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Potential Cancerostatic Benfluron is Metabolized 
by Peroxidase: In vitro Biotransformation 
of Benfluron by Horseradish Peroxidase 
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Institute of Experimental Biopharmaceutics, PRO MED CS Praha 
& Academy of Sciences, Hradec Králové, 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 differrmg in buffers (Na-phosphate buffer 50 mmol/1, 
pH 6 8 and 8 4 and Tris-HCl buffer 25 mmol/1, pH 7 5) were tested The amount of 
N-demethylated benfluron (demB) formed was significantly higher (up to 4 times 
in the Na-phosphate buffer, pH 8 4, and 5 times in the Na-phosphate buffer, pH 
6 8, and in the Tris-HCl buffer, pH 7 5) compared to control experiments The 
highest yields of demB were obtained with the modeiately alkaline Na-phosphate 
buffer (50 mmol/1, pH 8 4) The concentiation of demB increased during thirty 
minutes of incubation, and then remained constant through the end of two-hour 
incubation The íesults 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) is a pro
spective cancerostatic agent (Mélka and Kfepelka 1987), the biological effects, 
biodistnbution and biotransformation of which have been investigated in depth 
both vivo and in vitro (Kvasničková et al 1984, Francová et al 1985, Nobilis et 
al 1991) The metabolites of benfluron have been identified (Fig 1), and enzyme 
systems involved in benfluron biotransformation have also been investigated (Kvas-
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ničková 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. 

t t f 

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-7-oxo-7H-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. 

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; Stiborová et al. 1991). For example, prostaglandin H synthase (PGHS) (EC 
1.14.99.1) which converts arachidonic acid to cyclic endoperoxide/hydroperoxide 
prostaglandin G 2 (PgG2) 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, is associated with a reduced risk of this 
disease (Thun et al 1991) 

Horseradish peroxidase (HRP) is often used as a tool for modeling extra-
hepatic biotransformation of xenobiotics (Josephy et al 1983a,b, Ross et al 1985, 
Sugiyama et al 1994) It possesses heme b (a fernprotoporphyrm IX) as the pros
thetic group, and nitrogen atom from a histidme residue as the heme iron proximal 
hgand (Meunier 1987) We used HRP as a model peroxidase to investigate its abil
ity to catalyze (in the presence of hydrogen peroxide) the conversion of benfluron 
to known metabolites 

Mater ials and Methods 

Chemicals 

Benfluron was a generous gift from Reseaich Institute of Pharmacy and Biochem
istry m Prague (Czech Republic) HRP (type II) was puichased from Sigma (St 
Louis, USA) Acetomtnle was purchased from Merck (Darmstadt, Geimany), 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/1), 
benfluron (0 2 mmol/1) Three types of buffers were used Na-phosphate buffer (50 
mmol/1, pH 6 8 and 8 4) and Tris-HCl buffer (25 mmol/1, pH 7 5) Total volume of 
incubation (mixture) was 1 5 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 in triplicate Control incubations without HRP were 
made simultaneously For the time experiment, the reaction mixture was mcubated 
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 
evapoiated under vacuum at 40°C The residue was dissolved in a small volume of 
methanol, the solvent was then evaporated by a stream of nitrogen at 50°, and the 
samples were stored for HPLC 

HPLC 

Samples were analyzed on a reverse-phase Cis column (5 /xm, 125 x 4 mm) (Merck) 
with a system consisting of AS3500 autosampler and P4000 ternary pump (Thermo 
Separation Products) Analyses were done under isocratic conditions with a mo
bile phase consisting of 40% nonylamine buffer pH 7 41 40% acetomtnle 20% 
isopropanol at the rate of 0 90 ml/min HPLC profile was monitored at 295 and 
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340 nm using Spectra FOCUS foiward optical scanning detectoi (TSP) Metabo
lites weie quantified by comparing their peak areas with peak areas of external 
standaids This procedure was done using Spectra SYSTEM™ software PC1000 
(TSP) Metabolites were identified by then known retention times and by their 
chaiactenstic spectia taken by the detector 
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Figure 2. HPLC elution piofile 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 hne, absorbance at 295 nm, dotted line absorbance 
at 340 nm 

Results and Discussion 

HPLC piofiles of benfluron and its metabolites aie shown in Fig 2 Retention times 
of peaks A, B, C, D were in accordance with the retention times of known standards 
Peak A was identified as benfluion N-oxide (N-oxB), peak B as 9-hydroxybenfluron 
(9-OHB), peak C as N-demethylated benfluron (demB), and peak D as benfluron 
Fuithermore, peak X was detected in extracts from HRP incubations and control 
incubations Its retention time 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 
incubations with HRP* and from control incubations 

Metabolite 

Na-phosphate buffer 50 mmol/1, pH 8 4 
Control 

Na-phosphate buffer 50 mmol/1, pH 6 8 
Control 

Tris-HCl buffer 25 mmol/1, pH 7 5 
Control 

Concentration [nmol/ 

N-oxB 

60 50 ± 13 03 
99 15 ± 3 41 

53 51 ± 13 13 
134 69 ± 9 23 

52 84 ± 8 85 
108 14 ± 18 67 

9-OHB 

0 73 ± 0 20 
0 87 ± 0 13 

0 81 ± 0 25 
n d * 

1 49 ± 0 38 
n d 

ml]+ 

demB 

6 74 ± 1 37 
1 83 ± 0 46 

2 99 ± 0 84 
0 71 ± 0 07 

3 59 ± 1 74 
0 80 ± 0 19 

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

Values are means ± S D for three experiments 
' n d not detected 

Concentration of demB was significantly mcieased compaied with contiol ex
periment The concentrations of identified metabolites are shown in Table 1 The 
íesults show a significant increase of N-demethylated product formation compared 
to control expenments On the other hand, yields of N-oxB are significantly dimin
ished in the presence of HRP This reaction is known to take place spontaneously 
benfluron in solutions slowly oxidizes to form this compound Also, anothei metabo
lite, 9-OHB, was formed However, its yields were relatively low The results show 
that this product could also be foimed in the absence of HRP in 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 
piemcubation This is in agreement with the results shown in Table 1 spontaneous 
foimation of demB m the presence of hydrogen peroxide could be an explanation 
Neveitheless, there was a significant mciease in demB concentiation during thirty 
minutes of incubation with HRP Theieafter, demB concentration remained con
stant throughout the end of two-hour incubation 

The metabolism of benfluron has recently been extensively studied FMOs 
are known to be involved in benfluron biotransformation yielding an N-oxide, and 
that hydroxylation and N-demethylation are catalyzed by P450 (Kvasničková et al 
1984) The results of a biodistnbution study (Francová et al 1985) indicated that 
benfluion could also be a substrate foi extra-hepatic biotransformation catalyzed 
by different systems Among them, the peroxidases occurring e g m the uimary 
bladder, in 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 (Stiborová 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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