�l�s�o� �f�o�u�n�d� �t�o� �b�e� �r�e�a�d�i�l�y� �p�e�r�o�x�i�d�i�z�e�d� �b�y� �r�e�a�c�t�i�v�e� �s�p�e�c�i�e�s� �o�f� 

�o�x�y�g�e�n� �a�n�d� �t�h�e� �p�h�o�s�p�h�o�l�i�p�i�d�-�r�i�c�h� �s�a�r�c�o�l�e�m�m�a� �o�f� �v�e�n�t�r�i�c�u�l�a�r� �m�y�o�c�y�t�e�s� �w�e�r�e� 

�p�r�o�p�o�s�e�d� �t�o� �b�e� �a� �m�a�j�o�r� �s�i�t�e� �o�f� �f�r�e�e� �r�a�d�i�c�a�l� �a�t�t�a�c�k� �(�3�7�)�.� �H�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s� �a�r�e� 

�p�r�o�p�o�s�e�d� �t�o� �b�e� �t�h�e� �d�i�r�e�c�t� �i�n�i�t�i�a�t�o�r� �o�f� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �b�y� �c�o�n�c�e�r�t�e�d� �a�d�d�i�t�i�o�n�-� 

�a�b�s�t�r�a�c�t�i�o�n� �r�e�a�c�t�i�o�n�s� �w�i�t�h� �t�h�e� �d�i�e�n�e� �b�o�n�d�s� �o�f� �u�n�s�a�t�u�r�a�t�e�d� �l�i�p�i�d�s� �(�3�8�-�4�1�)�.� �I�t� �w�a�s� 
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�s�u�g�g�e�s�t�e�d� �t�h�a�t� �s�i�n�g�l�e�t� �o�x�y�g�e�n� �a�n�d� �-�O�H� �a�r�e� �i�n�v�o�l�v�e�d� �i�n� �t�h�e� �p�r�o�p�a�g�a�t�i�o�n� �o�f� �l�i�p�i�d� 

�p�e�r�o�x�i�d�a�t�i�o�n� �(�3�8�)� �w�h�i�c�h� �i�n� �t�u�r�n� �c�a�n� �p�r�o�d�u�c�e� �m�e�m�b�r�a�n�e� �d�a�m�a�g�e� �a�n�d� �c�e�l�l� 

�d�y�s�f�u�n�c�t�i�o�n�s� �(�3�9�)�.� �T�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� �p�r�e�s�e�n�t� �s�t�u�d�y� �s�h�o�w� �t�h�a�t� �l�i�d�o�c�a�i�n�e�,� 

�q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�r�e� �p�o�w�e�r�f�u�l� �a�n�t�i�o�x�i�d�a�n�t�s�,� �w�h�i�c�h� �c�a�n� �s�c�a�v�e�n�g�e� 

�h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� �a�n�d� �p�r�e�v�e�n�t� �m�e�m�b�r�a�n�e� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� 

�"�m�e�m�b�r�a�n�e� �s�t�a�b�i�l�i�z�a�t�i�o�n�"� �a�b�i�l�i�t�y� �o�f� �l�i�d�o�c�a�i�n�e� �a�s� �r�e�p�o�r�t�e�d� �e�a�r�l�i�e�r� �m�a�y�,� �i�n� �p�a�r�t�,� �b�e� 

�a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �r�e�a�c�t�i�v�e� �o�x�y�g�e�n� �s�c�a�v�e�n�g�i�n�g� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�i�s� �c�o�m�p�o�u�n�d�.� 

�R�e�c�e�n�t� �s�t�u�d�i�e�s� �h�a�v�e� �i�n�d�i�c�a�t�e�d� �t�h�e� �i�n�v�o�l�v�e�m�e�n�t� �o�f� �r�e�a�c�t�i�v�e� �o�x�y�g�e�n� 

�s�p�e�c�i�e�s� �i�n� �m�y�o�c�a�r�d�i�a�l� �i�s�c�h�e�m�i�a�.� �T�h�u�s�,� �B�e�r�n�i�e�r� �e�t� �a�l�.� �(�4�2�)� �f�o�u�n�d� �t�h�a�t� 

�s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e�,� �c�a�t�a�l�a�s�e�,� �m�a�n�n�i�t�o�l�,� �m�e�t�h�i�o�n�i�n�e�,� �g�l�u�t�a�t�h�i�o�n�e� �a�n�d� 

�d�e�s�f�e�r�r�o�x�a�m�i�n�e� �r�e�d�u�c�e�d� �t�h�e� �i�n�c�i�d�e�n�c�e� �o�f� �r�e�p�e�r�f�u�s�i�o�n�-�i�n�d�u�c�e�d� �v�e�n�t�r�i�c�u�l�a�r� 

�f�i�b�r�i�l�l�a�t�i�o�n� �f�r�o�m� �8�0�%� �t�o� �0�,� �7�,� �7�,� �7�,� �2�0�,� �a�n�d� �7�%�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e�y� �a�l�s�o� 

�d�e�m�o�n�s�t�r�a�t�e�d� �a� �c�l�e�a�r� �d�o�s�e� �d�e�p�e�n�d�e�n�c�y� �f�o�r� �e�a�c�h� �i�n�t�e�r�v�e�n�t�i�o�n�.� �I�n� �a�n�o�t�h�e�r� �s�t�u�d�y� 

�(�1�0�)� �i�t� �w�a�s� �f�o�u�n�d� �t�h�a�t� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �p�l�u�s� �c�a�t�a�l�a�s�e� �e�n�h�a�n�c�e�d� �t�h�e� 

�e�f�f�i�c�a�c�y� �o�f� �h�y�p�o�t�h�e�r�m�i�c� �c�a�r�d�i�o�p�l�e�g�i�a� �i�n� �p�r�o�t�e�c�t�i�n�g� �t�h�e� �g�l�o�b�a�l�l�y� �i�s�c�h�e�m�i�c�,� 

�r�e�p�e�r�f�u�s�e�d� �h�e�a�r�t�.� �T�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �o�x�y�g�e�n�-�c�e�n�t�e�r�e�d� �f�r�e�e� �r�a�d�i�c�a�l�s� �d�u�r�i�n�g� 

�i�s�c�h�e�m�i�a� �a�n�d� �r�e�p�e�r�f�u�s�i�o�n� �o�f� �m�y�o�c�a�r�d�i�u�m� �h�a�v�e� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �a�n�d� �a� �b�u�r�s�t� 

�o�f� �o�x�y�g�e�n� �r�a�d�i�c�a�l� �g�e�n�e�r�a�t�i�o�n� �w�a�s� �s�h�o�w�n� �t�o� �o�c�c�u�r� �w�i�t�h�i�n� �m�o�m�e�n�t�s� �o�f� �r�e�p�e�r�f�u�s�i�o�n� 

�(�4�1�)�.� �E�l�e�c�t�r�o�n� �s�p�i�n� �r�e�s�o�n�a�n�c�e� �s�t�u�d�i�e�s� �h�a�v�e� �c�o�n�f�o�r�m�e�d� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� 

�o�x�y�g�e�n� �f�r�e�e� �r�a�d�i�c�a�l�s�i�n� �i�s�c�h�e�m�i�c�/�r�e�p�e�r�f�u�s�e�d� �r�a�t� �h�e�a�r�t�s� �(�4�,�5�,�4�1�)�.� �T�h�e�s�e� �s�t�u�d�i�e�s� 

�s�u�g�g�e�s�t� �t�h�a�t� �e�x�c�e�s�s�i�v�e� �f�r�e�e� �r�a�d�i�c�a�l�s� �a�r�e� �p�r�o�d�u�c�e�d� �i�n� �t�h�e� �e�x�t�r�a�c�e�l�l�u�l�a�r� 

�c�o�m�p�a�r�t�m�e�n�t� �a�n�d� �t�h�e�s�e� �r�a�d�i�c�a�l�s� �i�n� �t�u�r�n� �a�r�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �t�h�e� �s�a�r�c�o�l�e�m�m�a�l� 

�m�e�m�b�r�a�n�e� �d�a�m�a�g�e�.� �-� 

�I�n� �o�u�r� �p�r�e�s�e�n�t� �s�t�u�d�y�,� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �i�n�h�i�b�i�t�e�d� 

�N�A�D�P�H�-�d�e�p�e�n�d�e�n�t� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�.� �T�h�e� �s�c�a�v�e�n�g�e�r�s� �o�f� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s�,� 
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�s�u�c�h� �a�s� �e�t�h�a�n�o�l�,� �t�h�i�o�u�r�e�a� �a�n�d� �D�M�P�O� �(�4�3�)�,� �w�e�r�e� �f�o�u�n�d� �t�o� �i�n�h�i�b�i�t� �M�D�A� �f�o�r�m�a�t�i�o�n�.� 

�H�o�w�e�v�e�r�,� �m�a�n�n�i�t�o�l� �a�n�d� �b�e�n�z�o�a�t�e� �w�e�r�e� �f�o�u�n�d� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �M�D�A� �f�o�r�m�a�t�i�o�n� 

�w�h�e�n� �u�s�e�d� �i�n� �h�i�g�h�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �(�T�a�b�l�e� �|�)�.� �M�a�n�n�i�t�o�l� �i�s� �K�n�o�w�n� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� 

�p�r�o�d�u�c�t�i�o�n� �o�f� �M�D�A� �w�h�e�n� �c�i�t�r�a�t�e�-�F�e�@�+� �i�s� �u�s�e�d� �a�s� �a� �s�o�u�r�c�e� �o�f� �c�h�e�l�a�t�e�d� �i�r�o�n� �b�u�t� 

�t�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �t�h�i�s� �i�n�c�r�e�a�s�e� �i�s� �n�o�t� �k�n�o�w�n� �(�4�4�)�.� �O�u�r� �d�a�t�a� �i�n�d�i�c�a�t�e� �t�h�a�t� 

�m�a�n�n�i�t�o�l� �c�a�n� �n�o�t� �p�a�r�t�i�t�i�o�n� �t�o� �n�-�o�c�t�a�n�o�l� �p�h�a�s�e�.� �S�i�n�c�e� �n�-�o�c�t�a�n�o�l� �h�a�s� �a� �d�i�e�l�e�c�t�r�i�c� 

�c�o�n�s�t�a�n�t� �s�i�m�i�l�a�r� �t�o� �m�o�s�t� �b�i�o�m�e�m�b�r�a�n�e�s�,� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�h�a�t� �t�h�e� �i�n�a�b�i�l�i�t�y� �o�f� 

�m�a�n�n�i�t�o�l� �t�o� �p�r�o�t�e�c�t� �m�i�c�r�o�s�o�m�a�l� �m�e�m�b�r�a�n�e� �a�g�a�i�n�s�t� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �m�a�y�,� �i�n� 

�p�a�r�t�,� �b�e� �d�u�e� �t�o� �i�t�s� �i�n�a�b�i�l�i�t�y� �t�o� �r�e�a�c�h� �t�h�e� �s�i�t�e� �o�f� �f�r�e�e� �r�a�d�i�c�a�l� �p�r�o�d�u�c�t�i�o�n�.� 

�I�s�o�l�a�t�e�d� �r�a�t� �l�i�v�e�r� �m�i�c�r�o�s�o�m�e�s� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �N�A�D�P�H� �a�n�d� �i�r�o�n� �c�a�n� 

�c�a�t�a�l�y�z�e� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �-�O�H�-�l�i�k�e� �s�p�e�c�i�e�s� �b�y� �a� �r�e�a�c�t�i�o�n� �s�e�n�s�i�t�i�v�e� �t�o� �c�a�t�a�l�a�s�e� 

�b�u�t� �n�o�t� �t�o� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �(�2�4�)�.� �T�h�e� �i�n�v�o�l�v�e�m�e�n�t� �o�f� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� �i�n� �t�h�e� 

�N�A�D�P�H�-�d�e�p�e�n�d�e�n�t� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �h�a�s� �b�e�e�n� �a� �s�u�b�j�e�c�t� �o�f� �c�o�n�t�r�o�v�e�r�s�y�.� �O�u�r� 

�o�b�s�e�r�v�e�d� �i�n�h�i�b�i�t�i�o�n� �o�f� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �b�y� �t�h�e� �s�c�a�v�e�n�g�e�r�s� �o�f� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� 

�a�r�e� �i�n� �a�c�c�o�r�d� �w�i�t�h� �t�h�e� �f�i�n�d�i�n�g�s� �o�f� �s�o�m�e� �i�n�v�e�s�t�i�g�a�t�o�r�s� �(�2�5�,� �4�5�-�4�7�)�,� �b�u�t� �n�o�t� �w�i�t�h� 

�t�h�o�s�e� �o�f� �o�t�h�e�r�s� �(�4�8�,� �4�9�)�.� �T�h�e� �c�o�n�t�r�o�v�e�r�s�y� �r�e�g�a�r�d�i�n�g� �t�h�e� �i�n�v�o�l�v�m�e�n�t� �o�f� �h�y�d�r�o�x�y�l� 

�r�a�d�i�c�a�l�s� �i�n� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �m�a�y�,� �i�n� �p�a�r�t�,� �b�e� �d�u�e� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�t� �l�i�p�i�d� 

�c�o�m�p�o�s�i�t�i�o�n� �o�f� �d�i�f�f�e�r�e�n�t� �m�e�m�b�r�a�n�e�s� �a�n�d� �t�h�e� �m�u�l�t�i�p�l�i�c�i�t�y� �o�f� �m�e�c�h�a�n�i�s�m�s� �o�f� 

�o�x�y�g�e�n� �a�c�t�i�v�a�t�i�o�n� �w�h�i�c�h� �c�a�u�s�e� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�.� �T�h�e� �c�o�m�p�o�s�i�t�i�o�n� �o�f� �t�h�e� 

�r�e�a�c�t�i�o�n� �m�e�d�i�u�m� �(�p�r�e�s�e�n�c�e� �a�n�d� �a�b�s�e�n�c�e� �o�f� �e�x�o�g�e�n�o�u�s� �i�r�o�n�)� �m�a�y� �a�l�s�o� �p�l�a�y� �a�n� 

�i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �g�e�n�e�r�a�t�i�n�g� �t�h�e�s�e� �r�e�a�c�t�i�v�e� �s�p�e�c�i�e�s�.� �T�h�e� �m�e�c�h�a�n�i�s�m� �p�r�o�p�o�s�e�d� 

�b�e�l�o�w� �s�e�e�m�s� �t�o� �b�e� �o�p�e�r�a�t�i�n�g� �i�n� �o�u�r� �s�y�s�t�e�m� �i�n� �g�e�n�e�r�a�t�i�n�g� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s�:� 

�2�0�2�°� �+� �2�H�+�  � � ��~�-�>� � �H�2�O�e� �+� �O�2� �(�1�)� 

�O�o� �+� �A�D�P�-�F�e�s�+� �>� �O�z� �+� �A�D�P�-�F�e�2�+� �(�2�)� 

�A�D�P�-�F�e�*�+� �+� �H�o�0�2� �>� �A�D�P�-�F�e�3�+� �+� �-�O�H� �+� �O�H� �(�3�)� 
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�H�2�0�2� �+� �O�o� �w�e�w�a�e�e�e�e� �>� �O�2� �+� �O�H� �+� �-�O�H� �(�4�)� 

�O�H� �+� �l�i�p�i�d� �w�r�e� �>� �l�i�p�i�d� �p�e�r�o�x�i�d�e�s� 

�T�h�e� �N�A�D�P�H�-�m�i�c�r�o�s�o�m�a�l� �s�y�s�t�e�m� �g�e�n�e�r�a�t�e�s� �O�»�s�-�-� �w�h�i�c�h� �c�a�n� �d�i�s�m�u�t�a�t�e� �a�s� 

�i�n� �r�e�a�c�t�i�o�n� �1� �o�r� �i�t� �c�a�n� �r�e�a�c�t� �w�i�t�h� �H�2�O�o�9� �a�s� �i�n� �r�e�a�c�t�i�o�n� �4�.� �T�h�e� �l�a�t�e�r� �r�e�a�c�t�i�o�n� 

�g�e�n�e�r�a�t�e�s� �t�h�e� �p�o�w�e�r�f�u�l� �o�x�i�d�a�n�t� �-�O�H� �w�h�i�c�h� �c�a�n� �c�o�n�t�i�n�u�e� �t�h�e� �c�h�a�i�n� �r�e�a�c�t�i�o�n� �t�o� 

�p�e�r�o�x�i�d�i�z�e� �t�h�e� �m�e�m�b�r�a�n�e� �l�i�p�i�d�s�.� �R�e�a�c�t�i�o�n�s� �2� �a�n�d� �3� �p�r�e�s�e�n�t�e�d� �h�e�r�e� �a�r�e� �s�i�m�i�l�a�r� 

�t�o� �F�e�n�t�o�n�'�s� �r�e�a�c�t�i�o�n� �(�5�0�-�5�1�)�.� �S�i�n�c�e� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �s�l�i�g�h�t�l�y� �e�n�h�a�n�c�e�d� 

�t�h�e� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �a�n�d� �c�a�t�a�l�a�s�e� �i�n�h�i�b�i�t�e�d� �t�h�e� �r�e�a�c�t�i�o�n�,� �w�e� �p�r�o�p�o�s�e� �t�h�a�t� 

�r�e�d�u�c�e�d� �c�y�t�o�c�h�r�o�m�e� �P�4�5�0� �w�o�u�l�d� �f�o�r�m� �a� �c�o�m�p�l�e�x�,� �s�u�p�e�r�o�x�o�f�e�r�r�i�c�h�e�m�e� �(�F�e�?�+�-�O�2� 

�-�-�-�-�>� �F�e�8�+�-�-�O�o�-�)� �b�y� �r�e�a�c�t�i�n�g� �w�i�h� �m�o�l�e�c�u�l�a�r� �o�x�y�g�e�n� �a�n�d� �t�h�a�t� �a� �s�m�a�l�l� �p�a�r�t� �o�f� �t�h�i�s� 

�c�o�m�p�l�e�x� �w�i�l�l� �d�i�s�s�o�c�i�a�t�e� �t�o� �f�o�r�m� �F�e ��+� �a�n�d� �O�2�-� �(�5�2�)�.� �O�o� �s�o� �g�e�n�e�r�a�t�e�d� �c�a�n� �f�o�r�m� 

�H�2�O�e�2� �c�a�t�a�l�y�z�e�d� �b�y� �s�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �(� �R�e�a�c�t�i�o�n� �1�)�.� �H�e�r�e� �s�u�p�e�r�o�x�i�d�e� 

�d�i�s�m�u�t�a�s�e� �s�h�o�u�l�d� �e�n�h�a�n�c�e� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �b�y� �f�o�r�m�i�n�g� �H�2�O�2� �a�n�d� �c�a�t�a�l�a�s�e� 

�w�o�u�l�d� �i�n�h�i�b�i�t� �t�h�e� �r�e�a�c�t�i�o�n� �b�y� �p�r�e�v�e�n�t�i�n�g� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �-�O�H� �(�R�e�a�c�t�i�o�n� �3�)�.� 

�P�e�r�o�x�i�d�a�t�i�o�n� �o�f� �m�e�m�b�r�a�n�e� �l�i�p�i�d�s� �b�y� �-�O�H� �t�h�e�n� �w�o�u�l�d� �b�e� �i�n�i�t�i�a�t�e�d� �b�y� �h�y�d�r�o�g�e�n� 

�a�b�s�t�r�a�c�t�i�o�n� �f�r�o�m� �a� �m�e�t�h�y�l�e�n�e� �c�a�r�b�o�n� �c�a�t�i�o�n�.� �T�h�a�t� �t�h�e� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� 

�s�c�a�v�e�n�g�e�r�s� �s�u�c�h� �a�s� �t�h�i�o�u�r�e�a�,� �e�t�h�a�n�o�l� �a�n�d� �D�M�P�O� �i�n�h�i�b�i�t�e�d� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �i�s� 

�s�t�r�o�n�g� �e�v�i�d�e�n�c�e� �t�h�a�t� �t�h�e� �r�e�a�c�t�i�v�e� �s�p�e�c�i�e�s�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �h�o�w� �i�t� �i�s� �g�e�n�e�r�a�t�e�d�,� 

�m�u�s�t� �b�e� �-�O�H�.� 

�T�h�e� �f�a�c�t� �t�h�a�t� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �i�n�h�i�b�i�t�e�d� �t�h�e� �l�i�p�i�d� 

�p�e�r�o�x�i�d�a�t�i�o�n� �a�s� �w�e�l�l� �a�s� �s�c�a�v�e�n�g�e�d� �t�h�e� �-�O�H�,� �g�e�n�e�r�a�t�e�d� �i�n� �a� �c�h�e�m�i�c�a�l� �r�e�a�c�t�i�o�n�,� 

�S�u�g�g�e�s�t�s� �t�h�a�t� �t�h�e�s�e� �d�r�u�g�s� �p�r�o�t�e�c�t� �t�h�e� �m�e�m�b�r�a�n�e� �l�i�p�i�d�s� �b�y� �s�c�a�v�e�n�g�i�n�g� �-�O�H�.� 

�H�o�w�e�v�e�r�,� �i�t� �d�o�e�s� �n�o�t� �c�o�n�c�l�u�s�i�v�e�l�y� �e�s�t�a�b�l�i�s�h� �a� �c�a�u�s�e�-�e�f�f�e�c�t� �b�e�t�w�e�e�n� �t�h�e�s�e� �t�w�o� 

�p�h�e�n�o�m�e�n�a�.� �T�w�o� �p�o�i�n�t�s� �n�e�e�d� �t�o� �b�e� �c�o�n�s�i�d�e�r�e�d�:� �(�1�)� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� 

�d�e�p�e�n�d�e�n�c�e� �f�o�r� �i�n�h�i�b�i�t�i�o�n� �o�f� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �b�y� �t�h�e�s�e� �d�r�u�g�s� �i�s� �n�o�t� �p�a�r�a�l�l�e�l�e�d� 
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�b�y� �a� �s�i�m�i�l�a�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �d�e�p�e�n�d�e�n�c�e� �f�o�r� �s�c�a�v�a�n�g�i�n�g� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� �a�n�d�,� �(�2�)� 

�i�t� �i�s� �p�o�s�s�i�b�l�e� �t�h�a�t� �t�h�e� �i�n�h�i�b�i�t�i�o�n� �o�f� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �c�o�u�l�d� �b�e� �d�u�e� �t�o� �t�h�e� �a�b�i�l�i�t�y� �o�f� 

�t�h�e�s�e� �d�r�u�g�s� �t�o� �i�n�t�e�r�a�c�t� �d�i�r�e�c�t�l�y� �w�i�t�h� �l�i�p�i�d�s� �t�h�u�s� �i�n�d�i�r�e�c�t�l�y� �p�r�o�t�e�c�t�i�n�g� �t�h�e� 

�m�e�m�b�r�a�n�e� �f�r�o�m� �-�O�H� �a�t�t�a�c�k�.� �T�h�e� �f�i�r�s�t� �p�h�e�n�o�m�e�n�o�n� �m�a�y� �b�e� �e�x�p�l�a�i�n�e�d� �b�y� �t�h�e� �f�a�c�t� 

�t�h�a�t� �l�i�d�o�c�a�i�n�e� �i�s� �k�n�o�w�n� �t�o� �b�e� �f�u�r�t�h�e�r� �m�e�t�a�b�o�l�i�z�e�d� �i�n� �t�h�e� �b�o�d�y� �r�a�p�i�d�l�y� �a�n�d� 

�e�x�t�e�n�s�i�v�e�l�y� �i�n�t�o� �c�o�m�p�o�u�n�d�s� �(�m�o�n�o�e�t�h�y�l�g�l�y�c�y�l�x�y�l�i�d�i�d�e� �a�n�d� �g�l�y�c�y�l�x�y�l�i�d�i�d�e�)� �w�h�i�c�h� 

�h�a�v�e� �a�n�t�i�a�r�r�y�t�h�m�i�c� �a�c�t�i�v�i�t�i�e�s� �(�5�3�)�;� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�h�a�t� �i�n� �o�u�r� �m�i�c�r�o�s�o�m�a�l�-�N�A�D�P�H� 

�s�y�s�t�e�m� �t�h�e�s�e� �m�e�t�a�b�o�l�i�c� �p�r�o�d�u�c�t�s� �a�r�e� �p�r�o�d�u�c�e�d� �a�n�d� �a�r�e� �b�e�t�t�e�r� �a�n�t�i�o�x�i�d�a�n�t�s� �t�h�a�n� 

�l�i�d�o�c�a�i�n�e� �i�t�s�e�l�f�.� �F�u�r�t�h�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n� �i�s� �n�e�e�d�e�d� �t�o� �r�e�s�o�l�v�e� �t�h�i�s� �i�s�s�u�e�.� �T�o� �l�e�s�s�e�n� 

�t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �t�h�e� �s�e�c�o�n�d� �i�s�s�u�e�,� �a� �r�a�t�h�e�r� �s�u�b�t�l�e� �a�r�t�i�f�a�c�t�,� �w�e� �h�a�v�e� �a�d�d�e�d� 

�s�t�e�a�r�i�c� �a�c�i�d� �t�o� �t�h�e� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �t�o� �e�x�a�m�i�n�e� �i�f� �a�d�d�i�t�i�o�n� �o�f� �a� 

�s�a�t�u�r�a�t�e�d� �l�i�p�i�d� �d�i�m�i�n�i�s�h�e�s� �t�h�e� �e�f�f�e�c�t�i�v�e�n�e�s�s� �o�f� �t�h�e�s�e� �d�r�u�g�s�.� �I�n� �a� �s�i�m�i�l�a�r� �r�e�a�c�t�i�o�n� 

�s�y�s�t�e�m� �t�h�e� �a�c�t�i�v�i�t�y� �o�f� �t�h�e�s�e� �d�r�u�g�s�(�5�0�0� �u�M�)� �r�e�m�a�i�n�e�d� �u�n�c�h�a�n�g�e�d� �i�n� �t�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �5�0�0� �u�M� �s�t�e�a�r�i�c� �a�c�i�d� �(�d�a�t�a� �n�o�t� �p�r�e�s�e�n�t�e�d�)�.� �T�h�e�s�e� �r�e�s�u�l�t�s� �s�t�r�o�n�g�l�y� 

�s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �"�m�e�m�b�r�a�n�e� �s�t�a�b�i�l�i�z�a�t�i�o�n�"� �e�f�f�e�c�t�s� �o�f� �t�h�e�s�e� �d�r�u�g�s� �m�a�y�,� �i�n� �p�a�r�t�,� �b�e� 

�d�u�e� �t�o� �t�h�e�i�r� �a�b�i�l�i�t�y� �t�o� �r�e�m�o�v�e� �t�h�e� �r�e�a�c�t�i�v�e� �o�x�y�g�e�n� �s�p�e�c�i�e�s� 
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�T�a�b�l�e� �|�.� �E�f�f�e�c�t� �o�f� �o�x�y�g�e�n� �r�a�d�i�c�a�l� �s�c�a�v�e�n�g�e�r�s� �o�n� �M�D�A� �f�o�r�m�a�t�i�o�n� �i�n� �b�o�v�i�n�e� 

�l�u�n�g� �m�i�c�r�o�s�o�m�e�s� 

�S�c�a�v�e�n�g�e�r�s� �n�m�o�l�e�s�/�m�g� �p�r�o�t�e�i�n�/�m�i�n� 

�(�%� �C�o�n�t�r�o�l�)� 

�N�o�n�e� �1�0�0� 

�E�t�h�a�n�o�l�,� �1�0� �m�M� �3�9� 

�T�h�i�o�u�r�e�a�,� �1�0� �m�M� �0� 

�M�a�n�n�i�t�o�l�,� �1�0� �m�M� �1�2�0� 

�B�e�n�z�o�a�t�e�,� �1�0� �m�M� �1�3�0� 

�D�M�P�O�,� �1�0� �m�M� �0� 

�C�a�t�a�l�a�s�e�,� �5�0�0�0� �U�n�i�t�s�/�m�l� �1�9� 

�S�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e�,� �1�0� �j�i�g�/�m�l� �1�1�0� 

�S�S�K� �S�V�S�S�S�C�O�S�G�e�G�e�s�X�t� �S�S�S� �e�l� �K�V�s�T� �S�F� �e�e�s� �F�e� �T�H� �S�e�e�n� �S�e�v�e�r� �s�e�e�a�a�n�o�a�v�e�s�e�a�s� 

�T�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�e�d� �3� �m�g� �o�f� �m�i�c�r�o�s�o�m�a�l� �p�r�o�t�e�i�n� �i�n� �T�r�i�s�-�H�C�I� �b�u�f�f�e�r� �p�H� 
�7�.�6�,� �2�0�0� �u�M� �N�A�D�P�H�,� �1� �m�M� �A�D�P� �a�n�d� �5�0� �u�M� �F�e�C�l�s�.� �V�a�r�i�o�u�s� �s�c�a�v�e�n�g�e�r�s� �a�t� 
�i�n�d�i�c�a�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �a�d�d�e�d� �t�o� �t�h�i�s� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �a�n�d� �i�n�c�u�b�a�t�e�d� �f�o�r� 
�1�0� �m�i�n�u�t�e�s� �a�t� �3�7�9�C�.� �L�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �w�a�s� �i�n�i�t�i�a�t�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �N�A�D�P�H� 
�a�n�d� �m�e�a�s�u�r�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �"�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s ��.� 
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�T�a�b�l�e� �I�l� �E�f�f�e�c�t� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �o�n� �c�y�t�o�c�h�r�o�m�e� �P�-�4�5�0� �r�e�d�u�c�t�a�s�e� 

�a�c�t�i�v�i�t�y�.� 

�C�y�t�o�c�h�r�o�m�e� �P�-�4�5�0� �r�e�d�u�c�t�a�s�e�,� �u�n�i�t�s�/�m�g� �p�r�o�t�e�i�n�/�m�i�n� 

�D�r�u�g�.� �(�u�M�)� �L�i�d�e�c�a�i�n�e� �Q�u�i�n�i�d�i�n�e� �P�r�o�c�a�i�n�a�m�i�d�e� 

�2�5� �1�4�.�8�3� �1�6�.�5�8� �1�5�.�4�1� 

�5�0� �1�4�.�8�0� �1�5�.�3�6� �1�5�.�0�3� 

�1�0�0� �1�4�.�8�4� �1�6�.�3�3� �1�5�.�2�6� 

�2�0�0� �1�3�.�4�1� �1�2�.�9�4� �1�3�.�5�9� 

�5�0�0� �1�5�.�4�1� �1�6�.�2�0� �1�5�.�9�8� 

�N�A�D�P�H� �C�y�t�o�c�h�r�o�m�e� �P�-�4�5�0� �r�e�d�u�c�t�a�s�e� �a�c�t�i�v�i�t�y� �w�a�s� �m�e�a�s�u�r�e�d� �b�y� �i�t�s� �c�y�t�o�c�h�r�o�m�e� 
�c� �r�e�d�u�c�t�a�s�e� �a�c�t�i�v�i�t�y�.� �O�n�e� �u�n�i�t� �o�f� �N�A�D�P�H�-�C�y�t�o�c�h�r�o�m�e� �c� �r�e�d�u�c�t�a�s�e� �i�s� �d�e�f�i�n�e�d� �a�s� 
�o�n�e� �p�m�o�l�e� �f�e�r�r�i�c�y�t�o�c�h�r�o�m�e� �c� �r�e�d�u�c�e�d� �p�e�r� �m�i�n�u�t�e� �p�e�r� �m�g� �p�r�o�t�e�i�n�.� �T�h�e� �r�e�a�c�t�i�o�n� 
�c�o�n�d�i�t�i�o�n�s� �w�e�r�e� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �m�e�t�h�o�d�s� �s�e�c�t�i�o�n�.� 
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�T�a�b�l�e� �I�l�l�.� �E�f�f�e�c�t�s� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �o�n� �m�e�t�h�y�l�e�n�e� �b�l�u�e� 

�s�e�n�s�i�t�i�z�e�d� �s�i�n�g�l�e�t� �o�x�y�g�e�n� �g�e�n�e�r�a�t�i�n�g� �s�y�s�t�e�m�.� 

� � 

� � 

�C�o�n�c�e�n�t�r�a�t�i�o�n� �P�e�r�c�e�n�t� �I�n�h�i�b�i�t�i�o�n� 

�o�f� �D�r�u�g�s� �L�i�d�o�c�a�i�n�e� �Q�u�i�n�i�d�i�n�e� �P�r�o�c�a�i�n�a�m�i�d�e� 

�2�m�M� �3�5� �0� �0� 

�5� �m�M� �5�2� �0� �0� 

�7�m�M� �7�0� �0� �0� 

�1�0� �m�M� �8�3� �0� �0� 

� � 

�E�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �a�s� �d�e�s�c�r�i�b�e�d� �u�n�d�e�r� �"�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�"�.� �L�i�d�o�c�a�i�n�e�,� 
�q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�t� �i�n�d�i�c�a�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �a�d�d�e�d� �t�o� �6�0�0�u�M� 
�m�e�t�h�y�l�e�n�e� �b�l�u�e�,� �6�5� �m�M� �T�E�M�P� �a�n�d� �0�.�0�5� �M� �p�o�t�a�s�s�i�u�m� �p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r�,� �p�H� �7�.�8� �w�i�t�h� �1�0�°� 
�4�M� �E�D�T�A�.� �T�h�e� �T�E�M�P�O� �f�o�r�m�a�t�i�o�n� �w�a�s� �r�e�c�o�r�d�e�d� �a�f�t�e�r� �i�r�r�a�d�i�a�t�i�n�g� �t�h�e� �m�i�x�t�u�r�e� �f�o�r� �5� �m�i�n�.� 
�T�h�e� �p�e�r�c�e�n�t� �i�n�h�i�b�i�t�i�o�n� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �i�n�t�e�n�s�i�t�y� �o�f� �t�h�e� �f�i�r�s�t� �s�i�g�n�a�l�.� 
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�0�.�2� �0�.�2� 

�E� �B� 
�b�o� �A� �i�H� �7� 

�©� 
�W�w� 

�o� 
�0�.�1� �>�»� �o�n� 

�©� 
�C�c� 
�©� �.� �2� �J� 
�o�O� 

�a� 
�0� �0� �l� �I� �,� �I� �l� �|� �J� �<�q� 

�s� �0�.�0� �e�t� �n�m� �|� �m�T� �|� �T�F� 

�0� �1� �2� �3� �4� �0�0� �o�2� �o�4� �0�6� �#�O�8� �1�0� 
�M�i�c�r�o�s�o�m�a�l� �p�r�o�t�e�i�n�,� �m�g� �N�A�D�P�H�,� �m�M� 

�0�.�1�2� 

�E� 
�0�.�1�0� �F� �1�9� �r� �o�C� 

�m�i� �0�.�0�8� �-� 

�r�e�)� �r� 
�a�)� �0�.�0�6� �F�-� 

�o�O� �[� 
�c� �0�.�0�4� �F� 

�a� 
�O�C� �0�.�0�2� �|�-� 

�2� �o�o�n� �.� �,� 
�< �� �"�9� �1�0� �2�0� 

�I�n�c�u�b�a�t�i�o�n� �t�i�m�e�,� �m�i�n� 

�F�i�g� �1�.� �O�p�t�i�m�i�z�a�t�i�o�n� �o�f� �N�A�D�P�H�-�d�e�p�e�n�d�e�n�t� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �a�s�s�a�y�.� 
�T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �"�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�"�.� �T�h�e� 
�r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�e�d� �1� �m�M� �A�D�P�,� �5�0� �u�M� �F�e�C�l�s�,� �i�n� �T�r�i�s�-�H�C�l� �b�u�f�f�e�r�,� �p�H� �7�.�6�,� 
�i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �(�A�)�:� �i�n�d�i�c�a�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �m�i�c�r�o�s�o�m�a�l� �p�r�o�t�e�i�n�,� �(�B�)�:� 
�v�a�r�i�n�g� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �N�A�D�P�H� �a�n�d� �(�C�)�:� �i�n�c�u�b�a�t�e�d� �f�o�r� �v�a�r�y�i�n�g� �t�i�m�e� �p�e�r�i�o�d�s� �a�t� 
�3�7�°�C�.� �L�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �w�a�s� �i�n�i�t�i�a�t�e�d� �b�y� �a�d�d�i�t�i�o�n� �o�f� �N�A�D�P�H� �a�n�d� �w�a�s� 
�t�e�r�m�i�n�a�t�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �2� �m�l� �o�f� �0�.�5�%� �(�w�/�v�)� �T�B�A� �a�n�d� �2�%� �T�C�A�.� �T�h�i�s� �m�i�x�t�u�r�e� 
�w�a�s� �h�e�a�t�e�d� �a�t� �9�5�°�C� �f�o�r� �1�0� �m�i�n�u�t�e�s�.� 
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�8�0� 

�,� �2�.�2� 
�S� �b�e� 

�.� �o�S� �.� �°� 
�7� �>�<� �2�.�0� �-� 

�a� �O�U� 
�6�0� �F� �6� �1�8� �f�F� 

�=� 
�a� �©� �|� 

�r� �f�e� �1�6�7� 

�=� �[� 
 ¬� �1�.�4� 
�©� �[� � �y�=�1�,�3�3�9�8�+�2�.�0�2�0�5�e�-�2�x� �R�*�2� �=� �0�.�9�9�8� 

�4�0� �F� �2� �1�.�2� �a� �d�d� �l�d� �d�l� 

�=� �o� �1�0� �2�0� �3�0� �4�0� �8� �§�0� 
�1�/�C�o�n�c�e�n�t�r�a�t�i�o�n�,� �m�M� 

�2�0� �F� 

�@� �L�i�d�o�c�a�i�n�e� 

�©� �Q�u�i�n�i�d�i�n�e� 

�A� �P�r�o�c�a�i�n�a�m�i�d�e� 

�0� �t�l� �|�  ��l�.�  �� �|� �|� �_� �a�l� �1� �l� �1� 

�0� �1�0�0� �2�0�0� �3�0�0� �4�0�0� �5�0�0� �6�0�0� �7�0�0� �8�0�0� 

�A�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �(�u�M�)� 

�F�i�g� �2� �E�f�f�e�c�t� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �(�l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e�)� �o�n� �N�A�D�P�H� �d�e�p�e�n�d�e�n�t� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n�.� �T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �"�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s�"�.� �T�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�e�d� �3�m�g�/�m�l� �o�f� �m�i�c�r�o�s�o�m�a�l� �p�r�o�t�e�i�n�s�,� �2�0�0� �u�M� �N�A�D�P�H�,� �1� �m�M� �A�D�P�,� �5�0� �u�M� �F�e�C�l� �a�n�d� �t�h�e� �i�n�d�i�c�a�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�n�i�c� �d�r�u�g�s� �i�n� �T�r�i�s�-�H�C�l� �b�u�f�f�e�r�,� �p�H� �7�.�6� �a�n�d� �w�a�s� �i�n�c�u�b�a�t�e�d� �a�t� �3�7�9�C� �f�o�r� �1�0� �m�i�n�.� �L�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �w�a�s� �i�n�i�t�i�a�t�e�d� �b�y� �a�d�d�i�t�i�o�n� �o�f� �N�A�D�P�H� �a�n�d� �w�a�s� �t�e�r�m�i�n�a�t�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �2� �m�l� �o�f� �0�.�5�%� �(�w�/�v�)� �T�B�A� �a�n�d� �2�%� �T�C�A� �T�h�i�s� �m�i�x�t�u�r�e� �w�a�s� �h�e�a�t�e�d� �a�t� �9�5�°�C� �f�o�r� �1�0� �m�i�n�u�t�e�s�.� �|� 
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�o�a� �N�e� 
�L�V�M� �N�P� �N�A�R�S� �i�g� �A�D�R� �A�N�,� �p�e�r�r�y� �5� 

�F�i�g� �3�.� �E�f�f�e�c�t� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �o�n� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �D�M�P�O�-�O�H� 
�a�d�d�u�c�t�.�T�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s� �a�r�e� �a�s� �d�e�s�c�r�i�b�e�d� �u�n�d�e�r� �"�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s ��.� 
�T�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �c�o�n�t�a�i�n�e�d�:� �3�1� �u�M� �H�2�O�9�,� �1�.�1�2� �m�M� �D�M�P�O�,� �i�n� �b�o�r�i�c� �a�c�i�d�-�b�o�r�a�x� 
�b�u�f�f�e�r�,� �p�H� �7�.�8�,� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �3�3�.�2� �u�M� �f�e�r�r�o�u�s� �s�u�l�f�a�t�e� �a�n�d� �0�.�8�3� �m�M� �E�D�T�A�.� �T�h�e� 
�D�M�P�O�-�O�H� �a�d�d�u�c�t� �f�o�r�m�a�t�i�o�n� �w�a�s� �r�e�c�o�r�d�e�d� �i�m�m�e�d�i�a�t�e�l�y�.� �R�e�c�e�i�v�e�r� �g�a�i�n� �w�a�s� �4�.�0�X� �1�0�9�,� 
�a�n�d� �t�h�e� �s�c�a�n� �r�a�t�e� �o�f� �2�0�0� �s�e�c�o�n�d�s�.� �O�t�h�e�r� �E�P�R� �p�a�r�a�m�e�t�e�r�s� �w�e�r�e� �s�a�m�e� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� 
�"�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s ��.� �A�:� �L�i�d�o�c�a�i�n�e�,� �L�i�n�e� �1�:� �c�o�n�t�r�o�l� �,� �L�i�n�e� �2�:� �1�0�0� �p�M� �l�i�d�o�c�a�i�n�e�;� 
�L�i�n�e� �3�:� �2�0�0� �u�M� �l�i�d�o�c�a�i�n�e�;� �L�i�n�e� �4�:� �3�0�0� �u�M� �l�i�d�o�c�a�i�n�e�;� �L�i�n�e� �5�:� �1�.�2� �m�M� �D�M�P�O� �o�n�l�y�;� �B�:� 
�Q�u�i�n�i�d�i�n�e�,� �L�i�n�e� �1� �c�o�n�t�r�o�l�;� �L�i�n�e� �2�:� �5�0� �U�M� �q�u�i�n�i�d�i�n�e�;� �L�i�n�e� �3�:� �1�0�0� �u�M� �q�u�i�n�i�d�i�n�e�;� �L�i�n�e� �4�:� 
�2�0�0� �u�M� �q�u�i�n�i�d�i�n�e�;� �L�i�n�e� �5�:� �1�.�2� �m�M� �D�M�P�O� �o�n�l�y� �C�:� �P�r�o�c�a�i�n�a�m�i�d�e�,� �L�i�n�e� �1�:� �c�o�n�t�r�o�l�;� �L�i�n�e� 
�2�:� �1�0�0� �u�M� �p�r�o�c�a�i�n�a�m�i�d�e�;� �L�i�n�e� �3�:� �2�0�0� �u�M� �p�r�o�c�a�i�n�a�m�i�d�e�;� �L�i�n�e� �4�:� �4�0�0� �u�M� �p�r�o�c�a�i�n�a�m�i�d�e�;� 
�L�i�n�e� �5�:� �1�.�2� �m�M� �D�M�P�O� �o�n�l�y�.� �8�4
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�F�i�g� �4�.� �H�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� �s�c�a�v�e�n�g�i�n�g� �b�y� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s�:� 
�d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �r�a�t�e� �c�o�n�s�t�a�n�t�s�.� �D�e�o�x�y�r�i�b�o�s�e� �d�e�g�r�a�d�a�t�i�o�n� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� 
�v�a�r�i�o�u�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �w�a�s� �f�o�l�l�o�w�e�d� �a�s� �d�e�s�c�r�i�b�e�d� �u�n�d�e�r� 
�"�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s �� �u�s�i�n�g� �a� �f�i�n�a�l� �d�e�o�x�y�r�i�b�o�s�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �2�.�8� �m�M� �i�n� �t�h�e� 
�r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e�.� �T�h�e� �r�a�t�e� �c�o�n�s�t�a�n�t� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �f�o�r�m� �t�h�e� �s�l�o�p�e� �o�f� �t�h�e� �l�i�n�e� �(�k� �=� 
�s�l�o�p�e� �X� �K�p�p� �X� �[�D�R�]� �X� �A�)� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �t�e�x�t� �g�i�v�i�n�g� �t�h�e� �v�a�l�u�e� �o�f� �l�i�d�o�c�a�i�n�e�,� �1�.�6� �X� 
�1�0�1�0� �M�-�t�s�-�1�;� �q�u�i�n�i�d�i�n�e�,� �1�.�8� �X� �1�0�1�9� �M�-�1�s�-�1�;� �p�r�o�c�a�i�n�a�m�i�d�e� �1�.�4�5� �X� �1�0�1�9� �M�-�1� �s�-�1� �i�n� �t�h�i�s� 
�e�x�p�e�r�i�m�e�n�t� 
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�0� �1� 

�A�n�t�i�a�r�r�h�y�t�h�m�i�c� �D�r�u�g�s� �(�m�M�)� 

�E�f�f�e�c�t� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �o�n� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �T�E�M�P�-�1�0�>� 
�T�h�e� �e�x�p�e�r�i�m�a�n�t�a�l� �c�o�n�d�i�t�o�n�s� �a�r�e� �a�s� �d�e�s�c�r�i�b�e�d� �u�n�d�e�r� �"�M�a�t�e�r�i�a�l�s� �a�n�d� 

�M�e�t�h�o�d�s�"�.� �L�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�t� �i�n�d�i�c�a�t�e�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� 
�a�d�d�e�d� �t�o� �4�0� �u�M� �r�o�s�e� �b�e�n�g�a�l�,� �6�5� �m�M� �T�E�M�P� �d�i�s�s�o�l�v�e�d� �i�n� �e�t�h�a�n�o�l� �(�f�i�n�a�l� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� 
�e�t�h�a�n�o�l� �w�a�s� �1�0�%�)�,� �i�n� �0�.�0�5�M� �p�o�t�a�s�s�i�u�m� �p�h�o�s�p�h�a�t�e� �b�u�f�f�e�r�,� �p�H� �7�.�8�,� �w�i�t�h� �1�0�°�4� �E�D�T�A�.� �T�h�e� 
�T�E�M�P�-�1�0�2� �a�d�d�u�c�t� �f�o�r�m�a�t�i�o�n� �w�a�s� �r�e�c�o�r�d�e�d� �a�f�t�e�r� �i�r�r�a�d�i�a�t�i�n�g� �t�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �f�o�r� �3� 
�m�i�n�u�t�e�s�.� �T�h�e� �p�e�r�c�e�n�t� �i�n�h�i�b�i�t�i�o�n� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �t�h�e� �s�i�g�n�a�l� �i�n�t�e�n�s�i�t�y� �o�f� �E�P�R� �s�i�g�n�a�l� 
�i�n�d�i�c�a�t�e�d� �b�y� �a�n� �a�r�r�o�w�.� 
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�R�e�f�e�r�e�n�c�e�s� 

�.� �S�t�e�l�z�n�e�r�,� �T�.� �J�.�,� �W�e�l�s�h�,� �C�.�H�.�,� �B�e�r�g�e�r�,� �E�.�,� �M�c�C�u�l�l�o�u�g�h�,� �R�.�G�.�,� �M�o�r�r�i�s�,� �K�.�,� �R�e�p�i�n�e�,� �J�.�E�.�.�,� 

�a�n�d� �W�e�i�l�,� �J�.�V�.� �(�1�9�8�7�)� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� �6�3� �,�1�8�7�7�-�1�8�8�3� 

�.� �G�u�a�r�n�i�e�r�i�,� �C�.�,� �F�l�a�m�i�g�n�i� �F�,�.� �C�a�l�d�a�r�e�r�a�,� �C�.�M�.� �(�1�9�8�0�)� �J�.� �M�o�l�.� �C�e�l�l�.� �C�a�r�d�i�o�l�.� �1�2�,� �7�9�7� 

�8�0�8� 

�.� �M�c�C�o�r�d�,� �J�.�M�.� �(�1�9�8�5�)� �N�.� �E�n�g�.� �J�.� �M�e�d�.�,� �3�1�2�,� �1�5�9�-�1�6�3� 

�.� �M�i�s�r�a�,� �H�.�P�,� �W�e�g�l�i�c�k�i�,� �W�.�B�.�,� �A�b�d�u�l�a�,� �R�.� �a�n�d� �M�c� �C�a�y�,� �P�.�B�.� �(�1�9�8�4�)� �C�i�r�c�u�l�a�t�i�o�n�,� �7�0�,� 

�l�l�-�2�6�0� 

�.� �C�a�r�m�e�n�,� �M�.�A�.�,� �K�r�a�m�e�r�,� �J�.�H�.�,� �B�e�n�j�a�m�i�n�,� �F�.�D�.� �a�n�d� �W�e�g�l�i�c�k�i�,� �W�.�B�.� �(�1�9�8�7�)� �F�E�B�S� �L�e�t�t�.� 

�2�2�1�,� �1�0�1�-�1�0�4� 

�.� �K�a�k�o�,� �K�.�J�.�(�1�9�8�7�)� �J�.� �M�o�l�.� �C�e�l�l�.� �C�a�r�d�i�o�l�.� �1�9�,� �2�0�9�-�2�1�1� 

�.� �G�a�u�d�u�e�l�,� �Y�.� �a�n�d� �D�u�v�e�l�l�e�r�a�y�,� �M�.�A�.� �(�1�9�8�4�)� �J�.� �M�o�l�.� �C�e�l�l�.� �C�a�r�d�i�o�l�.� �1�6�,� �4�5�8�-�4�7�0� 

�.� �M�e�e�r�s�o�n�,� �F�.� �Z�.�,� �K�a�g�a�n�,� �V�.�E�.�,� �K�u�z�l�o�v�,� �Y�u�.� �P�.�,� �B�e�l�k�i�n�a�,� �L�.�-�M� �a�n�d� �A�r�k�h�i�p�e�n�k�o�,� �Y�u�.�V� 

�(�1�9�8�2�)� �B�a�s�i�c� �R�e�s�.� �C�a�r�d�i�o�l�.� �7�7�,� �4�6�5�-�4�8�5� 

�.� �R�a�o�,� �P�.�S�.� �a�n�d� �M�u�e�l�l�e�r�,� �H�.�S�.� �(�1�9�8�3�)� �i�n� �M�y�o�c�a�r�d�i�a�l� �i�n�j�u�r�y� �(�S�p�i�t�z�e�r�,�J�.�J�.� �E�d�)�,� �p�p�3�4�1� 

�3�6�7�,� �P�l�e�n�u�m� �P�u�b�l�i�s�h�i�n�g� �C�o�,� �N�e�w� �Y�o�r�k�,� �1�9�8�3�.� 

�1�0�.� �.� �S�h�l�a�f�e�r�,� �M�.�,� �K�a�n�e�,� �P�.�F�.� �a�n�d� �K�i�r�s�h�,� �M�.�M�.� �(� �1�9�8�2�)� �J�U�.� �T�h�o�r�a�c�.� �C�a�r�d�i�o�v�a�s�c�.� �S�u�r�g� 

�8�3�,� �8�3�0�-�8�3�9� 

�1�1�.� �M�a�r�t�i�n�,� �D�.�,� �A�l�l�i�s�o�n�,� �R�.�C�.� �a�n�d� �T�a�y�l�o�r�,� �A�.�E�.�(�1�9�8�6�)� �i�n� �P�h�y�s�i�o�l�o�g�y� �o�f� �o�x�y�g�e�n� �r�a�d�i�c�a�l�:� 

�(�T�a�y�l�o�r�,� �A�.�E�.�,� �M�a�t�a�l�o�n�,� �S� �a�n�d� �W�a�n�d�,�P�.�A�.�,�E�d�s�)� �p�p�.� �1�3�1�-�1�4�3�,� �A�m�e�r�i�c�a�r� 

�P�h�y�s�i�o�l�o�g�i�c�a�l� �S�o�c�i�e�t�y�,� �B�e�t�h�e�s�d�a�,� �M�a�r�y�l�a�n�d�.� 

�1�2�.� �K�e�n�n�e�d�y�,� �T�.�P�.�,� �R�a�o�,� �N�.�V�.�,� �H�o�p�k�i�n�s�,� �C�.�,� �P�e�n�n�i�n�g�t�o�n�,� �L�.�,� �T�o�l�l�e�y�,� �E�.�,� �a�n�d� �H�o�i�d�a�l�,� �J�.�R� 

�(�1�9�8�9�)� �J�.� �C�l�i�n�.� �I�n�v�e�s�t�.� �8�3�,� �1�3�2�6�-�1�3�3�5� 
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�1�3�.� 

�1�4�.� 

�1�5�.� 

�1�6�.� 

�1�7�.� 

�1�8�.� 

�1�9�.� 

�2�0�.� 

�2�1�.� 

�2�2�.� 

�2�3�.� 

�2�4�.� 

�F�r�e�e�m�a�n�,� �B�.�A�.�,� �P�a�n�u�s�,� �P�.�,� �B�e�c�k�m�a�n�,� �J�.�S�.�,� �M�a�t�a�l�a�n�,� �S�.� �(�1�9�8�6�)� �i�n� �T�h�e� �r�o�l�e� �o�f� 

�o�x�y�g�e�n� �r�a�d�i�c�a�l�s� �i�n� �c�a�r�d�i�o�v�a�s�c�u�l�a�r� �d�i�s�e�a�s�e�s� �(�L�'�A�b�b�a�t�t�,� �A�.� �a�n�d� �U�r�s�i�n�i�,� �F�.� �E�d�s�.�)�p�p� 

�2�0�1�-�2�1�5�,� �K�l�u�w�e�r� �A�c�a�d�e�m�i�c� �P�r�e�s�s�,� �L�o�n�d�o�n�.� 

�H�a�l�l�i�w�e�l�l�,� �B�.�,� �G�u�t�t�e�r�i�d�g�e�,� �J�.� �M�.� �C�.� �a�n�d� �A�r�u�o�m�a�,� �O�.� �I�.� �(�1�9�7�8�)� �A�n�a�l�.� �B�i�o�c�h�e�m�.� �1�6�5�,� 

�*� �2�1�5�-�2�1�9� 

�M�o�o�r�e�h�o�u�s�e�,� �C�.�P�.�,� �G�r�o�o�t�v�e�l�d�,� �M�.�,� �H�a�l�l�i�w�e�l�l�,� �B�.�,� �Q�u�i�n�l�a�n�,� �G�.� �J�.� �a�n�d� �G�u�t�t�e�r�i�d�g�e� 

�J�.�M�.�C�.� �(�1�9�8�7�)� �F�E�B�S� �L�e�t�t�.� �2�1�3�,� �2�3�-�2�8� 

�A�k�a�n�m�u�,� �D�.�,� �C�e�c�c�h�i�n�i�,� �R�.�,� �A�r�u�o�m�a�,� �O�.�I�.� �a�n�d� �H�a�l�l�i�w�e�l�l�,� �B�.� �(�1�9�9�1�)� �A�r�c�h�.� �B�i�o�c�h�e�m� 

�B�i�o�p�h�y�s�i�c�.� �2�8�8�,� �1�0�-�1�6� 

�B�r�a�d�f�o�r�d�,� �M�.� �(�1�9�7�6�)� �A�n�a�l�.� �B�i�o�c�h�e�m�.� �7�2�,� �2�4�8�-�2�5�4�.� 

�B�e�r�n�h�e�i�m�,� �F�.�,� �B�e�r�n�h�e�i�m�,� �M�.�L�.�C�.� �a�n�d� �W�i�l�b�u�r�,� �K�.�M�.� �(�1�9�4�8�)� �J�.� �B�i�o�l�.� �C�h�e�m�.� �1�7�4�,� 

�2�5�7�-�2�6�4� 

�W�i�l�l�s�,� �E�.�D�.� �(�1�9�6�9�)� �B�i�o�c�h�e�m�.� �J�.� �3�1�3�,� �3�1�5�-�3�2�4� 

�P�h�i�l�i�p�s�,� �A�.�H�.� �a�n�d� �L�a�n�g�d�o�n�,� �R�.�G�.�(�1�9�6�2�)� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�3�7�,� �2�6�5�2�-�2�6�6�0� 

�H�a�r�t�e�n�s�t�e�i�n�,� �J�.� �a�n�d� �W�a�g�n�e�r�,� �B�.� �(�1�9�8�6�)� �i�n� �C�a�r�d�i�o�v�a�s�c�u�l�a�r� �d�r�u�g�s� �(�B�r�i�s�t�o�l�,� �J�.� �A�.�,� �E�d�:� 

�p�p�.� �3�3�1�-�3�3�3�,� �J�o�h�n� �W�i�l�e�y� �&� �S�o�n�s�,� �N�e�w� �Y�o�r�k�.� 

�T�h�u�r�m�a�n�,� �R�.�G�.�,� �L�e�y�,� �H�.�G�.�,� �a�n�d� �S�c�h�o�l�z�,� �R�.� �(�1�9�7�2�)� �E�u�r�.� �J�.� �B�i�o�c�h�e�m�.� �2�5�,� �4�2�0�-�4�3�0� 

�B�o�v�e�r�i�s�,� �A�.�,� �O�s�h�i�n�o�,�N�.�,� �a�n�d� �C�h�a�n�c�e�,� �B�.� �(�1�9�7�2�)� �B�i�o�c�h�e�m�.�J�.� �1�2�8�,� �6�1�7�-�6�3�0� 

�M�i�s�r�a�,� �H�.�P�.� �a�n�d� �G�o�r�s�k�y�,� �L�.�D�.�(�1�9�8�1�)� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�5�6�,� �9�9�9�4�-�9�9�9�8� 

�2�5�.�C�o�h�e�n�,� �G�.�,� �a�n�d� �C�e�d�e�r�b�a�u�m�,� �A�.�1�.�(�1�9�8�0�)� �A�r�c�h�.� �B�i�o�c�h�e�m�.� �B�i�o�p�h�y�s�.� �1�9�9�,� �4�3�8�-�4�4�7� 

�2�6�.� 

�2�7�.� 

�2�8�.� 

�2�9�.� 

�B�u�r�t�o�n�,� �R�.�M�.� �(�1�9�5�5�)� �M�e�t�h�o�d�s� �i�n� �E�n�z�y�m�o�l�.� �3�,� �2�4�6�-�2�4�8� 

�K�u�k�i�e�l�a�,� �E�.� �a�n�d� �C�e�d�e�r�b�a�u�m�,� �A�.�I�.� �(�1�9�8�6�)� �A�r�c�h�.� �B�i�o�c�h�e�m�.� �B�i�o�p�h�y�s�.�.� �2�7�5�,� �5�4�0�-�5�5�0� 

�M�c�C�o�r�d�,� �J�.�M�.� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �|�.� �(�1�9�6�8�)� �J�U�.� �B�i�o�l�.� �C�h�e�m�.� �2�4�3�,� �5�7�5�3�-�5�7�6�0� 

�Z�a�n�g�,� �L�,� �Z�h�a�n�g�,� �Z� �a�n�d� �M�i�s�r�a� �H�.�P�.� �(�1�9�9�0�)� �P�h�o�t�o�c�h�e�m�.�P�h�o�t�o�b�i�o�l�.� �5�2�,� �6�7�7�-� �6�8�4� 

�3�0�.� �M�i�s�r�a�,� �B�.�R�.� �a�n�d� �M�i�s�r�a�,� �H�.�P�.� �(�1�9�9�0�)�J�.� �B�i�o�l�.� �C�h�e�m�.� �2�6�5�,� �1�5�3�7�1�-�1�5�3�4�7� 

�8� �9



�3�1�.� �I�n�t�e�r�i�a�n�,� �A�.�,� �J�r�.�,� �Z�a�m�a�n�,� �L�.�,� �V�e�l�e�z�-�R�o�b�i�n�s�o�n�,� �E�.�,� �K�o�z�l�o�v�s�k�i�s�,� �P�.�,�C�a�s�t�e�l�l�a�n�o�s�,� �A�.�.� 

�M�y�e�r�b�u�r�g�,� �R�.�J�.� �(�1�9�9�1�)� �J�.� �A�m�.� �C�o�l�l�.� �C�a�r�d�i�o�l�.� �1�7�,� �1�5�8�1�-�1�5�8�6� 

�3�2�.� �U�n�d�r�o�v�i�n�a�s�,� �A�.�I�.�,� �B�u�r�n�a�s�h�e�v�,� �N�.�,� �E�r�o�s�h�e�n�k�o�,�D�.�,� �F�l�e�i�d�e�r�v�i�s�h�,�|�.�,� �S�t�a�r�m�e�r�,�C�.�F�.�.� 

�M�a�k�i�e�l�s�k�i�,�J�.�C�.� �a�n�d� �R�o�s�e�n�s�h�t�r�a�u�k�h�,� �L�.�V�.�(�1�9�9�0�)� �A�m�.� �J�.� �P�h�y�s�i�o�l�.� �2�5�9�,� �H�1�6�0�9�-�1�2� 

�3�3�.�S�c�h�a�u�b�,� �R�.�G�.�,� �L�e�m�o�l�e�,� �M�.�G�.�,� �P�i�n�d�e�r�,� �G�.�C�.�,� �B�l�a�c�k�,� �P�.� �(�1�9�7�7�)� �J�.� �T�h�o�r�a�c�.� �C�a�r�d�i�o�v�a�s�c�.� 

�S�u�r�g�.� �7�4�,� �5�7�1�-�5�7�6� 

�3�4�.� �D�a�s�,� �K�.�C�.� �a�n�d� �M�i�s�r�a�,� �H�.�P�.� �(�1�9�9�2�)� �M�o�l�.� �C�e�l�l�.� �B�i�o�c�h�e�m�,� �i�n� �p�r�e�s�s� 

�3�5�.� �W�o�o�d�w�a�r�d�,� �B�.�,� �Z�a�k�a�r�i�a�,� �M�.�(�1�9�8�4�)�J�.� �M�o�l�.� �C�e�l�l�.� �C�a�r�d�i�o�l�.� �1�6�,� �4�9�7�-�5�1�7� 

�3�6�.� �M�a�n�n�i�n�g�,� �A�.�S�.�,� �C�o�l�t�a�r�t�,� �J�.�D�.� �a�n�d� �H�e�a�r�s�e�,� �D�.�J�.� �(�1�9�8�4�)� �C�i�r�c�.� �R�e�s�.� �5�5�,� �5�4�5�-�5�5�0� 

�3�7�.� �M�a�k�,� �T�.�I�.�,� �a�n�d� �W�e�g�l�i�k�i�,� �W�.�B�.� �(�1�9�8�8�)� �C�i�r�c� �R�e�s�.� �6�3�,� �2�6�2�-�2�6�6� 

�3�8�.�Y�a�m�a�m�o�t�o�,� �Y�.� �a�n�d� �K�a�m�i�y�a�,� �Y�.� �(�1�9�8�8�)� �i�n� �L�i�p�i�d� �P�e�r�o�x�i�d�a�t�i�o�n� �i�n� �B�i�o�l�o�g�i�c�a�l� �S�y�s�t�e�m�:� 

�(�S�e�v�a�n�i�a�n�,� �A�.� �E�d�)� �p�p� �3�2�-�5�0�,� �A�m�e�r�i�c�a�n� �O�i�l� �C�h�e�m�i�s�t�s� �S�o�c�i�e�t�y�,� �C�h�a�m�p�a�i�g�n� 

�I�l�l�i�n�o�i�s�.� �1�9�8�8�.� 

�3�9�.�S�v�i�n�g�e�n�,� �A�.�S�.�,� �O�'� �N�e�a�l�,� �F�.�O�.� �a�n�d� �A�u�s�t�,� �S�.�D�.� �(�1�9�7�8�)� �P�h�o�t�o�c�h�e�m�.� �P�h�o�t�o�b�i�o�l�.� �2�8�.� 

�8�0�3�-�8�0�9� 

�4�0�.� �C�o�h�e�n�,� �G�.� �(�1�9�7�8�)� �P�h�o�t�o�c�h�e�m�.� �P�h�o�t�o�b�i�o�l�.� �2�8�,� �6�6�9�-�6�7�5� 

�4�1�.� �Z�w�e�i�e�r�,� �J�.�L�.�,� �F�l�a�h�e�r�t�y�,� �J�.�T�.�,� �a�n�d� �W�e�i�s�f�e�l�d�t�,� �M�.�L�.� �(�1�9�8�7�)�P�r�o�c�.� �N�a�t�l�.� �A�c�a�d�.� �S�c�i�.� �8�4�,� 

�1�4�0�4�-�1�4�0�7� 

�4�2�.� �B�e�r�n�i�e�r�,� �M�.�,� �H�e�a�r�s�e�,� �J�.�D�.�,� �M�a�n�n�i�n�g�,� �A�.�S�.�,� �(�1�9�8�6�)� �C�i�r�c�.� �R�e�s�.� �5�8�,� �3�3�1�-�3�4�0�.� 

�4�3�.�N�e�t�a�,� �P�.� �a�n�d� �D�o�r�f�m�a�n�,� �L�.� �M�.� �(�1�9�6�8�)� �A�d�v�.� �C�h�e�m�.� �S�e�r�.� �8�1�,� �2�2�2�-�2�3�0� 

�4�4�.�P�u�n�t�a�r�u�l�o�,� �S�.� �a�n�d� �C�e�d�e�r�b�a�u�m�,� �A�.�I�.� �(�1�9�8�8�)� �A�r�c�h�.� �B�i�o�c�h�e�m�.� �B�i�o�p�h�y�s�.� �2�6�4�,�4�8�2�-�4�9�1� 

�4�5�.�K�i�n�g�,� �M�.� �M�.�,� �L�a�i�,� �E�.�K�.�,� �a�n�d� �M�c�C�a�y�,� �P�.�B�.�(�1�9�7�5�)� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�5�0�,� �6�4�9�6�-�6�5�0�2� 

�4�6�.�L�a�i�,� �C�.�S�.� �a�n�d� �P�i�e�t�t�e�,� �L�.�H�.� �(�1�9�7�8�)� �A�r�c�h�.� �B�i�o�c�h�e�m�.� �B�i�o�p�h�y�s�.� �1�9�0�,� �2�7�-�3�8� 

�4�7�.�L�a�i�,� �C�.�S�.� �a�n�d� �P�i�e�t�t�e�,� �L�-�H�.� �(�1�9�7�7�)� �B�i�o�c�h�e�m�.� �B�i�o�p�h�y�s�.� �R�e�s�.� �C�o�m�m�u�n�.� �7�8�,� �5�1�-�5�9� 

�4�8�.�K�r�o�n�b�r�u�s�t�,� �D�.�J� �a�n�d� �M�a�r�i�s�,� �R�.�D�.�,� �(�1�9�8�0�)�,� �M�o�l�e�c�.� �P�h�a�r�m�a�c�.� �1�7�,� �4�0�0�-�4�0�7� 

�9�0



�4�9�.�S�v�i�n�g�e�n�,� �B�.�A�.� �a�n�d� �A�u�s�t�,� �S�.�D�.� �(�1�9�8�0�)� �i�n� �M�o�l�e�c�u�l�a�r� �b�a�s�i�s� �o�f� �e�n�v�i�r�o�n�m�e�n�t�a�l� �t�o�x�i�c�i�t�y� 

�(�B�h�a�t�n�a�g�a�r�,� �R�.�S�.�,� �E�d�)� �p�p�.� �6�9�-�1�1�0�,� �A�n�n� �A�r�b�o�r� �S�c�i�e�n�c�e� �P�u�b�l�i�s�h�i�n�g�,� �A�n�n� �A�r�b�o�r�,� �M� 

�5�0�.� �F�e�n�t�o�n�,� �H�.� �J� �(�1�8�9�5�)� �P�r�o�c�.� �C�h�e�m�.� �S�o�c�.� �(�L�o�n�d�o�n�)� �9�,� �1�1�3� 

�5�1�.� �W�e�i�s�s�,� �J�.� �J�.� �(�1�9�6�4�)� �N�a�t�u�r�e� �2�0�3�,� �1�8�3� 

�5�2�.� �M�i�s�r�a�,� �H�.� �P�.� �a�n�d� �F�r�i�d�o�v�i�c�h�,� �|�.� �(�1�9�7�2�)� �J�.� �B�i�o�l�.� �C�h�e�m�.� �2�4�7�,� �6�9�6�0�-�6�9�6�2�.� 

�5�3�.� �B�u�r�n�e�y�,� �R�.�G�.�,� �D�i�f�a�z�i�o�,� �C�.�A�.�,� �P�e�a�c�h�,� �J�.�J�.�,� �P�e�t�r�i�e�,� �K�.�A�.� �a�n�d� �S�i�l�v�e�s�t�e�r�,� �M�.�J�.� �(�1�9�7�4�:� 

�A�m�.� �H�e�a�r�t� �J�.� �8�8�,� �7�6�5�-�7�6�9� 

�9�1



�C�H�A�P�T�E�R�-�I�V� 

�A�M�E�L�I�O�R�A�T�I�O�N� �O�F� �P�O�S�T�-�I�S�C�H�E�M�I�C� �R�E�P�E�R�F�U�S�I�O�N� 
�I�N�J�U�R�Y� �B�Y� �A�N�T�I�A�R�R�H�Y�T�H�M�I�C� �D�R�U�G�S� �I�N� �I�S�O�L�A�T�E�D� 

�P�E�R�F�U�S�E�D� �R�A�T� �L�U�N�G�.� 

�(�S�u�b�m�i�t�t�e�d� �f�o�r� �p�u�b�l�i�c�a�t�i�o�n� �i�n� �t�h�e� �A�m�e�r�i�c�a�n� �J�o�u�r�n�a�l� �o�f� �P�h�y�s�i�o�l�o�g�y�)� 

�A�b�s�t�r�a�c�t� 

�A�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s�,� �s�u�c�h� �a�s� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e�,� �h�a�v�e� 

�b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �e�f�f�e�c�t�i�v�e� �a�g�a�i�n�s�t� �p�o�s�t�-�i�s�c�h�e�m�i�c� �r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �i�n� �i�s�o�l�a�t�e�d� 

�r�a�t� �l�u�n�g�s�.� �R�a�t� �l�u�n�g�s� �w�e�r�e� �p�e�r�f�u�s�e�d� �a�t� �c�o�n�s�t�a�n�t� �f�l�o�w� �w�i�t�h� �K�r�e�b�s�-�H�e�n�s�e�i�l�e�t� �b�u�f�f�e�r� 

�s�u�p�p�l�e�m�e�n�t�e�d� �w�i�t�h� �4�%� �b�o�v�i�n�e� �s�e�r�u�m� �a�l�b�u�m�i�n� �a�n�d� �v�e�n�t�i�l�a�t�e�d� �w�i�t�h� �a�i�r� 

�c�o�n�t�a�i�n�i�n�g� �5�%� �C�O�o�2�,� �T�h�e� �l�u�n�g�s� �w�e�r�e� �s�u�b�j�e�c�t�e�d� �t�o� �i�s�c�h�e�m�i�a� �b�y� �s�t�o�p�p�i�n�g� 

�p�e�r�f�u�s�i�o�n� �a�n�d� �v�e�n�t�i�l�a�t�i�o�n� �f�o�r� �6�0� �m�i�n�u�t�e�s� �f�o�l�l�o�w�e�d� �b�y� �a� �3�0� �m�i�n�u�t�e�s� �o�f� 

�r�e�p�e�r�f�u�s�i�o�n�.� �L�u�n�g� �i�n�j�u�r�y� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �m�e�a�s�u�r�i�n�g� �i�n�c�r�e�a�s�e�d� �w�e�t�-�t�o�-�d�r�y� 

�l�u�n�g� �w�e�i�g�h�t� �r�a�t�i�o�,� �p�u�l�m�o�n�a�r�y� �a�r�t�e�r�i�a�l� �p�r�e�s�s�u�r�e� �a�n�d� �p�e�a�k� �a�i�r�w�a�y� �p�r�e�s�s�u�r�e�.� 

�L�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�t� �d�o�s�e�s� �o�f� �5�,� �1�0� �a�n�d� �2�0� �m�g�/�k�g� �b�.�w�.� 

�w�e�r�e� �f�o�u�n�d� �t�o� �a�t�t�e�n�u�a�t�e� �t�h�e� �p�o�s�t�-�i�s�c�h�e�m�i�c� �l�u�n�g� �i�n�j�u�r�y� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�p�<� �0�.�0�0�0�1�)�.� 

�T�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �c�y�c�l�o�o�x�y�g�e�n�a�s�e� �p�r�o�d�u�c�t�s� �w�h�i�c�h� �w�e�r�e� �e�l�e�v�a�t�e�d� �d�u�r�i�n�g� 

�r�e�p�e�r�f�u�s�i�o�n� �w�e�r�e� �a�l�s�o� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�p�<� �0�.�0�0�0�1�)� �i�n�h�i�b�i�t�e�d� �b�y� �t�h�e�s�e� �d�r�u�g�s�.� �S�i�n�c�e� 

�t�h�e�s�e� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �a�r�e� �f�o�u�n�d� �t�o� �b�e� �p�o�w�e�r�f�u�l� �s�c�a�v�e�n�g�e�r�s� �o�f� �h�y�d�r�o�x�y�!� 

�r�a�d�i�c�a�l� �a�n�d� �c�a�n� �p�r�e�v�e�n�t� �m�e�m�b�r�a�n�e� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �(�D�a�s� �a�n�d� �M�i�s�r�a�,� �1�9�9�2�)�,� 

�t�h�e� �a�b�o�v�e� �f�i�n�d�i�n�g�s� �s�u�g�g�e�s�t� �t�h�a�t� �t�h�e� �a�n�t�i�o�x�i�d�a�n�t� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e�s�e� �d�r�u�g�s� �m�a�y�,� �i�n� 

�p�a�r�t�,� �b�e� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �p�r�o�t�e�c�t�i�n�g� �t�h�e� �l�u�n�g�s� �a�g�a�i�n�s�t� �r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y�.� 
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�I�n�t�r�o�d�u�c�t�i�o�n� 

�L�u�n�g� �t�r�a�n�s�p�l�a�n�t� �i�s� �r�a�p�i�d�l�y� �b�e�c�o�m�i�n�g� �a� �c�l�i�n�i�c�a�l� �a�l�t�e�r�n�a�t�i�v�e� �f�o�r� �p�a�t�i�e�n�t�s� �w�i�t�h� �e�n�d�-� 

�s�t�a�g�e� �l�u�n�g� �d�i�s�e�a�s�e�.� �P�r�e�s�e�r�v�a�t�i�o�n� �o�f� �t�h�e� �c�a�d�a�v�e�r� �l�u�n�g� �d�u�r�i�n�g� �t�r�a�n�s�p�l�a�n�t� �h�a�s� 

�b�e�e�n� �a� �m�a�j�o�r� �i�m�p�e�d�i�m�e�n�t� �t�o� �t�h�e� �w�i�d�e� �c�l�i�n�i�c�a�l� �u�s�e� �o�f� �t�r�a�n�s�p�l�a�n�t� �p�r�o�c�e�d�u�r�e�s�.� 

�R�e�p�e�r�f�u�s�i�o�n� �o�f� �t�r�a�n�s�p�l�a�n�t�e�d� �l�u�n�g� �p�r�e�v�i�o�u�s�l�y� �s�u�b�j�e�c�t�e�d� �t�o� �b�r�i�e�f� �p�e�r�i�o�d� �o�f� 

�i�s�c�h�e�m�i�a� �c�a�u�s�e�s� �i�r�r�e�v�e�r�s�i�b�l�e� �t�i�s�s�u�e� �i�n�j�u�r�y� �(�1�1�)�.�.� �I�s�c�h�e�m�i�a�-�r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �h�a�s� 

�b�e�e�n� �e�x�t�e�n�s�i�v�e�l�y� �s�t�u�d�i�e�d� �i�n� �m�a�n�y� �o�r�g�a�n�s�,� �i�n�c�l�u�d�i�n�g� �b�r�a�i�n�,� �h�e�a�r�t�,� �i�n�t�e�s�t�i�n�e� �a�n�d� 

�k�i�d�n�e�y� �(�7�,� �2�0�,� �2�1�,� �2�3�,� �2�5�,� �2�6�)�.� �L�i�t�t�l�e� �w�o�r�k� �h�a�s� �b�e�e�n� �d�o�n�e� �t�o� �e�l�u�c�i�d�a�t�e� �t�h�e� 

�m�e�c�h�a�n�i�s�m� �o�f� �r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �i�n� �t�h�e� �l�u�n�g�.� �R�e�a�c�t�i�v�e� �o�x�y�g�e�n� �s�p�e�c�i�e�s� �h�a�s� �b�e�e�n� 

�i�m�p�l�i�c�a�t�e�d� �i�n� �t�h�e� �e�t�i�o�l�o�g�y� �o�f� �i�s�c�h�e�m�i�a�-�r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �(�1�4�,� �1�8�,� �2�0�,� �2�9�)�.� 

�A�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �h�a�v�e� �b�e�e�n� �u�s�e�d� �a�s� �m�e�m�b�r�a�n�e� �s�t�a�b�i�l�i�z�e�r�s� �a�n�d� �w�e�r�e� �f�o�u�n�d� 

�t�o� �p�r�e�v�e�n�t� �m�i�c�r�o�v�a�s�c�u�l�a�r� �p�e�r�m�e�a�b�i�l�i�t�y� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �a�c�u�t�e� �l�u�n�g� �i�n�j�u�r�y� �(�2�7�)�.� �T�h�e� 

�m�e�c�h�a�n�i�s�m� �b�y� �w�h�i�c�h� �t�h�e�s�e� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �d�i�m�i�n�i�s�h� �l�u�n�g� �e�d�e�m�a�,� 

�h�o�w�e�v�e�r�,� �i�s� �u�n�c�l�e�a�r� �a�n�d� �t�h�e�i�r� �a�b�i�l�i�t�y� �t�o� �r�e�d�u�c�e� �p�o�s�t�-�i�s�c�h�e�m�i�c� �r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� 

�o�f� �t�h�e� �l�u�n�g� �h�a�s� �n�o�t� �b�e�e�n� �t�e�s�t�e�d�.� �R�e�c�e�n�t�l�y� �w�e� �h�a�v�e� �r�e�p�o�r�t�e�d� �t�h�a�t� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� 

�a�g�e�n�t�s� �s�u�c�h� �a�s� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e�,� �a�r�e� �p�o�t�e�n�t� �h�y�d�r�o�x�y�!� 

�r�a�d�i�c�a�l� �s�c�a�v�e�n�g�e�r�s� �a�n�d� �w�e�r�e� �f�o�u�n�d� �t�o� �i�n�h�i�b�i�t� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �(�6�)�.� �S�i�n�c�e� �f�r�e�e� 

�r�a�d�i�c�a�l�s� �o�f� �o�x�y�g�e�n� �p�l�a�y� �a�n� �i�m�p�o�r�t�a�n�t� �r�o�l�e� �i�n� �i�n�i�t�i�a�t�i�n�g� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� �(�3�,� �9�)�,� 

�a�n�d� �l�i�p�i�d� �p�e�r�o�x�i�d�e�s� �a�r�e� �k�n�o�w�n� �t�o� �b�e� �p�r�o�d�u�c�e�d� �d�u�r�i�n�g� �p�o�s�t�-�i�s�c�h�e�m�i�c� �r�e�p�e�r�f�u�s�i�o�n� 

�o�f� �l�u�n�g� �(�8�)�,� �w�e� �d�e�v�e�l�o�p�e�d� �t�h�e� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �m�a�y� �p�r�o�t�e�c�t� 

�l�u�n�g�s� �f�r�o�m� �r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y�.� �H�e�r�e� �w�e� �p�r�e�s�e�n�t� �e�v�i�d�e�n�c�e� �t�h�a�t� �t�h�e� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� 

�d�r�u�g�s�,� �s�u�c�h� �a�s� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�t�t�e�n�u�a�t�e� �p�o�s�t�-�i�s�c�h�e�m�i�c� 

�r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �i�n� �i�s�o�l�a�t�e�d� �p�e�r�f�u�s�e�d� �r�a�t� �l�u�n�g� �a�n�d� �t�h�e�s�e� �d�r�u�g�s� �w�e�r�e� �e�f�f�e�c�t�i�v�e� �i�n� 

�p�r�e�v�e�n�t�i�n�g� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �c�y�c�l�o�o�x�y�g�e�n�a�s�e� �p�r�o�d�u�c�t�s� �d�u�r�i�n�g� �r�e�p�e�r�f�u�s�i�o�n� �o�f� 

�i�s�c�h�e�m�i�c� �l�u�n�g�.� 
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�M�a�t�e�r�i�a�l�s� �a�n�d� �M�e�t�h�o�d�s� 

�E�x� �v�i�v�o� �l�u�n�g� �p�r�e�p�a�r�a�t�i�o�n� 

�M�a�l�e� �S�p�r�a�g�u�e�-�D�a�w�l�e�y� �r�a�t�s� �(�H�a�r�l�a�n�'�s� �S�p�r�a�g�u�e�-�D�a�w�l�e�y�)� �w�e�i�g�h�i�n�g� �3�0�0�-�5�0�0� �g�m�s�,� 

�w�e�r�e� �a�n�e�s�t�h�e�t�i�z�e�d� �w�i�t�h� �6�4�.�8� �m�g�/�k�g� �i�p� �s�o�d�i�u�m� �p�e�n�t�o�b�a�r�b�i�t�a�l� �(� �A�n�t�h�o�n�y� �p�r�o�d�u�c�t�s� 

�C�o�.�,� �A�r�c�a�d�i�a�,�C�A�)�.� �A� �t�r�a�c�h�e�o�s�t�o�m�y� �w�a�s� �p�e�r�f�o�r�m�e�d� �t�h�a�t� �p�e�r�m�i�t�t�e�d� �v�e�n�t�i�l�a�t�i�o�n� �w�i�t�h� 

�a� �H�a�r�v�a�r�d� �r�o�d�e�n�t� �v�e�n�t�i�l�a�t�o�r� �(�M�o�d�e�l� �6�8�3�)� �a�t� �6�2� �s�t�r�o�k�e�s� �p�e�r� �m�i�n�,� �a� �t�i�d�a�l� �v�o�l�u�m�e� �o�f� 

�2�.�3� �t�o� �3�m�l�,� �a�n�d� �p�o�s�i�t�i�v�e� �e�n�d� �e�x�p�i�r�a�t�o�r�y� �p�r�e�s�s�u�r�e� �o�f� �2�.�5� �c�m� �H�2�O�.� �T�h�e� �i�n�s�p�i�r�e�d� 

�g�a�s� �m�i�x�t�u�r�e� �w�a�s� �a�i�r� �m�i�x�e�d� �w�i�t�h� �5�%� �C�Q�O�o�2� �(�A�n�a�l�y�z�e�d�,� �I�n�d�u�s�t�r�i�a�l� �g�a�s� �C�o�.�)�.� 

�S�u�b�s�e�q�u�e�n�t�l�y� �a� �m�e�d�i�a�n� �s�t�e�r�n�o�t�o�m�y� �w�a�s� �p�e�r�f�o�r�m�e�d�,� �h�e�p�a�r�i�n� �(�2�0�0� �I�U�)� �w�a�s� 

�i�n�j�e�c�t�e�d� �i�n�t�o� �t�h�e� �r�i�g�h�t� �v�e�n�t�r�i�c�l�e�,� �a�n�d� �c�a�n�n�u�l�a�s� �w�e�r�e� �p�l�a�c�e�d� �i�n� �t�h�e� �p�u�l�m�o�n�a�r�y� 

�a�r�t�e�r�y� �a�n�d� �l�e�f�t� �v�e�n�t�r�i�c�l�e�.� �T�h�e� �h�e�a�r�t�,� �l�u�n�g�s� �a�n�d� �m�e�d�i�a�s�t�i�n�a�l� �s�t�r�u�c�t�u�r�e�s� �w�e�r�e� 

�r�e�m�o�v�e�d� �e�n� �b�l�o�c� �a�n�d� �s�u�s�p�e�n�d�e�d� �f�r�o�m� �a� �F�o�r�t�-�2�5�0� �(�W�o�r�l�d� �P�r�e�c�i�s�i�o�n� �I�n�s�t�r�u�m�e�n�t�s�,� 

�N�e�w� �H�a�v�e�n�,� �C�T�)� �r�i�g�i�d� �l�i�n�e�a�r� �f�o�r�c�e� �t�r�a�n�s�d�u�c�e�r� �t�o� �m�o�n�i�t�o�r� �a�n�y� �w�e�i�g�h�t� �c�h�a�n�g�e� �a�n�d� 

�p�l�a�c�e�d� �i�n� �a� �h�u�m�i�d�i�f�i�e�d� �c�h�a�m�b�e�r�.� �T�h�e� �l�u�n�g�s� �w�e�r�e� �p�e�r�f�u�s�e�d� �b�y� �a� �m�a�s�t�e�r�f�l�e�x� 

�(�C�o�l�e� �P�a�r�m�e�r� �I�n�s�t�r�u�m�e�n�t�s�)� �p�u�m�p� �w�i�t�h� �K�r�e�b�s�-�H�a�n�s�e�i�l�e�t� �b�u�f�f�e�r� �a�t� �a� �c�o�n�s�t�a�n�t� �f�l�o�w� 

�o�f� �0�.�0�5�m�l�/�m�i�n�/�g�m� �o�f� �b�.�w�.�.� �T�h�e� �K�r�e�b�s�-�H�a�n�s�e�i�l�e�t� �b�u�f�f�e�r� �c�o�n�t�a�i�n�e�d� �(�i�n� �m�M�)� �1�1�8� 

�N�a�C�l�,� �4�.�7� �K�C�l�,� �1�.�1�7� �M�g�S�O�4�,� �2�5� �N�a�H�C�Q�O�s�,� �1�.�1�8� �K�H�a�P�O�q�,� �1�.�9�0� �C�a�C�l�o�,� �1�1�.�1� 

�g�l�u�c�o�s�e� �a�n�d� �4�%� �b�o�v�i�n�e� �s�e�r�u�m� �a�l�b�u�m�i�n� �(�6�6�0�0�0� �M�W�,� �S�i�g�m�a� �C�h�e�m�i�c�a�l� �C�o�,� �S�t� 

�L�o�u�i�s�,� �M�O�)�.� �T�h�e� �p�H� �o�f� �t�h�e� �p�e�r�f�u�s�a�t�e� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �b�e�t�w�e�e�n� �7�.�3�5� �-� �7�.�4�5� �b�y� 

�p�e�r�i�o�d�i�c� �a�d�d�i�t�i�o�n� �o�f� �s�o�d�i�u�m� �b�i�c�a�r�b�o�n�a�t�e� �a�n�d� �w�a�s� �c�o�n�s�t�a�n�t�l�y� �m�o�n�i�t�o�r�e�d�.� 

�T�h�e� �f�i�r�s�t� �5�0� �m�l� �o�f� �l�u�n�g� �e�f�f�l�u�e�n�t�s� �w�e�r�e� �d�i�s�c�a�r�d�e�d� �t�o� �e�l�i�m�i�n�a�t�e� �c�i�r�c�u�l�a�t�i�n�g� 

�b�l�o�o�d� �e�l�e�m�e�n�t�s� �f�r�o�m� �t�h�e� �v�a�s�c�u�l�a�r� �s�p�a�c�e� �o�f� �t�h�e� �l�u�n�g�.� �S�u�b�s�e�q�u�e�n�t�l�y� �a� 

�r�e�c�i�r�c�u�l�a�t�i�n�g� �m�o�d�e� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� �w�i�t�h� �5�0� �m�l� �o�f� �p�e�r�f�u�s�a�t�e�.� �P�u�l�m�o�n�a�r�y� �a�r�t�e�r�y� 
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�p�r�e�s�s�u�r�e� �w�a�s� �c�o�n�s�t�a�n�t�l�y� �m�o�n�i�t�o�r�e�d� �w�i�t�h� �a� �t�r�a�n�s�d�u�c�e�r� �b�l�o�o�d� �p�r�e�s�s�u�r�e� �B�P�L�R�-� 

�0�1�1�1� �(�W�o�r�l�d� �P�r�e�c�i�s�i�o�n� �I�n�s�t�r�u�m�e�n�t�s�.�,� �W�P�I�)�.� �P�e�a�k� �a�i�r� �w�a�y� �p�r�e�s�s�u�r�e� �w�a�s� 

�c�o�n�s�t�a�n�t�l�y� �m�o�n�i�t�o�r�e�d� �b�y� �a� �P�N�E�U�-�0�1� �(�W�P�I�)� �p�r�e�s�s�u�r�e� �t�r�a�n�s�d�u�c�e�r�.� �T�h�e� �p�r�e�s�s�u�r�e� 

�t�r�a�n�s�d�u�c�e�r�s� �w�e�r�e� �c�a�l�i�b�r�a�t�e�d� �w�i�t�h� �a� �b�l�o�o�d� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�m�e�n�t� �i�n�s�t�r�u�m�e�n�t� 

�(�T�h�e� �L�u�m�i�s�c�o�p�e�,� �C�o�.� �J�a�p�a�n�)�.� 

�M�e�a�n� �P�A� �p�r�e�s�s�u�r�e�s�,� �c�h�a�n�g�e� �i�n� �l�u�n�g� �w�e�i�g�h�t� �a�n�d� �m�e�a�n� �p�e�a�k� �a�i�r� �w�a�y� 

�p�r�e�s�s�u�r�e� �w�e�r�e� �c�o�n�s�t�a�n�t�l�y� �m�o�n�i�t�o�r�e�d� �t�h�r�o�u�g�h� �t�h�e� �p�r�e�s�s�u�r�e� �a�n�d� �l�i�n�e�a�r� �f�o�r�c�e� 

�t�r�a�n�s�d�u�c�e�r�s� �c�o�n�n�e�c�t�e�d� �t�o� �a�n� �a�m�p�l�i�f�i�e�r� �b�r�i�d�g�e� �(�W�P�I�)�.� �T�h�e� �b�r�i�d�g�e� �w�a�s� �c�o�n�n�e�c�t�e�d� 

�t�o� �a� �M�a�c�L�a�b�-�4� �(�W�P�I�)� �w�h�i�c�h� �i�n� �t�u�r�n� �w�a�s� �c�o�n�n�e�c�t�e�d� �t�o� �a� �M�a�c�i�n�t�o�s�h� �S�E� 

�c�o�m�p�u�t�e�r�.� �T�h�e� �d�a�t�a� �w�e�r�e� �r�e�c�o�r�d�e�d� �b�y� �S�c�o�p�e� �v� �3�.�1� �s�o�f�t�w�a�r�e� �f�o�r� �t�h�e� �M�a�c�L�a�b� 

�s�y�s�t�e�m� �(�W�P�I�)�.� 

�I�n�d�u�c�t�i�o�n� �o�f� �L�u�n�g� �i�s�c�h�e�m�i�a� 

�I�s�o�l�a�t�e�d� �l�u�n�g�s� �w�e�r�e� �p�e�r�f�u�s�e�d� �f�o�r� �1�0� �m�i�n�u�t�e�s� �t�o� �e�n�s�u�r�e� �a� �s�t�a�b�l�e� �p�r�e�p�a�r�a�t�i�o�n� �a�n�d� 

�w�e�r�e� �t�h�e�n� �s�u�b�j�e�c�t�e�d� �t�o� �i�s�c�h�e�m�i�c� �i�n�j�u�r�y� �f�o�r� �6�0� �m�i�n� �b�y� �s�t�o�p�p�i�n�g� �v�e�n�t�i�l�a�t�i�o�n� �a�n�d� 

�p�e�r�f�u�s�i�o�n�.� �T�h�e� �l�u�n�g�s� �w�e�r�e� �i�n�f�l�a�t�e�d� �b�y� �i�n�s�t�i�l�l�a�t�i�n�g� �o�f� �2� �m�l� �o�f� �g�a�s� �m�i�x�t�u�r�e� �i�n�t�o� 

�t�r�a�c�h�e�a�l� �c�a�n�n�u�l�a� �b�e�f�o�r�e� �o�c�c�l�u�s�i�o�n� �a�t� �t�h�e� �s�t�a�r�t� �o�f� �t�h�e� �i�s�c�h�e�m�i�c� �p�e�r�i�o�d�.� �L�u�n�g� 

�i�n�f�l�a�t�i�o�n� �w�a�s� �d�o�n�e� �t�o� �f�a�c�i�l�i�t�a�t�e� �r�e�p�e�r�f�u�s�i�o�n� �a�f�t�e�r� �i�s�c�h�e�m�i�a�.� �T�h�r�o�u�g�h�o�u�t� �t�h�e� �6�0� 

�m�i�n�u�t�e� �i�s�c�h�e�m�i�a� �t�h�e� �l�u�n�g�s� �a�n�d� �p�e�r�f�u�s�a�t�e� �w�e�r�e� �k�e�p�t� �a�t� �3�7�°�C�.� 

�L�u�n�g� �r�e�p�e�r�f�u�s�i�o�n� 

�R�e�p�e�r�f�u�s�i�o�n� �a�f�t�e�r� �i�s�c�h�e�m�i�c� �i�n�t�e�r�v�a�l� �w�a�s� �s�t�a�r�t�e�d� �s�l�o�w�l�y� �a�n�d� �t�h�e� �f�l�o�w� �r�a�t�e� �w�a�s� 

�i�n�c�r�e�a�s�e�d� �s�u�c�h� �t�h�a�t� �a� �m�e�a�n� �p�u�l�m�o�n�a�r�y� �a�r�t�e�r�i�a�l� �p�r�e�s�s�u�r�e� �(�P�a�)� �o�f� �1�4�m�m� �H�g� �w�a�s� 

�n�e�v�e�r� �e�x�c�e�e�d�e�d�.� �W�i�t�h�i�n� �5� �m�i�n�u�t�e�s� �o�f� �t�h�e� �o�n�s�e�t� �o�f� �t�h�e� �r�e�p�e�r�f�u�s�i�o�n� �t�h�e� �p�e�r�f�u�s�a�t�e� 

�f�l�o�w� �w�a�s� �i�n�c�r�e�a�s�e�d� �t�o� �t�h�e� �o�r�i�g�i�n�a�l� �f�l�o�w� �r�a�t�e� �p�r�e�s�e�n�t� �b�e�f�o�r�e� �t�h�e� �i�s�c�h�e�m�i�c� �p�e�r�i�o�d� 
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�(�0�.�0�5�m�l�/�m�i�n�/�g� �b�.�w�.�)�.� �D�u�r�i�n�g� �r�e�p�e�r�f�u�s�i�o�n� �t�h�e� �p�e�r�f�u�s�a�t�e� �r�e�s�o�r�v�o�i�r� �a�n�d� �t�h�e� �l�u�n�g�s� 

�w�e�r�e� �m�a�i�n�t�a�i�n�e�d� �a�t� �3�7�-�3�8�9�C�.� �L�u�n�g�s� �w�e�r�e� �r�e�p�e�r�f�u�s�e�d� �f�o�r� �3�0� �m�i�n� �w�h�i�l�e� �t�h�e�y� �a�r�e� 

�v�e�n�t�i�l�a�t�e�d� �w�i�t�h� �t�h�e� �s�a�m�e� �g�a�s� �m�i�x�t�u�r�e�.� 

�E�x�p�e�r�i�m�e�n�t�a�l� �g�r�o�u�p�s� 

�F�i�v�e� �e�x�p�e�r�i�m�e�n�t�a�l� �g�r�o�u�p�s� �w�e�r�e� �s�t�u�d�i�e�d�.� �T�h�e� �f�i�r�s�t� �g�r�o�u�p� �o�f� �6� �l�u�n�g�s� �u�n�d�e�r�w�e�n�t� �6�0� 

�m�i�n�u�t�e�s� �o�f� �i�s�c�h�e�m�i�a� �f�o�l�l�o�w�e�d� �b�y� �3�0� �m�i�n�u�t�e�s� �o�f� �r�e�p�e�r�f�u�s�i�o�n�.� �S�a�m�e� �p�r�o�t�o�c�o�l� �w�a�s� 

�m�a�i�n�t�a�i�n�e�d� �f�o�r� �t�h�e� �2�n�d�,� �3�r�d�,� �a�n�d� �4�t�h� �g�r�o�u�p�s� �(�n�=�6�)� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �t�h�a�t� 

�l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�t� �5�,� �1�0� �a�n�d� �2�0� �m�g�/�K�g� �b�.�w�.�,� �r�e�s�p�e�c�t�i�v�e�l�y� 

�w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �p�e�r�f�u�s�a�t�e�.� �T�h�i�s� �d�o�s�e� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �a�t� �8�%� �o�f� �t�h�e� 

�b�o�d�y� �w�e�i�g�h�t� �a�s� �b�l�o�o�d� �v�o�l�u�m�e�.� �T�h�e� �5�t�h� �g�r�o�u�p� �s�e�r�v�e�d� �a�s� �c�o�n�t�r�o�l� �a�n�d� 

�u�n�d�e�r�w�e�n�t� �n�o� �i�s�c�h�e�m�i�a�.� �T�h�e� �d�r�u�g�s� �w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �l�u�n�g� �p�e�r�f�u�s�a�t�e� �a�t� �t�h�e� 

�o�n�s�e�t� �o�f� �l�u�n�g� �p�e�r�f�u�s�i�o�n� �p�r�i�o�r� �t�o� �i�s�c�h�e�m�i�a�.� 

�M�e�a�s�u�r�e�m�e�n�t� �o�f� �L�u�n�g� �i�n�j�u�r�y� 

�W�e�t�-�t�o�-�d�r�y� �l�u�n�g� �w�e�i�g�h�t� �r�a�t�i�o� 

�A�t� �t�h�e� �e�n�d� �o�f� �e�a�c�h� �e�x�p�e�r�i�m�e�n�t� �t�h�e� �l�e�f�t� �m�a�i�n� �s�t�e�m� �b�r�o�n�c�h�u�s� �w�a�s� �t�r�a�n�s�e�c�t�e�d� �a�n�d� 

�t�h�e� �l�e�f�t� �l�u�n�g� �w�a�s� �i�s�o�l�a�t�e�d� �f�o�r� �t�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �w�e�t�-�t�o�-�d�r�y� �l�u�n�g� �w�e�i�g�h�t� 

�r�a�t�i�o�.� �L�u�n�g�s� �w�e�r�e� �w�e�i�g�h�e�d� �a�n�d� �p�l�a�c�e�d� �i�n� �a� �c�o�n�v�e�c�t�i�o�n� �o�v�e�n� �(�M�o�d�e�l� �6�0�5�,� 

�P�r�e�c�i�s�i�o�n� �S�c�i�e�n�t�i�f�i�c� �I�n�c�.�)� �a�t� �1�2�0�°�C� �a�n�d� �w�e�i�g�h�e�d� �d�a�i�l�y� �f�o�r� �3� �d�a�y�s�.� �S�e�v�e�n�t�y� �t�w�o� 

�h�o�u�r�s� �l�u�n�g� �w�e�i�g�h�t� �w�a�s� �r�e�p�o�r�t�e�d� �a�s� �d�r�y� �w�e�i�g�h�t� �b�e�c�a�u�s�e� �n�o� �f�u�r�t�h�e�r� �w�e�i�g�h�t� �l�o�s�s� 

�o�c�c�u�r�r�e�d� �a�f�t�e�r� �t�h�a�t� �t�i�m�e�.� 

�P�u�l�m�o�n�a�r�y� �a�r�t�e�r�y� �p�r�e�s�s�u�r�e� 

�M�e�a�n� �p�u�l�m�o�n�a�r�y� �a�r�t�e�r�y� �p�r�e�s�s�u�r�e� �(�P�a�)� �w�a�s� �m�e�a�s�u�r�e�d� �f�o�r� �1�0� �m�i�n�u�t�e�s� �o�f� �p�r�e�-� 

�i�s�c�h�e�m�i�c� �p�e�r�i�o�d� �a�n�d� �e�n�t�i�r�e� �p�o�s�t�-�i�s�c�h�e�m�i�c� �p�e�r�i�o�d� �a�f�t�e�r� �t�h�e� �f�u�l�l� �f�l�o�w� �w�a�s� �r�e�s�u�m�e�d�.� 
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�P�e�r�c�e�n�t�a�g�e� �c�h�a�n�g�e� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �t�a�k�i�n�g� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �o�f� �t�h�e� �m�e�a�n� �p�r�e�-� �a�n�d� 

�p�o�s�t�-�i�s�c�h�e�m�i�c� �p�u�l�m�o�n�a�r�y� �a�r�t�e�r�y� �p�r�e�s�s�u�r�e�s�.� 

�P�e�a�k� �a�i�r�w�a�y� �p�r�e�s�s�u�r�e� 

�M�e�a�n� �p�e�a�k� �a�i�r�w�a�y� �p�r�e�s�s�u�r�e� �(�P�a�w�)� �w�a�s� �m�o�n�i�t�o�r�e�d� �f�o�r� �1�0� �m�i�n�u�t�e�s� �o�f� �p�r�e�-� 

�i�s�c�h�e�m�i�c� �p�e�r�i�o�d� �a�n�d� �t�h�i�r�t�y� �m�i�n�u�t�e�s� �o�f� �p�o�s�t�-�i�s�c�h�e�m�i�c� �p�e�r�i�o�d�.� �P�e�r�c�e�n�t�a�g�e� �c�h�a�n�g�e� 

�w�a�s� �c�a�l�c�u�l�a�t�e�d� �t�a�k�i�n�g� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �o�f� �p�r�e�-� �a�n�d� �p�o�s�t�-�i�s�c�h�e�m�i�c� �p�r�e�s�s�u�r�e�s�.� 

�M�e�a�s�u�r�e�m�e�n�t� �o�f� �c�y�c�l�o�o�x�y�g�e�n�a�s�e� �m�e�t�a�b�o�l�i�t�e�s� 

�T�x�B�g� �a�n�d� �6�-�K�e�t�o�-�P�G�F�y�q�,� �t�h�e� �s�t�a�b�l�e� �m�e�t�a�b�o�l�i�t�e�s� �o�f� �T�x�A�z�2� �a�n�d� �p�r�o�s�t�a�c�y�c�l�i�n�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �w�e�r�e� �m�e�a�s�u�r�e�d� �a�s� �i�n�d�i�c�a�t�o�r�s� �o�f� �c�y�c�l�o�o�x�y�g�e�n�a�s�e� �m�e�t�a�b�o�l�i�t�e� 

�p�r�o�d�u�c�t�i�o�n�.� �S�a�m�p�l�e�s� �(�1�.�8� �m�l�)� �o�f� �p�u�l�m�o�n�a�r�y� �v�e�n�o�u�s� �e�f�f�l�u�e�n�t� �w�e�r�e� �c�o�l�l�e�c�t�e�d� 

�i�m�m�e�d�i�a�t�e�l�y� �b�e�f�o�r�e� �t�h�e� �o�n�s�e�t� �o�f� �i�s�c�h�e�m�i�a�,� �a�n�d� �a�t� �5�,�1�0�,� �a�n�d� �2�0� �m�i�n�u�t�e�s� �o�f� 

�r�e�p�e�r�f�u�s�i�o�n�.� �T�i�m�e� �m�a�t�c�h�e�d� �s�a�m�p�l�e�s� �w�e�r�e� �a�l�s�o� �o�b�t�a�i�n�e�d� �i�n� �t�h�e� �u�n�-�i�n�j�u�r�e�d� 

�c�o�n�t�r�o�l�s�.� �M�e�a�s�u�r�e�m�e�n�t�s� �o�f� �T�x�B�2� �a�n�d� �6�-�K�e�t�o�-�P�G�F�y�q�,� �w�e�r�e� �m�a�d�e� �i�n� 

�t�h�r�o�m�b�o�x�a�n�e� �B�o�e� �[�S�H�]� �a�n�d� �6�-�K�e�t�o�-�P�G�F�1�,�[�3�H�]� �s�c�i�n�t�i�l�l�a�t�i�o�n� �p�r�o�x�i�m�i�t�y� �a�s�s�a�y� �(�S�P�A�)� 

�s�y�s�t�e�m�s� �(�A�m�e�r�s�h�a�m�)� �o�n� �m�e�t�h�y�l� �f�o�r�m�a�t�e� �e�x�t�r�a�c�t�e�d� �s�a�m�p�l�e�s� �i�n� �d�u�p�l�i�c�a�t�e� �(�2�)�.� 

�S�t�a�t�i�s�t�i�c�a�l� �A�n�a�l�y�s�i�s�:� 

�V�a�l�u�e�s� �w�e�r�e� �e�x�p�r�e�s�s�e�d� �a�s� �m�e�a�n�+�S�E�M�.� �G�r�o�u�p�s� �w�e�r�e� �c�o�m�p�a�r�e�d� �u�s�i�n�g� �o�n�e� �w�a�y� 

�a�n�a�l�y�s�i�s� �o�f� �v�a�r�i�a�n�c�e� �a�n�d� �t�h�e� �T�u�k�e�y�'�s� �m�u�l�t�i�p�l�e� �c�o�m�p�a�r�i�s�o�n� �t�e�s�t� �u�s�i�n�g� �S�A�S� 

�S�t�a�t�i�s�t�i�c�a�l� �p�a�c�k�a�g�e�.� �A�p� �v�a�l�u�e� �l�e�s�s� �t�h�a�n� �0�.�0�5� �w�a�s� �a�c�c�e�p�t�e�d� �a�s� �s�i�g�n�i�f�i�c�a�n�t�.� 
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�R�e�s�u�l�t�s� 

�E�f�f�e�c�t� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �o�n� �w�e�t�-�t�o�-�d�r�y� �l�u�n�g� �w�e�i�g�h�t� �r�a�t�i�o� 

�L�u�n�g� �w�e�i�g�h�t� �r�e�m�a�i�n�e�d� �s�t�a�b�l�e� �i�n� �u�n�-�i�n�j�u�r�e�d� �c�o�n�t�r�o�l� �l�u�n�g�s� �d�u�r�i�n�g� �t�h�e� �1�0�0� �m�i�n�u�t�e�s� 

�o�f� �p�e�r�f�u�s�i�o�n�.� �L�u�n�g�s� �s�u�b�j�e�c�t�e�d� �t�o� �i�s�c�h�e�m�i�a�-�r�e�p�e�r�f�u�s�i�o�n� �h�a�d� �i�n�c�r�e�a�s�e�d� �l�u�n�g� 

�w�e�i�g�h�t� �a�t� �t�h�e� �e�n�d� �o�f� �3�0� �m�i�n�u�t�e�s� �o�f� �r�e�p�e�r�f�u�s�i�o�n� �a�s� �r�e�c�o�r�d�e�d� �b�y� �M�a�c�L�a�b�-�4� 

�c�o�n�n�e�c�t�e�d� �t�o� �a� �l�i�n�e�a�r� �f�o�r�c�e� �t�r�a�n�s�d�u�c�e�r� �(�d�a�t�a� �n�o�t� �s�h�o�w�n�)�.� �L�u�n�g� �w�e�t� �w�e�i�g�h�t� �t�o� 

�d�r�y� �w�e�i�g�h�t� �r�a�t�i�o�,� �a� �m�e�a�s�u�r�e� �o�f� �e�d�e�m�a� �f�o�r�m�a�t�i�o�n�,� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �(�p�<� 

�0�.�0�0�0�1�)� �i�n� �i�s�c�h�e�m�i�a�-�r�e�p�e�r�f�u�s�e�d� �l�u�n�g�s� �c�o�m�p�a�r�e�d� �t�o� �u�n�-�i�n�j�u�r�e�d� �c�o�n�t�r�o�l�s� �(�F�i�g�.� �1�)�.� 

�A�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s�,� �s�u�c�h� �a�s� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�t� �s�i�n�g�l�e� 

�d�o�s�e�s� �o�f� �5�,� �1�0� �a�n�d� �2�0� �m�g�/�k�g� �b�.�w�.�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�p� �<� �0�.�0�0�0�1�)� 

�r�e�d�u�c�e�d� �t�h�e� �w�e�t� �w�e�i�g�h�t� �t�o� �d�r�y� �w�e�i�g�h�t� �r�a�t�i�o�s� �c�o�m�p�a�r�e�d� �t�o� �i�s�c�h�e�m�i�a�-�r�e�p�e�r�f�u�s�e�d� 

�l�u�n�g�s� �(�F�i�g�.� �1�)�.� 

�E�f�f�e�c�t� �o�n� �p�u�l�m�o�n�a�r�y� �p�r�e�s�s�u�r�e� 

�P�u�l�m�o�n�a�r�y� �a�r�t�e�r�y� �p�r�e�s�s�u�r�e� �(�P�a�)� �r�e�m�a�i�n�e�d� �s�t�a�b�l�e� �o�v�e�r� �t�h�e� �1�0�0� �m�i�n�u�t�e�s� �o�f� 

�p�e�r�f�u�s�i�o�n� �i�n� �t�h�e� �c�o�n�t�r�o�l� �l�u�n�g�s� �n�o�t� �s�u�b�j�e�c�t�e�d� �t�o� �i�s�c�h�e�m�i�a�.� �L�u�n�g�s� �s�u�b�j�e�c�t�e�d� �t�o� 

�6�0� �m�i�n� �i�s�c�h�e�m�i�a� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �r�e�a�c�h� �a� �s�t�a�b�l�e� �P�a� �w�i�t�h�i�n� �1�0� �m�i�n� �a�f�t�e�r� �o�n�s�e�t� �o�f� 

�r�e�p�e�r�f�u�s�i�o�n�.� �T�h�e� �P�a� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �(� �p�<� �0�.�0�0�8�)� �t�e�n� �m�i�n� 

�a�f�t�e�r� �t�h�e� �o�n�s�e�t� �o�f� �r�e�p�e�r�f�u�s�i�o�n�,� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �p�r�e�s�s�u�r�e�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �s�a�m�e� 

�l�u�n�g� �d�u�r�i�n�g� �p�r�e�-�i�s�c�h�e�m�i�a� �o�r� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �P�a� �m�e�a�s�u�r�e�d� �i�n� �t�h�e� �t�i�m�e�-�m�a�t�c�h�e�d� 

�c�o�n�t�r�o�l� �l�u�n�g�s� �(�F�i�g�.� �2�)�.� �T�h�e� �P�a� �r�e�m�a�i�n�e�d� �e�l�e�v�a�t�e�d� �c�o�m�p�a�r�e�d� �t�o� �p�r�e�-�i�s�c�h�e�m�i�c� 

�v�a�l�u�e�s� �i�n� �t�h�e� �s�a�m�e� �l�u�n�g� �a�t� �1�0� �a�n�d� �3�0� �m�i�n� �a�f�t�e�r� �t�h�e� �o�n�s�e�t� �o�f� �r�e�p�e�r�f�u�s�i�o�n�.� �A�d�d�i�t�i�o�n� 
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�o�f� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e�,� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�t� �5�,� �1�0� �a�n�d� �2�0� �m�g�/�k�g� �b�.�w�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �s�i�g�n�i�f�i�c�a�n�t�l�y� �r�e�d�u�c�e�d� �t�h�e� �P�a� �p�r�e�s�s�u�r�e� �o�f� �i�s�c�h�e�m�i�a�-�r�e�p�e�r�f�u�s�e�d� 

�l�u�n�g�s� �c�o�m�p�a�r�e�d� �t�o� �u�n�t�r�e�a�t�e�d� �r�e�p�e�r�f�u�s�e�d� �l�u�n�g�s� �(�F�i�g�.� �2�)�.� 

�E�f�f�e�c�t� �o�n� �P�e�a�k� �a�i�r� �w�a�y� �p�r�e�s�s�u�r�e� 

�P�e�a�k� �a�i�r�w�a�y� �p�r�e�s�s�u�r�e� �(�P�a�w�)� �r�e�m�a�i�n�e�d� �s�t�a�b�l�e� �o�v�e�r� �1�0�0� �m�i�n�u�t�e�s� �o�f� �p�e�r�f�u�s�i�o�n� �i�n� 

�t�h�e� �u�n�-�i�n�j�u�r�e�d� �c�o�n�t�r�o�l� �l�u�n�g�s�.� �L�u�n�g�s� �s�u�b�j�e�c�t�e�d� �t�o� �i�s�c�h�e�m�i�a� �a�n�d� �r�e�p�e�r�f�u�s�i�o�n� �h�a�d� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �h�i�g�h�e�r� �(� �p�<� �0�.�0�0�0�1�)� �P�a�w� �a�f�t�e�r� �3�0� �m�i�n�u�t�e�s� �o�f� �r�e�p�e�r�f�u�s�i�o�n�.� �L�u�n�g�s� 

�s�u�b�j�e�c�t�e�d� �t�o� �i�s�c�h�e�m�i�a�-�r�e�p�e�r�f�u�s�i�o�n� �b�u�t� �t�r�e�a�t�e�d� �w�i�t�h� �l�i�d�o�c�a�i�n�e� �(�5� �m�g�/�k�g� �b�.�w�)�,� 

�q�u�i�n�i�d�i�n�e� �(�1�0� �m�g�/�k�g� �b�.�w�.�)� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �(�2�0� �m�g�/�k�g� �b�.�w�)� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�p� �<� 

�0�.�0�0�0�1�)� �r�e�d�u�c�e�d� �P�a�w� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �u�n�t�r�e�a�t�e�d� �i�s�c�h�e�m�i�a� �r�e�p�e�r�f�u�s�e�d� �l�u�n�g�s�.� 

�T�h�e�s�e� �d�a�t�a� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �3�.� 

�E�f�f�e�c�t� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �o�n� �c�y�c�l�o�o�x�y�g�e�n�a�s�e� �p�r�o�d�u�c�t� �f�o�r�m�a�t�i�o�n� 

�M�e�a�s�u�r�e�m�e�n�t�s� �o�f� �6�-�K�e�t�o�-�P�G�F� �i�,� �a�n�d� �T�x�B�o� �i�n� �l�u�n�g� �e�f�f�l�u�e�n�t�s� �c�o�l�l�e�c�t�e�d� �p�r�i�o�r� �t�o� 

�i�s�c�h�e�m�i�a� �a�n�d� �i�n� �t�h�e� �t�i�m�e� �m�a�t�c�h�e�d� �l�u�n�g� �e�f�f�l�u�e�n�t�s� �f�r�o�m� �t�h�e� �u�n�-�i�n�j�u�r�e�d� �c�o�n�t�r�o�l� 

�l�u�n�g�s� �w�e�r�e� �n�o�t� �d�i�f�f�e�r�e�n�t� �(� �p�=�n�o�t� �s�i�g�n�i�f�i�c�a�n�t�)� �(�T�a�b�l�e� �1�)�.� �F�i�v�e� �m�i�n�u�t�e�s� �a�f�t�e�r� 

�r�e�p�e�r�f�u�s�i�o�n� �a� �s�e�v�e�n� �f�o�l�d� �a�n�d� �t�w�o� �f�o�l�d� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� 

�c�y�c�l�o�o�x�y�g�e�n�a�s�e� �m�e�t�a�b�o�l�i�t�e�s�,� �6�-�K�e�t�o�-�P�G�F�1�,� �a�n�d� �T�x�B�o� �(�T�a�b�l�e� �1�)�,� �r�e�s�p�e�c�t�i�v�e�l�y�,� 

�w�a�s� �o�b�s�e�r�v�e�d�.� �T�h�e� �t�i�m�e� �c�o�u�r�s�e� �o�f� �a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �t�h�e�s�e� �m�e�t�a�b�o�l�i�t�e�s� �i�n� �l�u�n�g� 

�e�f�f�l�u�e�n�t�s� �w�e�r�e� �s�t�u�d�i�e�d� �a�t� �5�,� �1�0�,� �a�n�d� �2�0� �m�i�n� �p�o�s�t�-�i�s�c�h�e�m�i�a�.� �B�o�t�h� �t�h�e� �6�-�K�e�t�o�-� 

�P�G�F� �i�q� �a�n�d� �T�x�B�o� �l�e�v�e�l�s� �w�e�r�e� �f�o�u�n�d� �t�o� �r�e�m�a�i�n� �e�l�e�v�a�t�e�d� �(�p�<�0�.�0�0�0�1�)� �i�n� �t�h�e� �l�u�n�g� 

�e�f�f�l�u�e�n�t� �c�o�l�l�e�c�t�e�d� �u�p� �t�o� �2�0� �m�i�n� �a�f�t�e�r� �r�e�p�e�r�f�u�s�i�o�n� �c�o�m�p�a�r�e�d� �t�o� �e�f�f�l�u�e�n�t� �c�o�l�l�e�c�t�e�d� 

�f�r�o�m� �t�h�e� �s�a�m�e� �l�u�n�g� �p�r�i�o�r� �t�o� �i�s�c�h�e�m�i�a� �o�r� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �t�i�m�e� �m�a�t�c�h�e�d� �l�u�n�g� 

�e�f�f�l�u�e�n�t� �s�a�m�p�l�e�s� �f�r�o�m� �c�o�n�t�r�o�l� �l�u�n�g�s� �n�o�t� �s�u�b�j�e�c�t�e�d� �t�o� �i�s�c�h�e�m�i�a� �(�F�i�g�.� �4�)�.� �T�w�e�n�y� 
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�m�i�n�u�t�e�s� �a�f�t�e�r� �r�e�p�e�r�f�u�s�i�o�n�,� �6�-�K�e�t�o�-�P�G�F�1�i�a� �r�e�m�a�i�n� �e�l�a�v�a�t�e�d� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� 

�c�o�n�t�r�o�l�s� �(�F�i�g�.� �4�)�.� �T�x�B�o� �l�e�v�e�l�s� �w�e�r�e� �a�l�s�o� �i�n�c�r�e�a�s�e�d� �(�p�<�0�.�0�0�0�1�)� �i�n� �l�u�n�g� �e�f�f�l�u�e�n�t�s� 

�c�o�l�l�e�c�t�e�d� �a�t� �5�,� �1�0� �a�n�d� �2�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �t�h�e� �o�n�s�e�t� �o�f� �r�e�p�e�r�f�u�s�i�o�n� �c�o�m�p�a�r�e�d� �t�o� 

�e�f�f�l�u�e�n�t� �c�o�l�l�e�c�t�e�d� �f�r�o�m� �t�h�e� �s�a�m�e� �l�u�n�g�s� �p�r�i�o�r� �t�o� �i�s�c�h�e�m�i�a� �o�r� �f�r�o�m� �t�i�m�e� �m�a�t�c�h�e�d� 

�c�o�n�t�r�o�l� �l�u�n�g�s� �(�F�i�g�.� �5�)�.� �L�u�n�g�s� �s�u�b�j�e�c�t�e�d� �t�o� �i�s�c�h�e�m�i�a�-�r�e�p�e�r�f�u�s�i�o�n� �a�n�d� �t�r�e�a�t�e�d� 

�w�i�t�h� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�t� �5�,� �1�0� �a�n�d� �2�0� �m�g�/�k�g� �b�.�w�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�,� �h�a�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� �6�-�k�e�t�o�-�P�G�F�i�l�a� �a�n�d� �T�x�B�o�2� �(�p�<�0�.�0�0�0�1�)� 

�c�o�m�p�a�r�e�d� �t�o� �n�o�n� �t�r�e�a�t�e�d� �l�u�n�g�s� �s�u�b�j�e�c�t�e�d� �t�o�.� �s�i�m�i�l�a�r� �i�s�c�h�e�m�i�a�-�r�e�p�e�r�f�u�s�i�o�n� 

�c�o�n�d�i�t�i�o�n�s� �(�T�a�b�l�e� �1�,� �F�i�g�.� �4� �a�n�d� �F�i�g�.� �5�)�)� 
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�D�i�s�c�u�s�s�i�o�n� 

�A� �m�a�j�o�r� �s�o�u�r�c�e� �o�f� �d�a�m�a�g�e� �i�n� �p�o�s�t�-�i�s�c�h�e�m�i�c� �r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �i�s� �b�e�l�i�e�v�e�d� �t�o� �b�e� 

�t�h�e� �g�e�n�e�r�a�t�i�o�n� �o�f� �o�x�y�g�e�n�-�f�r�e�e� �r�a�d�i�c�a�l�s� �a�n�d� �o�t�h�e�r� �t�o�x�i�c� �o�x�y�g�e�n� �m�e�t�a�b�o�l�i�t�e�s� �(�1�0�,� 

�1�9�,� �2�9�)�.� �T�h�e�s�e� �r�a�d�i�c�a�l�s� �a�n�d� �m�e�t�a�b�o�l�i�t�e�s� �h�a�v�e� �b�e�e�n� �i�m�p�l�i�c�a�t�e�d� �i�n� �p�o�s�t�-�i�s�c�h�e�m�i�c� 

�r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �i�n� �t�h�e� �h�e�a�r�t�,� �k�i�d�n�e�y�,� �i�n�t�e�s�t�i�n�e�,� �b�r�a�i�n� �a�n�d� �o�t�h�e�r� �o�r�g�a�n�s� �(�9�,� �1�9�,� 

�2�2�,� �3�0�)�.� �S�t�u�d�i�e�s� �i�n� �t�h�e� �p�o�s�t�-�i�s�c�h�e�m�i�c�-�r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �i�n� �t�h�e� �l�u�n�g�s� �a�l�s�o� 

�i�m�p�l�i�c�a�t�e� �t�o�x�i�c� �o�x�y�g�e�n� �m�e�t�a�b�o�l�i�t�e� �a�s� �a� �s�o�u�r�c�e� �o�f� �d�a�m�a�g�e� �(�1�0�,� �1�2�-�1�4�)�.� �I�n� �o�u�r� 

�p�r�e�s�e�n�t� �s�t�u�d�y� �t�h�e� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s�,� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e�,� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �r�e�d�u�c�e�d� �p�u�l�m�o�n�a�r�y� �e�d�e�m�a�,� �p�u�l�m�o�n�a�r�y� �a�r�t�e�r�i�a�l� �p�r�e�s�s�u�r�e� �a�n�d� �p�e�a�k� 

�a�i�r� �w�a�y� �p�r�e�s�s�u�r�e�.� �T�h�e�s�e� �d�r�u�g�s� �a�l�s�o� �i�n�h�i�b�i�t�e�d� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �c�y�c�l�o�o�x�y�g�e�n�a�s�e� 

�m�e�t�a�b�o�l�i�t�e�s� �t�h�a�t� �a�r�e� �k�n�o�w�n� �t�o� �b�e� �p�r�o�d�u�c�e�d� �d�u�r�i�n�g� �r�e�p�e�r�f�u�s�i�o�n� �o�f� �i�s�c�h�e�m�i�c� �l�u�n�g�s� 

�(�1�6�)�.� �A�l�t�h�o�u�g�h� �t�h�e�s�e� �a�g�e�n�t�s� �h�a�v�e� �n�u�m�e�r�o�u�s� �s�y�s�t�e�m�i�c� �a�n�d� �l�o�c�a�l� �e�f�f�e�c�t�s� �o�n� 

�v�a�r�i�o�u�s� �b�i�o�l�o�g�i�c�a�l� �t�i�s�s�u�e�s� �b�o�t�h�,� �i�n� �v�i�v�o� �a�n�d� �i�n� �v�i�t�r�o� �(�1�,� �2�4�)�,� �t�h�e�i�r� �a�b�i�l�i�t�y� �t�o� 

�a�m�e�l�i�o�r�a�t�e� �p�o�s�t�-�i�s�c�h�e�m�i�c� �r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �i�n� �t�h�e� �l�u�n�g�s� �h�a�d� �n�o�t� �b�e�e�n� 

�p�r�e�v�i�o�u�s�l�y� �r�e�c�o�g�n�i�z�e�d�.� 

�T�h�e� �m�e�c�h�a�n�i�s�m�,� �b�y� �w�h�i�c�h� �t�h�e� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �a�r�e� �e�f�f�e�c�t�i�v�e� �a�g�a�i�n�s�t� 

�r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �m�a�y� �b�e� �e�x�p�l�a�i�n�e�d�,� �i�n� �p�a�r�t�,� �b�y� �t�h�e�i�r� �a�n�t�i�o�x�i�d�a�n�t� �p�r�o�p�e�r�t�i�e�s�.� �I�n� 

�a�r�e�c�e�n�t� �s�t�u�d�y� �S�t�e�l�z�n�e�r� �e�t� �a�l�.� �(�2�7�)� �f�o�u�n�d� �t�h�a�t� �t�h�e�s�e� �d�r�u�g�s� �p�r�o�t�e�c�t� �l�u�n�g�s� �a�g�a�i�n�s�t� 

�t�h�i�o�u�r�e�a� �i�n�d�u�c�e�d� �i�n�j�u�r�y� �i�n� �r�a�t�s�.� �A�s� �o�x�y�g�e�n� �r�a�d�i�c�a�l�s� �a�r�e� �l�i�k�e�l�y� �t�o� �b�e� �p�r�o�d�u�c�e�d� 

�d�u�r�i�n�g� �m�e�t�a�b�o�l�i�s�m� �o�f� �t�h�i�o�u�r�e�a�,� �S�t�e�l�z�n�e�r� �e�t� �a�l�.� �s�u�g�g�e�s�t�e�d� �a�n� �a�n�t�i�o�x�i�d�a�n�t� �a�c�t�i�o�n� 

�o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s�.� �H�o�w�e�v�e�r�,� �t�h�e�y� �f�o�u�n�d� �t�h�a�t� �t�h�e�s�e� �d�r�u�g�s� �a�r�e� �n�o�t� 

�s�c�a�v�e�n�g�e�r�s� �o�f� �O�z� �o�r� �H�2�O�2�.� �R�e�c�e�n�t�l�y� �w�e� �h�a�v�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�h�e�s�e� �d�r�u�g�s� 

�a�r�e� �p�o�w�e�r�f�u�l� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l� �s�c�a�v�e�n�g�e�r�s� �a�n�d� �i�n�h�i�b�i�t�o�r�s� �o�f� �l�i�p�i�d� �p�e�r�o�x�i�d�a�t�i�o�n� 
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�(�6�)�.� �T�h�e�r�e�f�o�r�e� �i�t� �i�s� �l�i�k�e�l�y� �t�h�a�t� �t�h�e�s�e� �d�r�u�g�s� �p�r�o�t�e�c�t� �p�u�l�m�o�n�a�r�y� �t�i�s�s�u�e� �a�g�a�i�n�s�t� �p�o�s�t�-� 

�i�s�c�h�e�m�i�c� �r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �b�y� �s�c�a�v�e�n�g�i�n�g� �t�o�x�i�c� �-�O�H� �r�a�d�i�c�a�l�s�.� 

�S�i�n�c�e� �t�o�x�i�c� �o�x�y�g�e�n� �m�e�t�a�b�o�l�i�t�e� �c�a�n� �d�i�r�e�c�t�l�y� �c�a�u�s�e� �c�e�l�l� �i�n�j�u�r�y� �o�r� �l�e�a�d� �t�o� �t�h�e� 

�p�r�o�d�u�c�t�i�o�n� �o�f� �o�t�h�e�r� �m�e�d�i�a�t�o�r�s�,� �s�u�c�h� �a�s� �a�r�a�c�h�i�d�o�n�a�t�e� �m�e�t�a�b�o�l�i�t�e�s�,� �w�e� �m�e�a�s�u�r�e�d� 

�t�h�e� �e�f�f�e�c�t� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �o�n� �c�y�c�l�o�o�x�y�g�e�n�a�s�e� �m�e�t�a�b�o�l�i�t�e�s�,� 

�t�h�r�o�m�b�o�x�a�n�e� �a�n�d� �p�r�o�s�t�a�c�y�c�l�i�n�,� �d�u�r�i�n�g� �r�e�p�e�r�f�u�s�i�o�n� �o�f� �i�s�c�h�e�m�i�c� �l�u�n�g�.� �P�o�s�t�-� 

�i�s�c�h�e�m�i�c� �r�e�p�e�r�f�u�s�i�o�n� �c�a�u�s�e�d� �s�i�g�n�i�f�i�c�a�n�t� �e�l�e�v�a�t�i�o�n� �o�f� �b�o�t�h� �t�h�e� �t�h�r�o�m�b�o�x�a�n�e� �a�n�d� 

�p�r�o�s�t�a�c�y�c�l�i�n� �l�e�v�e�l�s� �a�s� �m�e�a�s�u�r�e�d� �b�y� �t�h�e�i�r� �s�t�a�b�l�e� �m�e�t�a�b�o�l�i�t�e�s� �T�x�B�a� �a�n�d� �6�-�K�e�t�o�-� 

�P�G�F�i�1�q�.� �S�i�m�i�l�a�r� �i�n�c�r�e�a�s�e�s� �o�f� �t�h�e�s�e� �m�e�t�a�b�o�l�i�t�e�s� �h�a�v�e� �b�e�e�n� �o�b�s�e�r�v�e�d� �b�y� 

�L�j�u�n�g�m�a�n� �e�t� �a�l�.� �(�1�6�)�.� �I�t� �i�s� �b�e�l�i�e�v�e�d� �t�h�a�t� �c�y�c�l�o�o�x�y�g�e�n�a�s�e� �m�e�t�a�b�o�l�i�t�e�s�,� �p�r�o�d�u�c�e�d� 

�s�e�c�o�n�d�a�r�y� �t�o� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �o�x�y�g�e�n� �r�a�d�i�c�a�l�s�,� �m�a�y� �i�n� �t�u�r�n�,� �c�a�u�s�e� �t�i�s�s�u�e� 

�d�a�m�a�g�e� �(�1�6�)�.� �T�h�e�s�e� �a�u�t�h�o�r�s� �h�a�v�e�,� �h�o�w�e�v�e�r�,� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �c�y�c�l�o�o�x�y�g�e�n�a�s�e� 

�m�e�t�a�b�o�l�i�t�e�s� �m�a�y� �n�o�t� �b�e� �t�h�e� �s�o�l�e� �s�o�u�r�c�e� �o�f� �i�n�j�u�r�y� �b�e�c�a�u�s�e� �p�r�o�t�e�c�t�i�o�n� �b�y� 

�i�n�h�i�b�i�t�o�r�s� �o�f� �c�y�c�l�o�o�x�y�g�e�n�a�s�e� �p�r�o�d�u�c�t� �f�o�r�m�a�t�i�o�n� �w�a�s� �n�o�t� �c�o�m�p�l�e�t�e�.� �B�u�r�g�h�u�b�e�r� �e�t� 

�a�l�.� �(�4�)� �h�a�d� �a�l�s�o� �r�e�p�o�r�t�e�d� �s�i�m�i�l�a�r� �f�i�n�d�i�n�g�s� �a�n�d� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �c�y�c�l�o�o�x�y�g�e�n�a�s�e� 

�p�r�o�d�u�c�t�s� �a�r�e� �n�o�t� �p�r�i�m�a�r�i�l�y� �r�e�s�p�o�n�s�i�b�l�e� �f�o�r� �l�u�n�g� �d�a�m�a�g�e�.� �I�t� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�h�a�t� 

�l�i�d�o�c�a�i�n�e� �i�s� �n�o�t� �a�n� �i�n�h�i�b�i�t�o�r� �o�f� �p�r�o�s�t�g�l�a�n�d�i�n� �b�i�o�s�y�n�t�h�e�s�i�s� �i�n� �v�i�t�r�o� �(�1�5�)�,� �r�a�t�h�e�r� �i�t� 

�i�n�c�r�e�a�s�e�s� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �o�f� �p�r�o�s�t�a�c�y�c�l�i�n� �(�5�)�.� �O�u�r� �d�a�t�a� �d�e�m�o�n�s�t�r�a�t�e� �t�h�a�t� �a�l�l� 

�t�h�e�s�e� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �i�n�h�i�b�i�t� �c�y�c�l�o�o�x�y�g�e�n�a�s�e� �p�r�o�d�u�c�t� �f�o�r�m�a�t�i�o�n�.� �I�t� �i�s� 

�p�o�s�s�i�b�l�e� �t�h�a�t� �t�h�e�s�e� �d�r�u�g�s� �m�a�y� �n�o�t� �i�n�h�i�b�i�t� �p�r�o�s�t�a�g�l�a�n�d�i�n� �f�o�r�m�a�t�i�o�n� �p�e�r� �s�e� �b�u�t� 

�m�i�g�h�t� �i�n�h�i�b�i�t� �t�h�e� �l�i�b�e�r�a�t�i�o�n� �o�f� �a�r�a�c�h�i�d�o�n�i�c� �a�c�i�d� �f�r�o�m� �p�h�o�s�p�h�o�l�i�p�i�d�s� �b�y� 

�s�c�a�v�e�n�g�i�n�g� �h�y�d�r�o�x�y�l� �r�a�d�i�c�a�l�s�.� �H�o�w�e�v�e�r�,� �t�h�i�s� �h�y�p�o�t�h�e�s�i�s� �n�e�e�d�s� �t�o� �b�e� �t�e�s�t�e�d�.� 

�N�e�v�e�r�t�h�e�l�e�s�s�,� �t�h�e� �l�u�n�g� �d�a�m�a�g�e� �i�m�p�o�s�e�d� �b�y� �i�s�c�h�e�m�i�a�-�r�e�p�e�r�f�u�s�i�o�n� �c�o�u�l�d� �b�e� �a� 

�c�o�n�c�o�m�m�i�t�a�n�t� �a�c�t�i�o�n�s� �o�f� �b�o�t�h� �t�h�e� �t�o�x�i�c� �o�x�y�g�e�n� �p�r�o�d�u�c�t�s� �(�1�2�)� �a�n�d� 

�c�y�c�l�o�o�x�y�g�e�n�a�s�e� �m�e�t�a�b�o�l�i�t�e�s� �(�1�6�)�.� �W�e� �c�o�n�c�l�u�d�e� �t�h�a�t� �t�h�e� �i�n�h�i�b�i�t�i�o�n� �o�f� 
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�c�y�c�l�o�o�x�y�g�e�n�a�s�e� �p�r�o�d�u�c�t� �f�o�r�m�a�t�i�o�n� �a�n�d� �a�t�t�e�n�u�a�t�i�o�n� �o�f� �p�o�s�t�-�i�s�c�h�e�m�i�c� �l�u�n�g� �i�n�j�u�r�y� 

�b�y� �t�h�e�s�e� �d�r�u�g�s� �m�a�y�,� �i�n� �p�a�r�t�,� �b�e� �d�u�e� �t�o� �t�h�e� �r�e�m�o�v�a�l� �o�f� �t�o�x�i�c� �o�x�y�g�e�n� �m�e�t�a�b�o�l�i�t�e�s� 

�g�e�n�e�r�a�t�e�d� �d�u�r�i�n�g� �t�h�e� �r�e�p�e�r�f�u�s�i�o�n� �o�f� �t�h�e� �l�u�n�g�.� 

�1�0�3



�v�o�l� 

�"�H�/�|� �0�}� �p�a�s�e�d�w
�i�o�d� 

 ��1�0�0�'�0� �>� �d�,�,�  ��]�O�s�j�U�0�0� 
�0�}� �p�a�s�e�d�w

�i�0�d� 
 ��1�0�0�0�°� �>�d� �,� 

 ��u�o�i�s�n�p�a�d�e� 
�J�a�y�e� �u�l�l� �G� �U�d�y�e�}� 

�S�a�j�|�d�w
�e�s� 
�:�e�1�W

�a�Y�d�S�I�-�}�s�o�g� 
 ��u�o�I�S

�N
�a�d� 
�j�o� �S�a�j�n�u�l�w

� 
�O�f� �J�S�u�y� �:�B�l�w

�a�y�d�s�i�-�d�i�g� 
 ��u�o�I�S�N

�y�a�d� 
�j�o� �B�u�i�u�i�b�a�q� 

�d�y�}� �y�e� �S
�J�e�S

�n�p�s�d� 
�o�y�)� �0�}� �p�a�p�p�e� 

�a�s�a�m
�  ��A

�j�a�a�n�o�e�d�s�a� 
 ��m

�q
� �6�y�/�H

�w
� 

�O�z� �p�u�e� �O�}�  ��S�s� �J�O� �S
�a�s�o�p� 

�y�e� �a�p�i�w
�e�u�l�e�d�o�i�d� 

�p�u�e� �s�u�l�p�i�u�I�N
�b� 
 ��a�u�i�e�d�o�p�r�y� 

 ��u�o�I�s�n�p�a�d�a�:� 
�u�l�l� �O�E� �A�q� �p�a�M�m�o�y�|�j�o�}� 

�B�i�w�W
�d�Y�y�o�S�!� 

�U�i�I�L�U� �O�O� �:� 
�H�/�|� 

 ��U
�L� �Q

�O
�L� �1�0�)� �p�a�s�n�y�a�d� 

�j�n�q� �e�i�w
�a�y�o�s�i� 

�0�}� �p�a�j�}�o�a�l�q�n�s� 
�j�o�u� �s�H�u�n�j� �:�}�0�2�1�j�U�0�D� 

�
 
�
 

�8�7�°� �|� �#�S�9� 
�0�8�°�2�7� �+�S

�S
� 

�v�l� �¥� �2�8�2� 
�S�L� �F�L�S

�Z� 
�S�P�I�W

�E�U�I�E�d�O
�I� 

�+�H�/�I� 
�F

�e
� �F�E

�9� 
�G

�L
� �F�S

�S
� 

�e�Z
� �¥� �6�0�2� 

�9 ¬� �F� �0�S�Z� 
�S

�U
�I�P

�I�U
�I�N

�D
� 

�+�4�4� �/�|� 

�.�c
�9

� 
�&� �¥�9�8� 

�8�9�.� �#�2�9� 
�£�9� �F�Z�L�E

� 
�L�L� �#�5�0�2� 

�a�u�l�e�d�0�P�I�]�+� 
�H�{�/�|� 

�8�9�6� �F� �Z�E�L� 
�S�Z� �+

�8
�9

� 
�G

�L�E� �F� �8�z�Z�r�l� 
�G�L� �F� �E�O�L� 

�H�/�|� 

�L�v�l� �#
�9

� 
�G

�6�1� �F�8�S
� 

�0�2� �¥� 
�0�0�2� 

�O�L� �+� �0�2�z� 
�[�O

�1�J�U�O
�D� 

�B
�I�W

�A
�S

�Y
�O

�S
�I�-�}�S

�O
�q� 
�B

�I�W
�S

�Y
�O

�S
�!�I�-�3�1�g� 

�B
�l�w

�a�y�o�s�i�-�]�S
�O

�g� 
�e�l�w

�a�y�d�s�i�-�d�a�i�d� 

�(�j�w�/�6�d�)� �¢�g�x�y� 
�(�j�w�/�B�d�)� �@

�'�4�5�q�4�-�0�1�8�y�-�9� 

�|� 
�u

�o
�I�S

�n
�j�i�a

�d
�a

�s�-�e
�l�1

�w
�a

�y�o
�s�!� 

�0�}� 
�p

�a
�j�o

�e
�f�q

�n
�s� 

�B�u�n�;� �j�e�s� �p�a�z�y�e�j�o�s�!� 
�u�l� 

�u
�o

�l�e
�u

�s�0
�y� 
�J�O

�N
�p�O

�i�d� 
�s�s�e

�u
�a

�H
�A

�x�o
�o

�D
�A

�D
� 

�u�O
� �s�S�H

�n�i�p� �d�i�w
�y�Y

�y�A
�y�U

�e�N
�U

�e� 
�J�o� �9

�A
� 

 ��L�E� 
�o�1�q�e�L�1



� � �2�0� 

�[�A� �C�o�n�t�r�o�l� 

�i�s�c�h�e�m�i�a�/�r�e�p�e�r�f�u�s�i�o�n� 

�1� �L�i�d�o�c�a�i�n�e� 
�1�5� �5� 

�.� �M�i� �Q�u�i�n�i�d�i�n�e� 

�4� �°�.� 

�E�]�S�C�~�P�r�r�o�c�a�i�n�a�m�i�d�e� 

�1� 

�1�0� �=� 

�W
�e

�t�
 �w
�t�.

� �/�
 �

D
�r�

y�
 �w

�t�.
� �

r�a
�t�i

�o
� 

�:� �U�s� �,� �Y� 
�T�r�e�a�t�m�e�n�t�s� 

� � � � � � � � 

�F�i�g�.� �1�.� �E�f�f�e�c�t�s� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �o�n� �w�e�t�-�t�o�-�d�r�y� �l�u�n�g� 
�w�e�i�g�h�t� �r�a�t�i�o� �o�f� �i�s�c�h�e�m�i�c�-�r�e�p�e�r�f�u�s�e�d� �r�a�t� �l�u�n�g�.� �W�e�t�-�t�o�-�d�r�y� �l�u�n�g� 
�w�e�i�g�h�t� �r�a�t�i�o�s� �(�n�=�6�)� �a�f�t�e�r� �1�0�0� �m�i�n�u�t�e�s� �o�f� �l�u�n�g� �p�e�r�f�u�s�i�o�n� �i�n� �e�x�p�e�r�i�m�e�n�t�s� 
�e�x�p�o�s�e�d� �t�o� �i�s�c�h�e�m�i�a�-�r�e�p�e�r�f�u�s�i�o�n� �(�I�/�R�)� �a�n�d� �I�/�R� �w�i�t�h� �l�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �_� 
�a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�t� �d�o�s�e�s� �o�f� �5�,� �1�0� �a�n�d� �2�0� �m�g�/�K�g� �b�.�w�.�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 
�V�a�l�u�e�s� �a�r�e� �m�e�a�n�+�t�S�E�.�.�  ��*�p� �<� �.�0�0�0�1� �c�o�m�p�a�r�e�d� �w�i�t�h� �i�s�c�h�e�m�i�a�-�r�e�p�e�r�f�u�s�i�o�n� 
�l�u�n�g�s�.� �*�*� �p� �<� �.�0�0�1� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �c�o�n�t�r�o�l�.� 
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�F�i�g�.� �2�.� �E�f�f�e�c�t�s� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �o�n� �p�u�l�m�o�n�a�r�y� �a�r�t�e�r�i�a�l� 
�p�r�e�s�s�u�r�e� �o�f� �i�s�c�h�e�m�i�c�-�r�e�p�e�r�f�u�s�e�d� �r�a�t� �l�u�n�g�.� �U�n�-�i�n�j�u�r�e�d� �c�o�n�t�r�o�l� 
�l�u�n�g�s� �w�e�r�e� �p�e�r�f�u�s�e�d� �f�o�r� �a� �t�o�t�a�l� �p�e�r�i�o�d� �o�f� �1�0�0� �m�i�n�.� �L�u�n�g�s� �s�u�b�j�e�c�t�e�d� �t�o� 
�i�s�c�h�e�m�i�a�-�r�e�p�e�r�f�u�s�i�o�n� �u�n�d�e�r�w�e�n�t�,� �1�0� �m�i�n�u�t�e�s� �o�f� �p�r�e�-�i�s�c�h�e�m�i�a� �f�o�l�l�o�w�e�d� �b�y� 
�6�0� �m�i�n�u�t�e�s� �o�f� �i�s�c�h�e�m�i�a� �a�n�d� �3�0� �m�i�n�u�t�e�s� �o�f� �r�e�p�e�r�f�u�s�i�o�n�.� �L�i�d�o�c�a�i�n�e�,� 
�q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�t� �5�,� �1�0� �a�n�d� �2�0� �m�g�/�k�g� �b�.�w� �d�o�s�e�s�,� 
�r�e�s�p�e�c�t�i�v�e�l�y�,� �w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �p�e�r�f�u�s�i�o�n� �b�u�f�f�e�r� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� 
�p�e�r�f�u�s�i�o�n�.� �R�e�s�u�l�t�s� �w�e�r�e� �e�x�p�r�e�s�s�e�d� �a�s� �p�e�r�c�e�n�t� �c�h�a�n�g�e� �i�n� �m�e�a�n� 
�p�u�l�m�o�n�a�r�y� �a�r�t�e�r�i�a�l� �p�r�e�s�s�u�r�e� �b�e�t�w�e�e�n� �p�r�e�-�i�s�c�h�e�m�i�a� �a�n�d� �p�o�s�t�-�i�s�c�h�e�m�i�c� 
�r�e�p�e�r�f�u�s�i�o�n�.� �*�p� �<� �0�.�0�0�0�1�a�n�d� �*�*� �p� �<� �0�.�0�0�1� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �c�o�n�t�r�o�l�.� 
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�F�i�g�.� �3�.� �E�f�f�e�c�t�s� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �o�n� �p�e�a�k� �a�i�r�w�a�y� 
�p�r�e�s�s�u�r�e� �o�f� �i�s�c�h�e�m�i�c�-�r�e�p�e�r�f�u�s�e�d� �r�a�t� �l�u�n�g�.� �U�n�-�i�n�j�u�r�e�d� �c�o�n�t�r�o�l� 
�l�u�n�g�s� �w�e�r�e� �p�e�r�f�u�s�e�d� �f�o�r� �a� �t�o�t�a�l� �p�e�r�i�o�d� �o�f� �1�0�0� �m�i�n�.� �L�u�n�g�s� �s�u�b�j�e�c�t�e�d� �t�o� 
�i�s�c�h�e�m�i�a�-�r�e�p�e�r�f�u�s�i�o�n� �u�n�d�e�r�w�e�n�t�,� �1�0� �m�i�n�u�t�e�s� �o�f� �p�r�e�-�i�s�c�h�e�m�i�a� �f�o�l�l�o�w�e�d� �b�y� 
�6�0� �m�i�n�u�t�e�s� �o�f� �i�s�c�h�e�m�i�a� �a�n�d� �3�0� �m�i�n�u�t�e�s� �o�f� �r�e�p�e�r�f�u�s�i�o�n�.� �L�i�d�o�c�a�i�n�e�,� 
�q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�t� �5�,� �1�0� �a�n�d� �2�0� �m�g�/�k�g� �b�.�w�.� �d�o�s�e�s� �w�e�r�e� 
�a�d�d�e�d� �t�o� �t�h�e� �p�e�r�f�u�s�i�o�n� �b�u�f�f�e�r� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �p�e�r�f�u�s�i�o�n�.� �R�e�s�u�l�t�s� �w�e�r�e� 
�e�x�p�r�e�s�s�e�d� �a�s� �p�e�r�c�e�n�t� �c�h�a�n�g�e� �i�n� �m�e�a�n� �p�e�a�k� �a�i�r�w�a�y� �p�r�e�s�s�u�r�e� �b�e�t�w�e�e�n� 
�p�r�e�-�i�s�c�h�e�m�i�a� �a�n�d� �p�o�s�t�-�i�s�c�h�e�m�i�c� �r�e�p�e�r�f�u�s�i�o�n�.� �*�p� �<� �0�.�0�0�0�1� �c�o�m�p�a�r�e�d� �t�o� 
�c�o�n�t�r�o�l�.� �*�*� �p� �<� �0�.�0�0�1� �c�o�m�p�a�r�e�d� �t�o� �i�s�c�h�e�m�i�a� �r�e�p�e�r�f�u�s�e�d� �l�u�n�g�.� 
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�P�r�e�-�i�s�c�h�e�m�i�a� �P�o�s�t�-�i�s�c�h�e�m�i�a�,� �m�i�n� 

�F�i�g�.� �4�.� �E�f�f�e�c�t�s� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �o�n� �6�-�K�e�t�o�-�P�G�F�i�,� �o�n� 
�i�s�c�h�e�m�i�c�-�r�e�p�e�r�f�u�s�e�d� �r�a�t� �l�u�n�g�.� �S�a�m�p�l�e�s� �f�o�r� �6�-�K�e�t�o�-�P�G�F�i�g� 
�m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �p�r�i�o�r� �t�o� �i�s�c�h�e�m�i�a� �a�s� �w�e�l�l� �a�s� �5�,� �1�0�,� �2�0� 
�m�i�n�u�t�e�s� �a�f�t�e�r� �r�e�p�e�r�f�u�s�i�o�n� �o�r� �a�t� �t�i�m�e� �m�a�t�c�h�e�d� �p�o�i�n�t�s� �i�n� �c�o�n�t�r�o�l� �l�u�n�g�s� �n�o�t� 
�s�u�b�j�e�c�t�e�d� �t�o� �i�s�c�h�e�m�i�a�.� �L�i�d�o�c�a�i�n�e�,� �q�u�i�n�i�d�i�n�e� �a�n�d� �p�r�o�c�a�i�n�a�m�i�d�e� �a�t� �5�,� �1�0� 
�a�n�d� �2�0� �m�g�/�k�g� �b�.�w�.� �w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �p�e�r�f�u�s�a�t�e� �a�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� 
�p�e�r�f�u�s�i�o�n� �p�e�r�i�o�d�.� �6�-�K�e�t�o�-�P�G�F�1� �q� �w�a�s� �m�e�a�s�u�r�e�d� �b�y� �t�h�e� �s�c�i�n�t�i�l�l�a�t�i�o�n� 
�p�r�o�x�i�m�i�t�y� �a�s�s�a�y� �m�e�t�h�o�d� �o�n� �e�x�t�r�a�c�t�e�d� �s�a�m�p�l�e�s� �i�n� �d�u�p�l�i�c�a�t�e�.� 
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�P�r�e�-�i�s�c�h�e�m�i�a� �P�o�s�t�-�i�s�c�h�e�m�i�a�,� �m�i�n� 

�F�i�g�.� �5�.� �E�f�f�e�c�t�s� �o�f� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g�s� �o�n� �T�x�B�2� �o�n� �i�s�c�h�e�m�i�c�-� 
�r�e�p�e�r�f�u�s�e�d� �r�a�t� �l�u�n�g�.� �S�a�m�p�l�e�s� �f�o�r� �T�x�B�a� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� 
�o�b�t�a�i�n�e�d� �p�r�i�o�r� �t�o� �i�s�c�h�e�m�i�a� �a�s� �w�e�l�l� �a�s� �5�,� �1�0�,� �2�0� �m�i�n�u�t�e�s� �a�f�t�e�r� �r�e�p�e�r�f�u�s�i�o�n� 
�o�r� �a�t� �t�i�m�e� �m�a�t�c�h�e�d� �p�o�i�n�t�s� �i�n� �c�o�n�t�r�o�l� �l�u�n�g�s� �n�o�t� �s�u�b�j�e�c�t�e�d� �t�o� �i�s�c�h�e�m�i�a�.� 
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�S�c�h�e�r�p�h�o�f�,� �G�.� �L�.�,� �A�.� �S�c�a�r�p�a�,� �a�n�d� �A�.� �V�a�n� �T�o�o�r�e�n�b�e�r�g�e�n�.� �T�h�e� �e�f�f�e�c�t�s� �o�f� �l�o�c�a�l� 

�a�n�e�s�t�h�e�t�i�c�s� �o�n� �t�h�e� �h�y�d�r�o�l�y�s�i�s� �o�f� �f�r�e�e� �a�n�d� �m�e�m�b�r�a�n�e� �b�o�u�n�d� 

�p�h�o�s�p�h�o�l�i�p�i�d�s� �c�a�t�a�l�y�s�e�d� �b�y� �v�a�r�i�o�u�s� �p�h�o�s�p�h�o�l�i�p�a�s�e�s�.� �B�i�o�c�h�i�m�.� 

�B�i�o�p�h�y�s�.� �A�c�t�a�.� �2�7�0�:� �2�2�6�-�2�4�0�,� �1�9�7�2�.� 

�S�h�l�a�f�e�r�,� �M�,� �P�.� �K�.� �K�a�n�e�,� �M�.� �M�.� �K�r�i�s�h�.� �S�u�p�e�r�o�x�i�d�e� �d�i�s�m�u�t�a�s�e� �p�l�u�s� �c�a�t�a�l�a�s�e� 

�e�n�h�a�n�c�e�s� �t�h�e� �e�f�f�i�c�a�c�y� �o�f� �h�y�p�o�t�h�e�r�m�i�c� �c�a�r�d�i�o�p�l�e�g�i�a� �t�o� �p�r�o�t�e�c�t� �t�h�e� 

�g�l�o�b�a�l�l�y� �i�s�c�h�e�m�i�c� �r�e�p�e�r�f�u�s�e�d� �h�e�a�r�t�.� �J�.� �T�h�o�r�a�c�i�c�.� �C�a�r�d�i�o�v�a�s�c�.� �S�u�r�g�.� 

�8�3�:�8�3�0�-�8�3�9�,� �1�9�8�2�.� 
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�2�6�.� �S�i�m�p�s�o�n�,� �P�.� �J�.�,� �R�.� �F�.� �T�o�d�d� �I�l�l�,� �J�.� �©�.� �F�a�n�t�o�n�e�,� �J�.� �K�.� �M�i�c�k�e�l�s�o�n�,� �J�.� �D�.� �G�r�i�f�f�i�n� �a�n�d� 

�B�.� �R�.� �L�u�c�c�h�e�s�i�.� �R�e�d�u�c�t�i�o�n� �o�f� �e�x�p�e�r�i�m�e�n�t�a�l� �c�a�n�i�n�e� �m�y�o�c�a�r�d�i�a�l� 

�r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �b�y� �m�o�n�o�c�l�o�n�a�l� �a�n�t�i�b�o�d�y� �(�a�n�t�i�-�m�o�l�,� �a�n�t�i�-�C�D�1�1�6�)� 

�t�h�a�t� �i�n�h�i�b�i�t�s� �l�e�u�k�o�c�y�t�e� �a�d�h�e�s�o�n�.� �J�.� �C�l�i�n�.� �I�n�v�e�s�t�.� �8�1�:�6�2�4�-�6�2�9�,� �1�9�8�8�.� 

�2�7�.� �-�S�t�e�l�z�n�e�r�,� �T�.� �J�.�,� �C�.� �H�.� �W�e�l�s�h�,� �E�.� �B�e�r�g�e�r�,� �R�.� �G�.� �M�c�C�u�l�l�o�u�g�h�,� �K�.� �M�o�r�r�i�s�,� �J�.� �E�.� 

�R�e�p�i�n�e�,� �a�n�d� �J�.� �V�.� �W�e�i�l�.� �A�n�t�i�a�r�r�h�y�t�h�m�i�c� �a�g�e�n�t�s� �d�i�m�i�n�i�s�h� �t�h�i�o�u�r�e�a�-� 

�i�n�d�u�c�e�d� �p�u�l�m�o�n�a�r�y� �v�a�s�c�u�l�a�r� �p�r�o�t�e�i�n� �l�e�a�k� �i�n� �r�a�t�s�.� �J�.� �A�p�p�l�.� �P�h�y�s�i�o�l�.� 

�6�3�:�1�8�7�7�-�1�8�8�3�,� �1�9�8�7�.� 

�2�8�.� �T�a�t�e�,� �R�.� �M�.�,� �K�.� �M�.� �v�a�n�b�e�n�t�h�u�y�s�e�n�,� �D�.� �M�.� �S�h�a�s�b�y�,� �I�.� �F�.� �M�c�M�u�r�t�r�y�,� �a�n�d� �J�.� �E�.� 

�R�e�p�i�n�e�.� �O�x�y�g�e�n� �r�a�d�i�c�a�l� �m�e�d�i�a�t�e�d� �p�e�r�m�e�a�b�i�l�i�t�y� �e�d�e�m�a� �a�n�d� 

�v�a�s�o�c�o�n�s�t�r�i�c�t�i�o�n� �i�n� �i�s�o�l�a�t�e�d� �p�e�r�f�u�s�e�d� �r�a�b�b�i�t� �l�u�n�g�s�.� �A�m�.� �R�e�v�.� �R�e�s�p�i�r�.� 

�D�i�s�.� �1�2�6�:�8�0�2�-�8�0�6�,� �1�9�8�2�.� 

�2�9�.� �W�e�i�s�f�e�l�d�t�,� �M�.� �L�.� �R�e�p�e�r�f�u�s�i�o�n� �a�n�d� �r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y�.� �C�l�i�n�.� �R�e�s�.� �2�:�3�1�1�-�3�1�9�,� 

�1�9�8�7�.� 

�3�0�.� �Z�w�e�i�e�r�,� �J�.� �R�.� �M�e�a�s�u�r�e�m�e�n�t� �o�f� �s�u�p�e�r�o�x�i�d�e�-�d�e�r�i�v�e�d� �f�r�e�e�-�r�a�d�i�c�a�l�s� �i�n� �t�h�e� 

�r�e�p�e�r�f�u�s�e�d� �h�e�a�r�t�.� �E�v�i�d�e�n�c�e� �f�o�r� �a� �f�r�e�e� �r�a�d�i�c�a�l� �m�e�c�h�a�n�i�s�m� �o�f� 

�r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y�.� �J�.� �B�l�o�l�.� �C�h�e�m�.� �2�6�3�:�1�3�5�3�-�1�3�5�7�,� �1�9�8�8� 

�1�1�3



�C�H�A�P�T�E�R�-�V� 

�P�R�E�V�E�N�T�I�O�N� �O�F� �R�E�P�E�R�F�U�S�I�O�N� �L�U�N�G� �I�N�J�U�R�Y� �B�Y� 
�L�I�D�O�C�A�I�N�E� �I�N� �A� �H�Y�P�E�R�O�X�I�C� �V�E�N�T�I�L�A�T�E�D� 

�R�A�T� �L�U�N�G� �M�O�D�E�L� 

�(�S�u�b�m�i�t�t�e�d� �f�o�r� �p�u�b�l�i�c�a�t�i�o�n� �i�n� �t�h�e� �A�m�e�r�i�c�a�n� �R�e�v�i�e�w� �o�f� �R�e�s�p�i�r�a�t�o�r�y� �D�i�s�e�a�s�e�)� 

�A�b�s�t�r�a�c�t� 

�L�i�d�o�c�a�i�n�e�,� �a�n� �a�n�t�i�a�r�r�h�y�t�h�m�i�c� �d�r�u�g� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �b�e� �e�f�f�e�c�t�i�v�e� �a�g�a�i�n�s�t� �p�o�s�t�-� 

�i�s�c�h�e�m�i�c� �r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �i�n� �h�e�a�r�t�.� �H�o�w�e�v�e�r�,� �i�t�s� �e�f�f�e�c�t� �o�n� �p�u�l�m�o�n�a�r�y� 

�r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �h�a�s� �n�o�t� �b�e�e�n� �i�n�v�e�s�t�i�g�a�t�e�d�.� �W�e� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �e�f�f�e�c�t�s� �o�f� 

�l�i�d�o�c�a�i�n�e� �o�n� �a� �p�o�s�t�-�i�s�c�h�e�m�i�c� �r�e�p�e�r�f�u�s�e�d� �r�a�t� �l�u�n�g� �m�o�d�e�l�.� �L�u�n�g�s� �w�e�r�e� �i�s�o�l�a�t�e�d� 

�a�n�d� �p�e�r�f�u�s�e�d� �a�t� �c�o�n�s�t�a�n�t� �f�l�o�w� �w�i�t�h� �K�r�e�b�s�-�H�e�n�s�e�i�l�e�t� �b�u�f�f�e�r� �c�o�n�t�a�i�n�i�n�g� �4�%� �b�o�v�i�n�e� 

�s�e�r�u�m� �a�l�b�u�m�i�n� �a�n�d� �v�e�n�t�i�l�a�t�e�d� �w�i�t�h� �9�5�%� �o�x�y�g�e�n� �m�i�x�e�d� �w�i�t�h� �5�%� �C�O�s�,� �L�u�n�g�s� 

�w�e�r�e� �s�u�b�j�e�c�t�e�d� �t�o� �i�s�c�h�e�m�i�a� �b�y� �s�t�o�p�p�i�n�g� �p�e�r�f�u�s�i�o�n� �f�o�r� �6�0� �m�i�n�u�t�e�s� �a�n�d� �t�h�e�n� 

�r�e�p�e�r�f�u�s�e�d� �f�o�r� �1�0� �m�i�n�u�t�e�s�.� �P�o�s�t�-�i�s�c�h�e�m�i�c� �r�e�p�e�r�f�u�s�i�o�n� �c�a�u�s�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�p� �<� 

�0�.�0�0�1�)� �h�i�g�h�e�r� �w�e�t�-�t�o�-�d�r�y� �l�u�n�g� �w�e�i�g�h�t� �r�a�t�i�o�,� �p�u�l�m�o�n�a�r�y� �a�r�t�e�r�i�a�l� �p�r�e�s�s�u�r�e� �a�n�d� 

�p�e�a�k� �a�i�r�w�a�y� �p�r�e�s�s�u�r�e� �t�h�a�n� �t�h�e� �c�o�n�t�r�o�l� �l�u�n�g�s�.� �L�i�d�o�c�a�i�n�e�,� �a�t� �a� �d�o�s�e� �o�f� �5� �m�g�/�k�g� 

�b�.�w�.� �w�a�s� �f�o�u�n�d� �t�o� �s�i�g�n�i�f�i�c�a�n�t�l�y� �(�p�<�.�0�0�1�)� �a�t�t�e�n�u�a�t�e� �t�h�e� �r�i�s�e�s� �i�n� �t�h�e� �w�e�t�-�t�o�-�d�r�y� �l�u�n�g� 

�w�e�i�g�h�t� �r�a�t�i�o�,� �p�u�l�m�o�n�a�r�y� �a�r�t�e�r�i�a�l� �p�r�e�s�s�u�r�e� �a�n�d� �p�e�a�k� �a�i�r�w�a�y� �p�r�e�s�s�u�r�e� �o�b�s�e�r�v�e�d� 

�i�n� �p�o�s�t�-�i�s�c�h�e�m�i�c� �l�u�n�g�s�.� �W�e� �c�o�n�c�l�u�d�e� �t�h�a�t� �l�i�d�o�c�a�i�n�e� �i�s� �e�f�f�e�c�t�i�v�e� �i�n� �p�r�e�v�e�n�t�i�n�g� 

�p�o�s�t�-�i�s�c�h�e�m�i�c� �r�e�p�e�r�f�u�s�i�o�n� �i�n�j�u�r�y� �i�n� �i�s�o�l�a�t�e�d� �p�e�r�f�u�s�e�d� �r�a�t� �l�u�n�g�.� 
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