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Lactoperoxidase, when incubated with increasing 
amounts of promethazine (P) and promethazine sul- 
foxide (PO) catalyzes the formation of promethazine 
sulfoxide accompanied by oxygen consumption. An 
intermediate radical of PO can be detected by elec- 
tron spin resonance (ESR). Catalase or superoxide 
dismutase do not inhibit the reaction while dopamine 
does. The lactoperoxidase-catalyzed formation of 
dopaminochrome in the presence of hydrogen perox- 
ide is inhibited by P. Both P and PO inhibit acetyl- 
and butyrylcholinesterase. Purified enzymes were 
used throughout the study and horseradish peroxi- 
dase but not myeloperoxidase had an activity similar 
to that of lactoperoxidase. 
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INTRODUCTION 

In a previous paper['] we have described the sul- 
foxidation of promethazine (P) catalyzed by horse- 

radish peroxidase. The sulfoxide, htherto consid- 
ered as the main catabolite of phenothiazines,[*I 
was devoid of several actions associated with the 
parent compound but, rather unexpectedly, main- 
tained the neuroleptic action. We hypothesized 
that such an action was mostly associated to a rad- 
ical species which might originate from both the 
sulfoxide and its parent phenothiazine. 

We have investigated the possibility that 
promethazine sulfoxide (PO) acts as a n  oxidiz- 
ing agent, or as a co-oxidant, in a peroxidase- 
catalyzed reaction. 

MATERIALS AND METHODS 

A Beckman DU-640 recording spectrophotome- 
ter (Epsom FX 850 recorder), an oxygraph with a 
Clark's electrode and an ESR Bruker 200-D spec- 
trometer were used. 

All reagents and purified enzymes were pur- 
chased from Sigma Chem. Co. (St. Louis, MO) 

* Corresponding author. Tel.: Fax.: +39 494276142, 
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and were used without further purification. PO 
was chemically synthesized as described.[’] 

An ordinary incubation mixture contained in a 
final volume of 1 ml, thermostatized at 25”C, 0.1 
M acetate buffer pH 5.5, 100 pM P, 100 pM PO, 
1mM EDTA and 3 U of lactoperoxidase. The 
blank contained the same except lactoperoxi- 
dase. PO formation was measured at 335 nm 
(Em of 5,000). 

Acetyl- and butyrylcholinesterase activities 
were measured according to Ellman[’] with 
acetylthiocholine and butyrylthiocholine as sub- 
strates. 

RESULTS AND DISCUSSION 

When lactoperoxidase was incubated with P 
and PO, formation of further PO was observed 
and quantitated, with concomitant oxygen 
consumption and disappearance of P. The reac- 
tion could also be followed under nitrogen by 
ESR and a radical intermediate was detected. 
Figure 1A shows the ESR spectrum of a radical 
which we suppose is P+’, together with the 
kinetics of PO formation and the oxygen con- 
sumption (1B). 

The reaction has a pH optimum between 4 and 
8. At pH 5.5 an apparent K, of 127 pM was 
found for P and an apparent K, of 41 pA4 was 
found for PO. 

The formation of PO was linear with lactoper- 
oxidase concentration from 0 to 5 U. 

The sulfoxidation was unaffected by super- 
oxide dismutase (10 pg) and catalase (10 pg) .  

P sulfoxidation was also inhibited by dopa- 
mine (Ki of 3 m), while dopaminochrome for- 
mation catalyzed by lactoperoxidase in the 
presence of hydrogen peroxide (followed at 
475 nm in 0.1M phosphate buffer at pH 7.5) 
was inhibited by P (Ki of 300 pM) and slightly 
activated by PO. 

The following mechanism, to be confirmed by 
further experiments, may be comptible with our 
observations: 

2PO + 2P + 4H+ -+ 
4P” + O2 + 4H+ -+ 
4P2+4H20 + 4PO+8H+ 

4P+’ + 2H20 
4P2+ + 2H20 

Overall: 2P + O2 

The rapid formation of low amounts of a colored 
intermediate (P”) was also observed, while no 
significant pH change could be documented in 
the course of the reaction. 

The interaction of PO with lactoperoxidase 
was checked spectroscopically and the hypo- 
chromic effect together with the red shift of the 
Soret band document the formation of a complex 
I between PO and the enzyme (Figure 2). This is 
in agreement with the monoelectronic oxidation 
of P proposed in the scheme. 

The sulfoxidation of P under these conditions 
was catalyzed also by horseradish peroxidase, 
while myeloperoxidase appeared to be uneffec- 
tive. P inhibits both purified acetyl- and butyryl- 
cholinesterase (Ki of 55 pA4 and 3.5) and PO has 
an even stronger inhibitory action (Ki of 25 pM 
and 2.4 pM respectively). 

The anticholinesterase effects shown for differ- 
ent phenothiazine~[~I may therefore increase after 
sulfoxidation. The clinical importance of the 
peroxidase-catalyzed sulfoxidation is related to 
the pharmacological effect of P which, as any 
other phenothiazine, has strong antioxidant and 
photosensitizing properties. On the other hand, 
PO appears to act as an oxidizing agent, or as a 
co-oxidant, replacing hydrogen peroxide when a 
phenothiazine is the acceptor, in the presence of 
peroxidase. 

The effect of P and PO on the lactoperoxidase- 
catalyzed oxidation of dopamine is an interest- 
ing property, in view of the implication of 
dopamine in ne~rotoxicity[~,~] and the dopamin- 
ergic cell death involved in Parkinson’s disease 
or other central nervous system alterations. In 
particular, Parkinson’s disease affects the pig- 
mented cells of substantiu nigru in conditions of 
low defence against oxidative stress.L7] Since 
dopaminochrome has neurotoxic properties, the 

-+ 2PO 
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FIGURE 1 (A) Typical ESR spectrum obtained by incubating in 0.1 M acetate buffer pH 4.5 lactoperoxidase (3U) with 0.8 mM 
promethazine, 0.8 mM promethazine sulfoxide, 1 mM EDTA. Central field 3487 G; sweep time 1000 s; modulation field 20 mGpp; 
microwave power 20 mW; microwave frequency 9.82 GHz. The PO formation documented spectrophotometncally under the same 
conditions was 4-15 nmoleslminlml and oxygen consumption was 2-8 nmoles/min/ml. (B) finetics of PO formation followed spec- 
trophotometrically at 335 nm. In the inset, oxygen consumption measured with the oxygraph. The vertical arrows indicate the addi- 
tions of P, lactoperoxidase, and PO in that order. A second addition of PO corresponds to a lower oxygen consumption. Conditions 
are those described in the Materials and Methods section. 
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FIGURE 2 0.1 mM lactoperoxidase in 0.1 M acetate buffer pH 5.5 was reacted with a stoichiometric amount of PO. The spectra of 
lactoperoddase, PO and the 1actoperoxidaselPO complex are shown. 

inhibition of its formation by P may be rele- 
vant to the therapeutic action of the latter at a 
central level. 
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