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Interaction of BW755C, a potent inhibitor of lipoxygenase and cyclo-oxygenase, with mitoehondrial eytochrome 
oxidase ~ 

K. Kawai 2, J. Hasegawa 3, H. Shiojiri, Y. Nozawa, K. Tsurumi 3 and H. Fujimura 4 

Department of Biochemistry, Gifu University School of Medicine, Tsukasamachi 40, Gifu 500 (Japan), 21 May 1984 

Summary. The interaction between BW755C (3-amino-l-[m-(trifluoromethyl)phenyl]-2-pyrazoline), a potent inhibitor of both 
lipoxygenase and cyclo-oxygenase, and respiratory chain in mitochondria and electron transport particles (ETP) from rat livers 
was examined. BW755C accelerated the oxygen uptake by mitochondria without the addition of substrate for the respiratory 
chain. Spectrophotometric study revealed that BW755C was quickly oxidized by cytochrome oxidase in mitochondria to a 
compound possessing an absorption maximum at 524 nm. p-Phenylenediamine (p-diaminobenzene, PPDA), which, like BW755C, 
serves as an electron donor to cytoschrome oxidase, was shown to inhibit the generation of active oxygen in macrophages; the 
inhibition was stronger than that of BW755C. These results strongly suggest that the oxidative conversion of  BW755C by 
mitochondrial cytochrome oxidase is associated with its potentially inhibitory action on the active oxygen-generating system in 
phagocytes. 
Key words. Rat liver; cytochrome oxidase, mitochondria; BW755C; 3, amino- 1 -[m-(trifluoromethyl)phenyl]-2-pyrazoline; lipoxy- 
genase inhibitor; cyclo-oxygenase inhibitor. 

It is now well accepted that prostaglandins contribute to the 
inflammatory response and that several nonsteroidal anti-in- 
flammatory drugs (NSAIDs) depress the synthesis of prosta- 
glandins by inhibiting cyclo-oxygenase in the arachidonic cas- 
cade, which is considered to be a mechanism for this anti-in- 
flammatory activities 5'6 (and references cited therein). Re- 
cently, BW755C has been demonstrated to elicit inhibitory ef- 
fects on both lipoxygenase and cyclo-oxygenase 7, but the pre- 
cise molecular mechanism for the inhibition of  these enzymes 
is unknown. Several possible modes of action of BW755C are 
proposed; action as a radical scavenger, direct interaction with 
these oxygenases, or inhibition of the active oxygen-generating 
system. It is of importance to elucidate the precise mode of 
action of this drug for understanding the mechanism of phar- 
maceutical actions of NSAIDs. 
Most recently, we have found that BW755C is able to donate 
electrons to cytochrome oxidase in mitochondria. Little is 
known regarding the correlation between the redox reaction 
with mitochondrial cytochrome oxidase and the inhibitory ef- 
fect on prostaglandin synthesis. But evidence is given for such 
a correlation by the finding that PPDA, an electron donor to 
cytochrome oxidase 8 like BW755C, also inhibits the generation 
of active oxygen in macrophages, and also by the finding that 
cytochrome(s) participate in the active oxygen-generation of 
phagocytes 9-H. Therefore it is not unreasonable to expect a 
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Figure 1. Effect of BW755C on mitochondrial respiration. The reaction 
mixture was composed of 675 lamol sucrose, 30 gmol KC1, 15 pmol 
MgCI z, 15 p.mol phosphate, 1.5 gmol EDTA, 60 pmol Tris-C1, and 3 mg 
of mitochondrial protein in a final volume of 3 ml (pH 7.4). Reaction 
was carried out at 30 ~ For curve 1 no mitochondria were present. 

redox interaction BW755C with those cytochromes which have 
a redox midpotential high enough to activate oxygen mole- 
cules. In this communication, evidence is presented for the in- 
teraction of BW755C with cytochrome oxidase of mitochon- 
dria and for the inhibition by BW755C and PPDA of the pro- 
duction of active oxygen. 
Materials and methods. Reagents. BW755C and pure beef heart 
cytochrome oxidase were kindly supplied by Dr M. Hori, Gifu 
College of Pharmacy, and Dr Y. Orii, Kyoto University, re- 
spectively. Tris, ADP, and zymosan A were obtained fi'om 
Sigma Chem. Co. Luminol was a product of Wako Chemicals. 
Bovine serum albumin was purchased from Armour Pharm. 
Co. Other reagents were of the purest grade commercially 
available, 
Preparation of rat liver mitochondria and electron transport par- 
ticles (ETP) and measurement of oxygen uptake by mitochon- 
dria. Rat liver mitochondria were prepared essentially by the 
method of Schneider a2 using 0.25 M sucrose which contain 0.5 
mM EDTA and 10 mM Tris-C1 (pH 7.4). Electron transport 
particles (ETP) were prepared from rat liver mitochondria ac- 
cording to the procedure of Ruzicka and Crane 13. Oxygen up- 
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Figure 2. Interaction of BW755C with respiratory chain of mitochon- 
dria. The reaction medium contained 100 nmol BW755C, 20 mg sodium 
cholate, 500 gmol sucrose, 100 gmol Tris-C1, and 3.7 mg of ETP protein 
in a final volume of 2.0 ml (pH 7.8). Anaerobic condition was obtained 
using N 2 gas. The insert shows the experiment with microsomes instead 
of mitochondria. Reaction was carried out at 24~ 
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take by mitochondria was measured by a Galvani-type oxygen 
electrode (Sensanics Japan Co.). The redox reaction between 
BW755C and cytochromes in ETP was spectrophotometrically 
measured using a Hitachi 320S recording spectrophotometer. 
Preparation o f  rat liver microsomes. Rat liver microsomes were 
prepared from the post mitochondrial supernatant fraction by 
centrifugation at 105,000 x g for 60 min and were twice 
washed by centrifugation with the same medium as that used 
for the preparation of mitochondria. Microsomes thus pre- 
pared did not contain any spectrophotometrically detectable 
cytochrome oxidase of mitochondria. Protein content was de- 
termined by the method of Lowry et at. using bovine serum 
albumin as a standard protein ~4. 
Detection o f  active oxygen in macrophages. Peritoneal exudate 
cells (macrophages) were collected using 60 ml of sterilized 
MEM (Nissui Seiyaku Co.) from the peritoneal cavity of rats 
weighing 200--250 g. The animals had been injected i.p. with 
10 ml of paraffin oil four days earlier. The collected cells were 
twice washed in sterilized MEM by centrifugation at 80 x g for 
5 rain. Active oxygen in macrophages (106 cells/0.5 ml) was 
assayed by using a photon counter (Berthold LB 9500T) 
detecting the chemiluminescence due to the oxidation of lumi- 
nol, as previously described in detail 15. 
Results and discussion. The effect o f  BW755C on oxidative 
phosphorylation o f  isolated rat liver mitochondria. Figure 1 de- 
picts the oxygram of mitochondrial respiration measured by 

u s i n g  a Galvani-type oxygen electrode. Isolated mitochondria 
showed tightly coupled respiration exhibiting a high respira- 
tory control index 16. BW755C exerted no significant influence 
on oxidative phosphorylation of mitochondria at concentra- 
tions lower than 200 gM (data not shown), whereas many un- 
coupling agents containing several NSAIDs strongly perturb 
mitochondrial respiration I~9. However, at high concentra- 
tions, BW755C quickly released the state 4 respiration (a respi- 
ration depressed for lack of ADP) like the uncoupling agents 
(curve 3). Furthermore BW755C induced oxygen uptake by 
mitochondria without added substrate for the respiratory 
chain (curve 2), indicating an effect of BW755C unlike those of 
typical uncoupling agents. The uncoupling agents, which work 
as protonophores, release the state 4 respiration in the pres- 
ence of substrate for the respiratory chain. BW755C alone did 
not consume any oxygen without mitochondria (curve 1). The 
oxygen uptake by ETP was also initiated by the drug without 
added substrate and the Km value of BW755C for oxygen up- 
take by ETP was about 1.5 mM (data not shown). These find- 
ings apparently demonstrate that BW755C is able to supply 
electrons to the mitochondrial respiratoly chain. 
The interaction o f  BW755C with the respiratory chain in mito- 
chondria. The interaction of BW755C with the respiratory 
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Figure 3. Interaction of BW755C with cytochrome oxidase. The reac- 
tion conditions were the same as in figure 2. 7.5 lamol cytochrome oxi- 
dase from beef heart mitochondria was present instead of ETP. 

chain of mitochondria was spectrophotometrically examined 
for ETP. Figure 2 shows the difference spectra of  ETP with 
and without BW755C under anaerobic conditions. The differ- 
ence spectrum measured immediately after addition of 
BW755C to the sample gave an absorption maximum at 
524 nm (curve 1) and the maximal peak quickly disappeared in 
the course of incubation for 10 min. Curve 2 depicts the ab- 
sorption curve measured after incubation for 30 min, where 
the absorption maximum at 524 nm was no longer detected 
and a typical reduced minus oxidized difference spectrum of 
cytochromes c and aa 3 was observed, with absorption maxima 
at 550 and 605 nm. When the sample was treated with dithio- 
nite, an absorption shoulder, which is ascribed to the reduction 
of cytochrome b, was seen at 560 nm in addition to the absorp- 
tion maxima at 550 and 605 nm (curve 3). These results may 
indicate that BW755C is able to give electrons to cytochrome c 
and aa 3 but not to cytochrome b. The brief appearance of the 
absorption maximum at 524 nm suggests the production of an 
unstable oxidized intermediate of BW755C. The insert in fig- 
ure 2 shows the results obtained with microsomes; curves 2 
and 3 express the difference spectra of microsomes treated with 
BW755C and dithionite, respectively. BW755C did not un- 
dergo interaction with cytochrome b in microsomes. 
Evidence for the direct interaction between BW755C and 
cytochrome oxidase was presented by using cytochrome oxi- 
dase purified from beef heart mitochondria (fig. 3). Curve 1 
shows the difference spectrum of cytochrome oxidase treated 
with dithionite, where a typical absorption spectrum of cyto- 
chrome oxidase was seen at 605 nm. The addition of BW755C 
instead of dithionite gave the typical reduced minus oxidized 
difference spectrum of cytochrome oxidase (curve 2). NSAIDs 
such as indomethacin, benoxaprofen, flufenamic acid, and 
tinoridine did not interact with cytochromes in mitochondria 
but caused significant depression of mitochondrial respira- 
tion 2~ indicating a mode of action of BW 755C on the respira- 
tory chan in mitochondria different from those of these 
NSAIDs. 
The inhibitory effects o f  BW755C and PPDA on the active oxy- 
gen-generating system in macrophages. BW755C, which has 
been known to inhibit the production of active oxygen Is, was 
found to interact with cytochrome oxidase as mentioned 
above. It is of much interest to see whether PPDA, which in- 
teracts with cytochrome oxidase of mitochondria 8, depresses 
the generation of active oxygen in phagocytes. Indeed, as 
shown in figure 4, PPDA inhibited the production of active 
oxygen in the macrophage, exhibiting a stronger effect than 
that of BW755C. These findings strongly support the correla- 
tion between its interaction with cytochrome(s) in mitochon- 
dria and its potent inhibitory effect on the formation of oxygen 
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Figure 4. Effects of BW755C and PPDA on active oxygen-generating 
system in macrophages. The reaction mixture was composed of 106 cells 
of macrophages and 200 gg of luminol in 0.5 ml MEM, containing 1% 
rat plasma. The reaction was initiated by adding zymosan A suspension 
and was performed at 37*C. 
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radicals. The involvement of cytochrome b in the active oxy- 
gen-generating system has also been proposed 9-1~, but it is not 
known whether cytochrome b activates oxygen molecules by 
forming oxygenated cytochrome b, as in cytochrome oxi- 
dase 2~'22. If  the redox midpotential of the cytochrome b were 
nearly as high as that of cytochrome oxidase or the steric fac- 
tor of the cytochrome b permitted, BW755C and PPDA would 
interact with the cytochrome b. There is another possibility for 
their pharmacological actions; these drugs could be activated 
by mitochondrial cytochrome oxidase to act as radical sca- 
vengers. This may be supported by the short-termed appear- 
ance of a compound possessing an absorption maximum at 
524 nm. For the better understanding of  the molecular 
mechanism of the potent inhibition of BW755C on the cyclo- 
and lipo-oxygenases in macrophages, more extensive studies 
with macrophages are needed; such studies are currently being 
carried out in our laboratory. 

Abbreviations. PPDA, p-phenylenediamine; NSAIDS, non-ste- 
roidal anti-inflammatory drugs; MEM, minimum essential me- 
dium. 
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Androstenedione or corticosterone treatment during pregnancy alters estrous cycle of  adult female offspring in 
mice 

P.W. Harvey and P. F. D. Chevins 

Department of Biological Sciences, University of Keele, Keele, Staffordshire (England), 18 July 1984 

Summary. Female offspring from mice injected with androstenedione during late pregnancy showed lengthened vaginal cycles, 
persistent estrus and decreased incidence of pro-estrus and diestrus, whilst offspring from mice injected with corticosterone 
showed increased incidence of diestrus. These observations give qualified support to the hypothesis that stress during pregnancy 
alters the female offspring reproductive system through the action of adrenal steroids. 
Key words. Mouse, female offspring; androstenedione treatment; corticosterone treatment; pregnancy; estrous cycle. 

The effects of stress during pregnancy in reducing sexual be- 
havior of the male offspring in rodents is well known 1-3. Ward 1 
and Dah16f et al. 2 have suggested that this effect is mediated 
by increased maternal pituitary-adrenocortical output and that 
in utero exposure to adrenal steroids compromises sexual-be- 
havioral differentiation of the fetal male: we have recently con- 
tributed evidence supporting this hypothesis 3. Similarly, evi- 
dence exists to suggest that stress during pregnancy influences 
sexual development of  female offspring: in rats, prenatal stress 
lengthens the estrus-metestrus stages of the adult cycle 4, whilst 
in mice prenatal stress shortens the length of the pro-estrus 
stage and delays puberty 5. No experiments to date have tested 
the hypothesis that the effects of stress during pregnancy upon 
female offspring reproductive function are mediated by in 
utero exposure to maternal adrenocortical products. In rats 
and mice the major adrenocortical product released in the 
stress response is corticosterone 6, but androgens, estrogens and 
progestagens can also be secreted from the adrenal cortex un- 
der the influence of ACTH 7,8. Stress during pregnancy in- 
creases maternal and fetal plasma androstenedione concentra- 
tions in the raP, and it has been suggested that fetal exposure 
to this compound disrupts sexual differentiation I'9. Additio- 

nally, as corticosterone 1~ and most other unbound steroids 
cross the placenta H, it is possible that fetal exposure to other 
adrenocortical products may mediate the effects of stress dur- 
ing pregnancy upon the female offspring. The purpose of this 
study was to examine the effects of androstenedione or corti- 
costerone administration during late pregnancy, upon the 
estrous cycle of adult female offspring. 
Materials and methods. Females used were virgin TO mice (A. 
Tuck and Sons, Battlesbridge, Essex), obtained two weeks 
prior to mating. They were housed in groups of 10 in large 
plastic cages (42 x 25 x 11 cm), allowed ad libitum supply of 
food (Labsure animal diet, Christopher Hill Ltd, Dorset) and 
water, and maintained on a reverse lighting regime (red lights 
on 12.00-22.00 h) at 18-23 ~ At 10-12 weeks of age, these 
females were placed individually into small plastic cages 
(30 x 13 x 11 cm) with a male and observed daily for the ap- 
pearance of a vaginal plug, which was deemed to indicate day 
0 of pregnancy. Males were then removed and females were 
left undisturbed until day 12 of pregnancy when treatments 
were administered. Pregnant females were randomly assigned 
to 1 of 4 treatments: untreated controls (n = 8), steroid vehicle 
injection controls (n = 7), corticosterone treatment (n = 8) and 


