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Abstract-Covalent binding of ‘H-labeled VP 16-213 to rat liver and HeLa cell 
microsomal proteins was studied in vitro. Metabolic activation by cytochrome P- 
450 was found to play a role in the covalent binding of VP 16-213 to rat liver 
microsomal proteins, as shown by the need of NADPH cofactor, the increased 
binding after phenobarbital pretreatment and the inhibition by SFK-525A. 
Addition of ascorbic acid or cY-phenyl-N-tert. butylnitrone to the incubation 
mixture depressed covalent binding by about 85%, suggesting that formation of a 
reactive metabolite from the phenolic structure may be involved in the binding 
process. VP 16-213 did not inhibit aminopyrine N-demethylaseat the concentration 
used in the binding experiments (17 PM), indicating that metabolism of its 
methylenedioxy group does not play a role in binding to microsomal proteins. 
HeLa cell microsones werefound lo possess aminopyrine N-demethylase activity. 
Covalent binding of radiolabeled VP 16-213 to HeLa cell microsomes decreased by 
about 64% if NADPH was omitted. 

INTRODUCTION 

VP 16-213 [4’-demethylepipodophyllotoxin-9- 
(4,6-0-ethylidene+D- glucopyranoside), NSC 
1415401 (Fig. 1) is an important anti-neoplastic 
agent used against a variety of tumors [l]. Few 
studies have investigated its mechanism of action. 
Loike and Horwitz [2] studied its effect on HeLa 
cell DYA and concluded that VP 16-213 caused 
DNA single-strand breaks. Exposure of isolated 
purified DNA to VP 16-2 13 did not lead to breaks, 
which suggests that activation of one or several 
endonucleases or transformation into a reactive 
metabolite is responsible for the effect on HeLa 
cell DNA, rather than direct chemical cleavage. 
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More recently, Wozniak and Ross [3] have 
suggested that activation of the drug is required 
for its effect on DNA. 

The approach required to determine whether a 
given reaction is mediated by a chemically 
reactive metabolite includes the covalent binding 
of radioactive metabolites to proteins and other 
tissue components after the addition of radio- 
labeled drugs [4,5]. We applied this principle to 
study the role of oxidative metabolic activation in 
covalent binding of VP 16-213 to rat liver and 
HeLa cell microsomal proteins. 

MATERIALS AND METHODS 
Covalent binding to rut livermicrosomal proteins 

Chemicals. VP 16-213 labeled with tritium at 
position C-l (sp. act. 58.92 mCi/mmol) and 
unlabeled VP 16-213 were gifts from the Bristol 
Myers Company (Syracuse, NY, U.S.A.). The 
purity of the radioactive compound was at least 
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99.5% as analysed by reversed-phase HPLC using 
a Waters PBondapak Cis column and meth- 
anol-water mixtures in the range of 40-60% 
methanol as eluents. a-Phenyl-N-tert. butyl- 
nitrone (PBN) was purchased from Tramedico 
B.V., Weesp, The Netherlandsand cY-(4-pyridyl-l- 
oxide)-N-tert. butylnitrone (POBN) from Janssen 
Chimica, Beerse, Belgium. Glucose-6-phosphate, 
glucoseB-phosphate-dehydrogenase, NADP and 
NADPH were obtained from Boehringer GmbH, 
Mannheim, F.R.G. Sodium phenobarbital was 
purchased from Serva Feinbiochemica GmbH, 
Heidelberg, F.R.G. and ascorbic acid from Gibco 
Europe B.V., Breda, The Netherlands. SKF-525A 
(2-diethylaminoethyl-2,2_diphenylvalerate hydro- 
chloride) was obtained from Smith, Kline and 
French Laboratories (Philadelphia, PA, U.S.A.). 
All other chemicals used were reagent grade and 
were purchased from Merck Nederland B.V., 
Amsterdam or J.T. Baker Chemicals B.V., 
Deventer, The Netherlands. 

Liver microsomes. Wistar rats (180-200 g) were 
killed by decapitation. Livers were removed and 
homogenized at 4’C with a Potter-Elvehjem 
homogenizer in 1.15% KC1 containing 0.01 M 
phosphate buffer (pH7.4) (4 ml/g liver). The 
homogenate was centrifuged for 20 min at 
10,000 g in an MSE Hi-spin 21 centrifuge and the 
supernatant was decanted and recentrifuged for 
1 hr at 100,000 g in an MSE superspeed 65 
ultracentrifuge. 

Microsomes from Wistar rats pretreated with 
phenobarbital (1 g/l in drinking water for 10 
days) were prepared in the same way [6]. The 
microsomal pellets were stored at -70°C and used 
within 1 month of preparation. 

Incubation mixtures. Microsomal pellets were 
resuspended in 0.1 M phosphate buffer (pH 7.4) 
before incubation. Incubation vessels contained 
in a final volume of 4 ml: liver microsomal 
protein, 4 mg; potassium phosphate (pH 7.4), 
400 pmol; NADP, 4 I.rmol; glucose-6-phosphate, 
40 pmol; magnesium chloride, 30 pmol; and the 
substrate [SH]VP 16-213,68 nmol, being added in 
400 /.d phosphate buffer. 

The reaction was initiated by the addition of 
10 1.11 glucose&phosphatedehydmgenase (0.7 IU/pl). 
Control vessels contained 0.1 M phosphate buffer 
(pH 7.4) instead of the NADPH-generating 
system. Reactions were carried out for 1 hr at 37OC 
in a GFL shaking incubator and stopped by 
adding 4 ml saturated CaC12*2H,0 and 4 ml 
methanol. 

In inhibition experiments the cytochrome P- 
450 inhibitor SKF-525A and the radical scavenger 
and reductant ascorbic acid were added to the 
incubation mixture in 0.1 M phosphate buffer 
(pH 7.4) at a final concentration of 1 mM, and the 

spin traps PBN [7] and POBN [8] at final 
concentrations of 30 and 20 mM, respectively. The 
inhibitor solutions were prepared immediately 
before use. 

Protein concentration was determined by the 
Bio-Rad protein assay [9], using bovine serum 
albumin as the protein standard. 

Determination of covalent binding. After the 
addition of saturated CaClz-2HzO and methanol 
the reaction mixture wascentrifuged for 20 min at 
room temperature at 2500g in a MSE Minor 
centrifuge. The supernatant was removed and the 
protein precipitate washed repeatedly with 4 ml 
methanol-water (4:1, v/v) and 4 ml ethanol-ether 
(1:1, v/v), until nofurtherradioactivity was found 
in the extracts (usually 4-5 times with meth- 
anol-water and l-2 times with ethanol-ether). 
Washing was carried out by stirring for 20 min at 
4ooc. 

The extracted protein pellets were incubated for 
1 hr at 50°C with 1 ml soluene-350 and after 
addition of 15 ml Instagel and 100 ~1 glacial acetic 
acid the radioactivity was counted in a Beckman 
LS 8000 liquid scintillation counter. Radio- 
activity was corrected for background and for 
quenching (external standardization). 

Aminopyrine N-demethylase activity. Amino- 
pyrine N-demethylase activity of rat liver 
microsomes was determined by McLean and 
Driver’s modification of Nash’s method [ 10,111. 
The effect of VP 16-213 on the kinetics of N- 
demethylation of aminopyrine was determined at 
the concentration used in the binding experi- 
ments: 17 PM. 

Covalent binding to HeLa cell microsomal 
proteins 

HeLa CCL2 cells were acquired from Flow 
Laboratories Ltd (Irvine, Ayrshire, U.K.) and 
cultured in monolayers in sterile plastic flasks 
(Costar, Cambridge, U.K., 650 ml) to confluency. 
The culture medium was a ‘Glasgow modifica- 
tion’ of Eagle’s medium (Flow Laboratories Ltd) 
containing in a volume of 50 ml: fetal calf serum, 
10%; glutamine, 2 mM; non-essential amino acids 
concentrate (Flow Laboratories Ltd), 1%; strep- 
tomycin, 500 pg/ml; and penicillin, 500 IU/ml. 
Upon removal of the culture medium the HeLa 
cells were washed twice with 10 ml 50 mM 
potassium phosphate buffer (pH 7.4) containing 
155 mM sodium chloride. The cells were har- 
vested by the addition of 1.8 ml of 50 mM 
potassium phosphate buffer (pH 7.4) containing 
EDTA, 0.3 mM; glycerol, 25%; and BSA, 0.04%, 
and incubated for 2 min. The cell suspension was 
homogenized consecutively with a polytron 
mixer. (Kinematica, GmbH) and a Potter-Elve- 
hjem homogenizer. The homogenate was centri- 
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fuged for 5 min at 600 g and the supernatant was 
recentrifuged for 15 min at 8500 g, each in an MSE 
Hi-Spin 21 centrifuge. In order to obtain the 
microsomal pellet the 8500g supernatant was 
recentrifuged for 60 min at 100,000 g in an MSE 
Prepspin 75 ultracentrifuge. 

Covalent binding of VP 16-213 to HeLa cell 
microsomal proteins was determined as indicated 
above for binding to rat liver microsomal proteins 
with the following modifications: the final 
incubation volume was 1.3 ml and the buffer used 
was 0.05 M potassium phosphate (pH 7.4). 

Aminopyrine N-demethylase activity of HeLa 
cell microsomes was determined as described 
above for rat liver microsomes. 

Difference spectrophotometry 
Binding of VP 16-213 and the spin traps PBN 

and POBN to ferric cytochrome P-450 wasassayed 
by difference spectrophotometry, using pheno- 
barbital-induced liver microsomal suspensions 
containing 1.5 mg/ml protein and 1 mM EDTA 
in 0.05 M potassium phosphate buffer, pH 7.4. 
The spin traps were added in buffer, VP 16-213 in 
DMSO. The difference spectra were recorded at 
25°C on an Aminco DW 2aTM u.v./vis. double- 
beam spectrophotometer. The cytochrome P-450 
content of the microsomes was determined by the 
method described by Estabrook et al. [12]. 

Electron spin resonance (ESR) spectroscopy 
ESR spectra were recorded at room temperature 

on a Varian E-3 spectrometer equipped with an E- 
4531 multipurpose cavity, an aqueous flat cell and 
a standard quartz tube. The modulation fre- 
quency of the spectrometer was 100 kHz. 

The incubation mixture contained rat liver 
microsomal protein (0.5-3.0 mg/ml), NADPH 
1 mM, MgC&*GHzO 7.5 mM and VP 16-213 1 mM 
(added in DMSO). Additional incubations were 
carried out in the presence of the spin traps POBN 
(20 mM) and PBN (30 mM). For direct ESR 
measurements using an aqueous flat cell, 1 ml 
microsomal reaction mixture was incubated at 
37OC for 30 sec. For indirect measurements 10 ml 
microsomal suspension were incubated at 37OC 
for 10 min and then extracted with 10 ml 
chloroform. The organic layer was evaporated to 
dryness under a stream of nitrogen. The residue, 
dissolved in 0.3 ml N,-gassed chloroform, was 
used for ESR investigation. 

RESULTS 
As will be pointed out in the discussion, 

oxidative bioactivation of VP 16-213 might 
involve the following two metabolic routes: 
radical and/or quinone formation from the 
phenolic E-ring and carbene formation from the 
methylenedioxy group. The results of the 
experiments on covalent binding of SH-labeled 
VP 16-213 to rat liver microsomal proteins are 
shown in Table 1. After incubation of [3H]VP 16- 
213 with rat liver microsomes for 1 hr, 6% of the 
incubated radioactivity was found to be coval- 
ently bound to the microsomal proteins. In the 
absence of NADPH covalent binding decreased to 
15% of the control value. Addition of PBN, 
ascorbic acid, SKF-525A or POBN to the 
incubation mixture caused a decrease in covalent 
binding to 16, 17, 46 and 85%, respectively. 
Binding to microsomes from phenobarbital- 
treated rats amounted to 131% of the control value. 

Table 1. Effects of incubation conditions on in vitro covalent 
binding of [sH]VP 16-213 to rat liver microsomes” 

% of radioactivity 
Efficiency of covalently bound to 

Addition binding (%)t control microsomes$ 

NADPH 6.1 f 0.3 100 f 5 
- 0.9 f 0.2 15f.q 
NADPH + SKF-525A 2.8 f 0.3 46 f 5 
NADPH f ascorbic acid 1.0 It 0.1 17f2 
NADPH + PBN 1.0 f 0.2 161t4 
NADPH + POBN 5.2 f 0.2 85 f4 
PB(J + NADPH 8.0 f 0.4 131 f 6 
PB 1 .o f 0.2 17 f 3 
PB + NADPH + SKF-525A 3.2 f 0.3 53 f 5 

#Mean f S.D. for at least four experiments. The amount of radioactivity 
added to the incubation mixtures was (52.3 f 0.5) X 10s dpm. 

t% of the radioactivity which was covalently bound. 
$The average amount of radioactivity covalently bound to control microsomes 

was (3.2 f 0.2) X 10s dpm. 
§P < 0.001 for all values when compared to control. 
IlMicrosomes from rats pretreated with phenobarbital. 
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Omittance of NADPH and addition of SKF-525A 
decreased covalent binding to phenobarbital- 
induced microsomes to respectively 17 and 53% of 
the control value. If [SH]VP 16-213 was incubated 
with aliquots of the 100,000 g supernatant of a rat 
liver homogenate, no covalent binding was 
observed. 

In order to study the mechanism of the above 
decreasing effect of the well-known radical 
scavengers PBN and POBN on covalent binding 
we studied their interaction with cytochrome P- 
450 using difference spectrophotometry. The 
interaction of the spin traps PBN and POBN with 
VP 16-213 for binding to cytochrome P-450 was 
also investigated. VP 16-213 produced a reverse 
type I difference spectrum (Fig. 2A). A consid- 
erable difference was found between the two spin 
traps PBN and POBN in affecting the spectrum of 
VP 16-213. POBN had almost no effect (spectrum 
not shown), whereas PBN markedly reduced the 
difference spectrum of VP 16-213 (Fig. 2B). The 
spectrum of VP 16-2 13 in the presence of PBN can 
be interpreted as the sum of a weak VP 16-213 
spectrum and a reverse type I PBN spectrum both 
from the sample cell, and a stronger PBN 

spectrum from the reference cell. PBN has been 
reported to be a type I substrate if concentrations 
up to 2 mM are used [ 131. In this study, however, a 
reverse type I spectral change was evoked if 
concentrations higher than 10 mM were used 
(Fig. 2C). The spin trap POBN had little effect on 
the difference spectrum of VP 16-213. In fact, the 
absorbance difference (AL?) of the spectrum of VP 
16-213 decreased in the same order of magnitude 

Fig. 1. Structure of VP 16-213. 

8) 

Fig. 2. Binding of VP 16-213 to qtochrome P-450 and the influence of PBN. Difference spectra (A) reference 
cek microsomal suspension (WC), sample cell: MZC -I- VP 16-213 (17 PM); (B) reference cell: MZC + PBN 
(30 mM), sam@le cell: MZC + PBN (30 mM) -I- VP 16-213 (17 wM): (C) reference cell: MZC, sample cell: MZC + 

PBN (3 mM) (-), MZC i- PBN (30 mM) (- - -). 
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as the covalent binding of the drug to microsomal 
proteins on addition of POBN: 20 and 15%, 
respectively. 

The possibility of carbene formation was 
investigated by studying theeffectof VP 16-213 on 
the kinetics of rat hepatic aminopyrine N- 
demethylation. From the plots shown in Fig. 3, 
the following V,,,,, and l/K,,, values were 
calculated: in the absence of VP 16-213: l/K, = 
2.80 f 0.33 and V,,,,, = 179 f 22; in the presence of 
VP 16-213: l/K, = 2.47 f 0.24 and V_ = 
176 f 20. These values show that addition of VP 
16-213 to the incubation mixture had no 
inhibitory effect on aminopyrine N-demethylase 
(0.10 <P<O.20 for l/K, when compared to 
control; each l/K,,, value is the mean and S.D. of 
four assays). 

Led by the suggestion of Loike and Horwitz 
that formation of a chemically reactive metabolite 
accounts for the induction of breaks in HeLa cell 
DNA [2], we looked for the presence of 
cytochrome P-450 in HeLa cells. The presence of 
cytochrome P-450 in HeLa cells was investigated 
by an attempt to determine aminopyrine N- 
demethylase activity in HeLa cell microsomes. 
The activity was found to be 390 f 20 pmol 
H,CO/min/mg microsomal protein (n = 4), 
which is about eight times lower than that in rat 
liver microsomes (3200 f 100 pmol H,CO/min/ 
mg microsomal protein, n = 4). Aminopyrine N- 
demethylase activity of HeLa cell microsomes 
decreased from 390 pmol H,CO/min/mg protein 
at 5 min to 260 pmol H,CO/min/mg protein at 
20 min. Covalent binding of SH-labeled VP 16-213 
was also studied using HeLa cell microsomes. 
Covalent binding of radiolabel to HeLa cell 
microsomal proteins was mainly dependent on 
NADPH (see Table 2). The binding to HeLa cell 
microsomes was found to be less extensive then 
that to rat liver microsomes. 

300 

_ r 
2i 
3 

P 
,s 200 - 
E 

. 

P 

Y 

d IOO- 
E 

c 
> 

0 100 2QO 300 400 

V/S (nmol HCHO/min/g liver/mM aminopyrine) 

Fig. 3. Eady-Hofstee plots of N-demethylation of amino- 
erine by rat liver microsomes in the absence (-) and 

’ presence (---) of 17 /.tM VP 16-213. 

DISCUSSION 
The molecular structure of VP 16-213 has two 

main components which might be involved in its 
oxidative biotransformation: (1) the phenolic 
ring and (2) the methylenedioxy group. 

(1) The sterically hindered phenolic structure 
(ring E) is related to that of the widely used 
antioxidant 3,5-ditert. butyl-4-hydroxytoluene 
(BHT), the metabolism of which has been the 
subject of a number of investigations. It has been 
proposed that one of the cytochrome P-450- 
mediated metabolic routes of BHT in the rat and 
man is free radical formation [14], possibly 
resulting in quinone formation [15]. In the case of 
VP 16-213, a similar route of biotransformation 
should be considered. 

(2) the methylenedioxy group (ring A) of several 
compounds, such as piperonylbutoxide, has been 
reported to be oxidized to a carbinol by 
cytochrome P-450 followed by dehydration to a 
carbene [ 161. This carbene forms a complex with 
the heme iron in cytochrome P-450, resulting in 
inhibition of cytochrome P-450. In this respect it 
is of interest that podophyllotoxin, the parent 
compound of VP 16-213, has been shown to be a 
moderate inhibitor of cytochrome P-450 [17]. 

In an earlier study [18] we observed that in 
incubations of 3H-labeled VP 16-213 with rat liver 
microsomes 5-10% of incubated radioactivity was 
recovered in the microsomal pellet. We now 
studied in detail the possible covalent binding of 
SH-labeled VP 16-213 to rat liver microsomal 
proteins and the relation of this process to the two 
previously mentioned possible metabolic routes 
of VP 16-213. After incubation of [3H]VP 16-213 
with rat liver microsomes for 1 hr, 6% of the 
incubated radioactivity was found to be coval- 
ently bound to the microsomal proteins. Fur- 
thermore, the effects of incubation conditions 
indicate that covalent binding is NADPH- 

Table 2. Cadent binding of [sH]-VP 16-213 to 
HeLa cell microsomes’ 

Addition 

NADPH 
- 

Efficiency of 
binding (%)t 

4.0 f 0.2 
1.4 f 0.1 

W of radioactivity 
covalently bound to 

control microsomes$ 

100 f 4 
36 f 38 

*Mean f S.D. for three experiments. The amount of radio- 
activity added to the incubation mixtures was (17.0 f 0.2) 
X lo5 dpm. 

t% of the radioactivity which was covalently bound. 
$The average amount of radioactivity covalently bound to 

control microsomes was (0.63 f 0.03) X lo5 dpm. 
§P < 0.001 compared to control. 
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dependent. The background binding of 15% in the 
absence of NADPH could be due to the fact that 
VP 16-213 is not completely removed in the 
washing procedure. Phenobarbital treatment 
increased hepatic covalent binding, whereas 
addition of SKF-525A, a well-known inhibitor of 
the microsomal cytochrome P-450-linked mono- 
oxygenase system, resulted in a statistically 
significant decrease of covalent binding to normal 
as well as phenobarbital induced microsomes. No 
binding wasobserved to the 100,000 g supernatant 
of a rat liver homogenate. These results indicate 
that cytochrome P-450-mediated oxidative meta- 
bolic activation plays a role in covalent binding of 
VP 16-213 to rat liver microsomal proteins. 

The first manner in which cytochrome P-450- 
mediated activation could play a role in covalent 
binding, viz. by oxidation of the ring structurally 
related to BHT, was studied because the latter 
compound is known to be activated by cyto- 
chrome P-450 to reactive intermediate(s) capable 
of being covalently bound to hepatic microsomal 
proteins [19]. Addition of ascorbic acid, a well- 
known free radical scavenger as well as reducing 
agent, decreased the covalent binding of VP 16- 
2 13 to the same low level as in the case of omission 
of NADPH. This suggests that, as in the case of 
BHT, radical [ 141 and/or quinone formation [ 151 
by mixed-function oxidase from the phenolic 
structure of VP 16-213 may be involved in the 
binding process. We investigated the possibility 
of radical formation by examining the effects of 
the spin traps PBN and POBN on covalent 
binding. The concentrations of the spin traps 
used (30 mM for PBN and 20 mM for POBN) were 
based on literature data of efficiency [13]. PBN 
appeared to be much more efficient in inhibiting 
covalent binding of VP 16-213 intermediates than 
POBN, and decreased binding to the same level as 
if NADPH was omitted. However, incubations of 
VP 16-213 with rat liver microsomes+ NADPH in 
the presence or absence of the spin traps PBN and 
POBN did not give rise to a detectable ESR signal, 
measured either directly or indirectly after 
extraction with chloroform. It should be noted 
that we [20] as well as others [21] have observed 
formation of the VP 16-213 phenoxy radical by 
horseradish peroxidase and myeloperoxidase in 
the presence of hydrogen peroxide. The phenoxy 
radical generated by these systems is detectable in 
the presence of 1 mg/ml microsomal protein, 
indicating that the failure to detect the phenoxy 
radical in microsomal incubations is not due to 
scavenging by microsomal proteins. However, the 
sensitivity of the method of detection may not be 
sufficiently high. 

Since PBN and POBN have been reported to 
inhibit cytochrome P-450 [13], we investigated 

their interaction with VP 16-213 for binding to the 
hemoprotein using difference spectrophotometry. 
PBN markedly reduced the difference spectrum of 
VP 16-213, while POBN had almost no effect. 
From the ESR and difference spectrophotometry 
experiments we conclude that (1) VP 16-213 is able 
to bind to cytochrome P-450; (2) no free radical is 
detected in incubations of VP 16-213 with rat liver 
microsomes i- NADPH; and (3) the difference in 
inhibition of covalent binding to microsomal 
proteins between the spin traps PBN and POBN is 
due to a difference in inhibition of cytochrome P- 
450 between these compounds. The effects of the 
spin traps give further support to the assumption 
that activation of VP 16-213 by cytochrome P-450 
to a binding intermediate occurs. 

The second way in which cytochrome P-450- 
mediated activation could play a role in covalent 
binding, the oxidation of the methylenedioxy 
group, was investigated by studying the effect of 
VP 16-213 on the activity of rat hepatic 
aminopyrine N-demethylase. When oxidation of 
the methylenedioxy group occurs, resulting in 
inhibition of cytochrome P-450 (see above), the 
activity of aminopyrine N-demethylase should be 
reduced. However, at the concentration used in 
the binding experiments (17 PM), VP 16-213 had 
no effect on the aminopyrine N-demethylase 
activity. This suggests that metabolism of the 
methylenedioxy group does not play a role in 
metabolic activation of VP 16-213 to inter- 
mediates binding to microsomal proteins. 

It is of interest that evidence for the presence of 
cytochrome P-450 in HeLa cells was obtained by 
the observation that aminopyrine underwent N- 
demethylation when incubated with HeLa cell 
microsomes. The activity decreased in time, 
indicating marked instability of cytochrome P- 
450 in the HeLa cell, which is possibly due to 
proteolytic activity in HeLa cells. 

Because of the finding of mixed-function 
oxidase activity in HeLa cells, covalent binding 
was also studied using HeLa cell microsomes. 
Covalent binding of radiolabel to HeLa cell 
microsomal proteins was mainly dependent on 
NADPH. The observation that covalent binding 
to HeLa cell microsomes was less extensive then 
that to rat liver microsomes might be explained by 
the fact that HeLa cells have a low metabolic 
capacity. These findings indicate that covalent 
binding of VP 16-213 to HeLa cell microsomes 
results from conversion to a chemically reactive 
species and that cytochrome P-450 is involved in 
this process. 

In conclusion the present work demonstrates 
that transformation of VP 16-213 by the 
phenobarbital-inducible cytochrome P-450 iso- 
enzyme may play a role in the covalent binding of 
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VP 16-213 to rat hepatic and HeLa cell process. Further studies to investigate the 
microsomal proteins. Indirect evidence was mechanism of the oxidative activation of VP 16- 
obtained for the involvement of the phenolic 21‘3, e.g. the possibility of quinone formation, are 
function of the VP 16-213 structure in the binding ongoing. 
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