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Potential Cancerostatic Benfluron is Metabolized
by Peroxidase: In vitro Biotransformation
of Benfluron by Horseradish Peroxidase

K HRUBY, E ANZENBACHEROVA, P ANZENBACHER AND M NOBILIS

Institute of Expervmental Biopharmaceutics, PRO MED CS Praha
& Academy of Sciences, Hradec Krdlove, Czech Republic

Abstract. Horseradish peroxidase (HRP) was used to investigate whether ben-
fluron (a potential cytostatic drug) can be biotransformed extra-hepatically by
systems other than flavin-containing monooxygenase and cytochromes P450 Three
types of incubation mixtures differring 1n buffers (Na-phosphate buffer 50 mmol/1,
pH 6 8 and 8 4 and Tris-HCI buffer 25 mmol/l, pH 7 5) were tested The amount of
N-demethylated benfluron (demB) formed was significantly higher (up to 4 times
i the Na-phosphate buffer, pH 8 4, and 5 times 1n the Na-phosphate buffer, pH
6 8, and 1 the Tris-HCl buffer, pH 7 5) compared to control experiments The
highest yields of demB were obtained with the moderately alkaline Na-phosphate
buffer (50 mmol/l, pH 8 4) The concentiation of demB 1ncreased during thirty
minutes of incubation, and then remained constant through the end of two-hour
mcubation The 1esults support the hypothesis that benfluron can be metabolized
extra-hepatically by N-demethylation reaction catalyzed by peroxidases

Key words: Horseradish peroxidase — Dealkylation — Neoplasms — Benfluron
— Cytochrome P-450

Introduction

Benfluron (5-(2-dimethylaminoethoxy)-7H-benzo[c]fluorene hydrochloride) 1s a pro-
spective cancerostatic agent (Mé&lka and Krepelka 1987), the biological effects,
biodistribution and biotransformation of which have been investigated in depth
both vivo and 1n vitro (Kvasnickova et al 1984, Francova et al 1985, Nobilis et
al 1991) The metabolites of benfluron have been 1dentified (Fig 1), and enzyme
systems mvolved 1n benfluron biotransformation have also been investigated (Kvas-
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ni¢kova et al. 1984). The purpose of our study was to look at whether enzymes other
than flavin-containing monooxygenase (FMO) and cytochrome P450 (P450) could
also be involved in benfluron biotransformation.
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Figure 1. In vitro metabolic pathways of benfluron. 10 — benfluron; 9 - N-demethylated
benfluron; 8 — reduced benfluron, 7 — 9-hydroxybenfluron; 6 - reduced N-demethylated
benfluron, 5 - 5,9-dihydroxy-T-oxo-7TH-benzo[c|fluorene; 4 -~ benfluron N-oxide; 3 — re-
duced 9-hydroxybenfluron, 2 — reduced benfluron N-oxide; 1 - 5,7,9-trihydroxy-7H-benzo
[c]fluorene.
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Peroxidases (EC 1.11.1.7), abundant in plants as well as in animals, are known
to be able to participate in biotransformation of many compounds (Guengerich
1990; Stiborova et al. 1991). For example, prostaglandin H synthase (PGHS) (EC
1.14.99.1) which converts arachidonic acid to cyclic endoperoxide/hydroperoxide
prostaglandin G, (PgGs) is localized in the urinary bladder epithelium and in the
kidney, prostate or in the colon mucosa in man. PGHS is known to oxidize many
carcinogens such as 2-aminofluorene, 2-naphthylamine or benzidine (Guengerich
1990). Hence, this enzyme may contribute to the development of fatal colon cancers;
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the use of aspirin, an inhibitor of PGHS, 1s associated with a reduced risk of this
disease (Thun et al 1991)

Horseradish peroxidase (HRP) 1s often used as a tool for modelng extra-
hepatic biotransformation of xenobiotics (Josephy et al 1983a,b, Ross et al 1985,
Sugiyama et al 1994) It possesses heme b (a ferriprotoporphyrin IX) as the pros-
thetic group, and mtrogen atom from a histidine residue as the heme iron proximal
ligand (Meunier 1987) We used HRP as a model peroxidase to investigate 1ts abil-
1ty to catalyze (in the presence of hydrogen peroxide) the conversion of benfluron
to known metabohtes

Materials and Methods

Chemacals

Benfluron was a generous gift from Reseaich Institute of Pharmacy and Biochem-
1stry 1 Prague (Czech Republic) HRP (type II) was puichased from Sigma (St
Lous, USA) Acetonitrile was purchased from Merck (Darmstadt, Germany), and
nonylamine was from Fluka (Buchs, Switzerland) All other chemicals were from
Lachema (Brno, Czech Republic), and were of analytical-grade purity

Incubation and extraction procedures

Incubation mixture contained HRP (2 0 mg), hydrogen peroxide (1 5 mmol/l),
benfluron (0 2 mmol/l) Three types of buffers were used Na-phosphate buffer (50
mmol/]l, pH 6 8 and 8 4) and Tris-HCI buffer (25 mmol/l, pH 7 5) Total volume of
incubation (mixture) was 15 ml Samples were premcubated 5 minutes at 37°C,
then HRP was added, and the reaction mixture was incubated for 120 minutes at
37°C Incubations were done 1n triplicate Control incubations without HRP were
made simultaneously For the time experiment, the reaction mixture was incubated
for 1, 3, 5, 15, 30, 60, and 120 minutes Incubation was stopped by addition of 5
ml 5% (v/v) ammonium hydroxide and cooling The samples were extracted three
times with 8 ml of ethylacetate each Extracts were collected and ethylacetate was
evaporated under vacuum at 40°C The residue was dissolved 1n a small volume of
methanol, the solvent was then evaporated by a stream of mitrogen at 50°, and the
samples were stored for HPLC

HPLC

Samples were analyzed on a reverse-phase Cyg column (5 pm, 125 x 4 mm) (Merck)
with a system consisting of AS3500 autosampler and P4000 ternary pump (Thermo
Separation Products) Analyses were done under 1socratic conditions with a mo-
bile phase consisting of 40% nonylamine buffer pH 741 40% acetomitrile 20%
1sopropanol at the rate of 0 90 ml/min HPLC profile was monitored at 295 and
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340 nm using Spectra FOCUS forward optical scanning detector (TSP) Metabo-
lites weire quantified by comparning their peak areas with peak areas of external
standaids This procedure was done using Spectra SYSTEM™ software PC1000
(TSP) Metabolites were 1dentified by then known retention times and by their
characteristic spectia taken by the detector
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Figure 2. HPLC elution profile of benfluron incubation with HRP Peak A, benfluron N-
oxide peak B 9-hydroxvbenfluron, peak C, N-demethylated benfluron, peak D, benfluron,
peak X, unidentified metabolite Thick line, absorbance at 295 nm, dotted line absorbance
at 340 nm

Results and Discussion

HPLC profiles of benfluron and 1ts metabolites aie shown 1n F1g 2 Retention tiumes
of peaks A, B, C, D were 1n accordance with the retention times of known standards
Peak A was 1dentified as benfluion N-oxide (N-0xB), peak B as 9-hydroxybenfluron
(9-OHB), peak C as N-demethylated benfluron (demB), and peak D as benfluron
Fuithermore, peak X was detected mn extracts from HRP incubations and control
mcubations Its retention tume did not correspond to retention time of any known
metabolite
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Table 1. Effect of various buffers on the concentrations of benfluron metabolites from
mcubations with HRP™ and from control incubations

Concentration [nmol/ml]’

Metabolite N-oxB 9-OHB demB

Na-phosphate buffer 50 mmol/l, pH 84 6050 £ 1303 073 +£020 674 £137
Control 9915+ 341 087 +£013 183046
Na-phosphate buffer 50 mmol/l, pH 68 5351 £ 1313 081 +£025 299 +084
Control 134 69 £ 923 nd! 071 +£007
Tr1s-HCI buffer 25 mmol/l, pH 7 5 5284 £ 885 149 +038 359+174
Control 108 14 + 18 67 nd 080 4019

*Abbreviations used HRP, horseradish peroxidase, N-oxB, benfluron N-oxide 9-OHB,
9-hydroxybenfluion, demB, N-demethylated benfluron

t Values are means + S D for three experiments

*nd not detected

Concentration of demB was significantly mcieased compared with contiol ex-
periment The concentiations of 1dentified metabolites are shown 1n Table 1 The
1esults show a significant increase of N-demethylated product formation compared
to control experiments On the other hand, yields of N-oxB are significantly dimin-
ished 1n the presence of HRP This reaction is known to take place spontaneously
benfluron 1n solutions slowly oxidizes to form this compound Also, another metabo-
lite, 9-OHB, was formed However, 1ts yields were relatively low The results show
that this product could also be formed 1n the absence of HRP 1n alkaline pH (Table
1) Na-phosphate buffer (pH 8 4) was selected as a medium to study the kinetics
of demB formation The results are shown in Fig 3 DemB already occurred after
pieincubation This 1s 1n agreement with the results shown in Table I spontaneous
formation of demB 1n the presence of hydrogen peroxide could be an explanation
Nevertheless, there was a significant inciease in demB concentiation during thirty
nunutes of incubation with HRP Theieafter, demB concentration remained con-
stant throughout the end of two-hour mcubation

The metabolism of benfluron has recently been extensively studied FMOs
are known to be mnvolved in benfluron biotransformation yielding an N-oxide, and
that hydroxylation and N-demethylation are catalyzed by P450 (Kvasnickova et al
1984) The results of a biodistribution study (Francova et al 1985) indicated that
benfluron could also be a substrate for extra-hepatic biotransformation catalyzed
by different systems Among them, the peroxidases occurring e g in the unnary
bladder, 1n the mammary gland, eosinophiles, leukocytes, the uterus or in pul-
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Figure 3. Formation of N-demethylated benfluron over time. The results shown are means
from five experiments.

monary and renal cells (Stiborova et al. 1991) may play a significant role. We used
HRP to model extrahepatic biotransformation by peroxidases. This approach has
been widely used (Josephy et al. 1983a,b; Sugiyama et al. 1994; Ross et al. 1985;
Meunier 1987; Guengerich 1990). Our results clearly show that HRP catalyzed N-
demethylation of benfluron as the amounts of demB were significantly increased
in the presence of this hemoprotein. It is known that HRP is able to catalyze N-
demethylation reactions as well as P450; the reaction mechanisms, however, are
most probably diffferent (Okazaki and Guengerich 1993; Anzenbacher et al. 1996).
This property seems to be typical of all heme-containing systems (hemoproteins as
well as the model ones).

The results show that benfluron could be metabolized by N-demethylation re-
action mediated by peroxidases. This fact adds new piece of evidence to suggestions
on the importance of extra-hepatic biotransformations and the role of peroxidases
in these processes.
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