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Metabolism of the Z and E Isomers of W-Nitroso-TV-methyHZ-oxopropyOamine
by Rat Hepatocytes1
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ABSTRACT

The metabolism of Y-nilroso-A'-nictliyl- \-(2-ovcipn>pyl)aminc was ex

amined using freshly isolated hepatocytes from Fischer 344 rats. As
determined by high performance liquid chromatography, it was found
that the E isomer was preferentially metabolized when the parent mixture
was used. When the two isomers were studied separately, the E isomer
was efficiently metabolized in the hepatocytic system, whereas the Z
isomer was not. The kinetics of disappearance of the Z isomer during
metabolism was identical to that for the reequilibration of the Z isomer
to the mixture of isomers in the absence of a metabolizing system.

INTRODUCTION

Because of the partial double bond nature of the Nâ€”Nbond,
most unsymmetrical nitrosamines exist in two conformations,
the Z and E isomers. This variation in the position of the
nitroso function in relation to the rest of the molecule has a
profound effect on its chemistry. The retro-Claisen-type frag
mentation of 0-ketonitrosamines brings to light this reactivity
difference (1). In aqueous alkali at 25Â°C,the Z rotational isomer
of NMOP3 undergoes cleavage to form the acetate aniÃ³n and
dimethylnitrosamine via the syn yV-a-methylene-./V-nitroso-
methylamine aniÃ³n. The E isomer does not react under these
conditions. The fragmentation of the Z isomer to give the syn
aniÃ³n of dimethylnitrosamine indicates significant stereoelec-
tronic control by the Nâ€”NO function. The incipient syn-carb-
anion is perpendicular to the Nâ€”NOplane and able to delocal-
ize through the 4-atom 6-ir-electron system, whereas the anti-
carbanion would not be as stable (Ref. 2 and references therein).

During analysis of NMOP by high performance liquid chro
matography, it became apparent that with low concentrations
of acetonitrile in water as eluent, the two isomers could be
separated by Cig reverse phase column chromatography. This
Chromatographie property was utilized in the study of metabo
lism of the two isomers of NMOP by uninduced hepatocytes
from Fischer 344 rats.

MATERIALS AND METHODS

Chemicals. NMOP and Ar-nitroso-Ar-methyl-A'-(2-hydroxypropyl)

amine were prepared as described previously (3,4). Analysis of synthetic
NMOP by nuclear magnetic resonance confirmed the presence of two
isomers, Z (60%) and E (40%). Nuclear magnetic resonance (D2O): Z
(60%) &2.23 (s, 3H), 3.85 (s, 3H), 4.65 (s, 2H). E (40%) O2.35 (s, 3H),
3.14 (s, 3H), 5.31 (s, 2H). Barium hydroxide was a product of Fisher
Scientific Co. (Fair Lawn, NJ). Trypan blue and Hanks' balanced salt
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solution without calcium or magnesium were obtained from Flow
Laboratories (McLean, VA). Acetonitrile was obtained from Burdick
and Jackson Laboratories, Inc. (Muskegon, MI). Glucose 6-phosphate,
glucose-6-phosphate dehydrogenase (type XV), NADP, Tris, zinc sul
fate, ethyleneglycol bis(j3-aminoethyl ether)-Ar,Ar,Ar',Ar'-tetraacetic acid,

bovine pancreatic insulin, bovine serum albumin type V, collagenase
type I, and all other compounds not listed above were obtained from
Sigma Chemical Co. (St. Louis, MO).

Hepatocyte Metabolism. Hepatocytes were prepared according to the
method of Farrelly et al. (5). Yields from 0.6-1.8 x 10" cells/liver with
viabilities of 75-90% using trypan blue exclusion as a measure of cell
viability were obtained. Two ml of hepatocytes (4 x IO6 viable cells/

ml) containing various amounts of the nitrosamine to be studied were
incubated in Mg2+- and Ca2+-free Hanks' balanced salt solution, which

was made up to 10 Â¿Â¿units/mlinsulin, 25 mM NaHCOs, 5 mg/ml bovine
serum albumin, 1 mg/ml glucose, 1 mM MgSO4, and 2 mM CaCl2, pH
7.4, in 25-ml Erlenmeyer flasks at 37'C in a shaking water bath under

a stream of 5% CO2 in air (2-2.5 ml/min). At intervals, an aliquot of
the reaction was placed into one-half volume of ice-cold /nS< >4solution
to which was added an equal quantity of saturated Ba(OH)2 solution.
The latter two solutions were standardized according to the method of
Somogyi (6) using phenolphthalein as indicator so that 1 ml of the
/nS( )j solution would exactly neutralize 1 ml of the Ba(OH)2 solution.
The samples were pelleted by centrifugation, and the supernatant was
filtered through a 0.45-^M Millipore filter, a portion was examined by
HPLC on a 250- x 4.6-mm Partisil ODS-2 column (Regis Chemical
Co., Morton Grove, IL). Elution was with 5% acetonitrile/H2O at 1.5
ml/min. Control reactions containing the nitrosamine in media but
with no hepatocytes were carried out concurrently.

Isolation of Z and Â£Isomers of NMOP. NMOP was separated into
its isomers by HPLC chromatography on a tandem column system
consisting of two 250- x 4.6-mm Partisil ODS-2 columns, one from
Whatman and the other from Regis. Elution was carried out using 5%
acetonitrile/HjO at 1.5 ml/min on a Waters Associates HPLC appa
ratus equipped with a Waters Model 440 absorbance detector operated
at 254 nm. The Z and E isomers were collected on ice. The Z isomer
was collected from 12.5 to 13 min while the E isomer was collected
from 13 min 45 s to 14.5 min. The separated isomers were extracted
into mÃ©thylÃ¨nechloride, dried over anhydrous sodium sulfate, and
evaporated on ice using a stream of N2. They were stored at -70Â°C

until used. At this temperature they were stable for at least 1 month.
Analysis of sufficient isolated Z isomer was carried out by nuclear
magnetic resonance and confirmed the assignment. Nuclear magnetic
resonance (D2O): Z &2.27 (s, 3H), 3.85 (s, 3H).

Reequilibration of the /:' and Z Isomer of NMOP. A solution contain

ing 0.5 mM concentrations of the E or Z isomer of NMOP was placed
in a 37Â°Cwater bath in a sealed vial. At 15-min intervals, an aliquot

was chromatographed by HPLC on a 250- x 4.6-mm Partisil ODS-2
column (Regis). Elution was with 5% acetonitrile/H2O at 1.5 ml/min
and the reequilibration was estimated from the peak height.

RESULTS

A typical HPLC pattern for a zero time reaction of 0.2 mM
NMOP in the presence of hepatocytes is shown in (Fig. 1, left).
The compound Ã©lÃ»tesas two peaks. One isomer accounted for
56% of the absorbing material (elution at 6.33 min) and was
assigned as the Z isomer. The second, eluting at 6.75 min,
accounted for 44% and was assigned as the E isomer. After 4
h, an aliquot was chromatographed and the elution pattern
indicated that the E isomer had been preferentially metabolized
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Fig. 1. HPLC chromatograms for the metabolism of NMOP. The Z isomer
Ã©lÃ»tesat 6.33 min, while the E isomer Ã©lÃ»tesat 6.75 min. . I. chromatogram at
the start of the experiment; K. elution pattern after 4 h. See "Materials and
Methods" for details.

Table 1 Ratio of Z to E isomer of NMOP during metabolism

Time
(h)01

2
3
4Z/E

2
reaction"coi1.3

1.7
2.1
2.3
2.5-/E

itrol.3

.3

.4.4

.4
* Ratio of the peak height of the Z isomer to the Â£isomer at the time indicated

in a reaction containing hepatocytes.
* Ratio of the peak height of the Z isomer to the E isomer at the time indicated

in a reaction minus hepatocytes.

by hepatocytes (Fig. \B). At this time, the E isomer accounted
for only 29% of the NMOP remaining. Control reactions run
in the absence of hepatocytes showed that the Z/E ratio changed
from 1.3 to 2.5 over 4 h (Table 1).

Sufficient quantities of the individual Z and E isomers were
isolated (see "Materials and Methods") to examine the metab

olism of each by hepatocytes. Fig. 2A shows the pattern of the
Z isomer of NMOP at the start of the experiment. The concen
tration of the isomer in the reaction was 0.125 HIMwith only a
small amount of the /. isomer. After 130 min, the pattern (Fig.
2B) showed that no E isomer had reformed during the reaction
and that a substantial quantity of the Z isomer remained. The
metabolism of the E isomer was also studied. The starting
concentration of the E isomer was 0.09 IHMand the pattern of
its elution can be seen in Fig. 3/1. Only a small quantity of the
Z isomer is present. After 130 min reaction, the pattern (Fig.
35) shows that a substantial quantity of the Z isomer has
appeared and the /:' isomer has been nearly completely metab

olized. Control reactions carried out in the absence of hepato
cytes indicated that only the E isomer of NMOP is metabolized
in this system.

To better illustrate the different metabolism behavior of the
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Fig. 2. HPLC chromatogram for the metabolism of the Z isomer of NMOP
in the presence of hepatocytes. I, chromatogram at the start of the experiment;
B, elution pattern after 130 min.
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Fig. 3. HPLC chromatogram for the metabolism of the E isomer of NMOP
in the presence of hepatocytes. A, chromatogram at the start of the experiment;
I!, i-Intimi pattern after 130 min.

two isomers, we examined the reequilibration of the Z and /:'

isomers in the presence of hepatocytes and compared the ree
quilibration in the absence of hepatocytes (Fig. 4). In this figure,
the reequilibration of the separated isomers is depicted by the
open circles and the metabolism by the filled circles. All exper
iments were normalized to 100% at the start of each experi
ment. It can be seen from the figure that the disappearance of
the Z (Fig. 4, left) isomer follows the same kinetics whether the
disappearance is caused by reequilibration or through metabolic
degradation. The disappearance of the E isomer, on the other
hand, is substantially greater during metabolism than during
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Fig. 4. Kinetics of the reequilibration in the absence of hepatocytes (O) and
metabolism in the presence of hepatocytes (â€¢)of the Z isomer (left) and the E
isomer (right) of NMOP. The peak heights of the isomers were normalized to
100 at the start of the experiment. The plot depicts the peak height of the
appropriate isomer at the time indicated.

reequilibration. It is clear that the E isomer is metabolized by
hepatocytes while the Z is not.

DISCUSSION

During the metabolism by hepatocytes of NMOP in which
both rotational isomers were present, it was clear that the E
isomer was being preferentially metabolized. The Z/E ratio
increased from 1.27 to 2.49 over 4 h (Table 1) with a steady
increase after each successive hour. It was, therefore, worth
while to separate the isomers by HPLC and examine the me
tabolism of each of them individually. When the Z isomer was
studied, the kinetics of metabolism was identical to the kinetics
of reequilibration in the absence of a metabolizing system. The
metabolism of the E isomer, on the other hand, was almost 6
times that which could be accounted for by simple reequilibra
tion (see Fig. 4).

During the metabolism of the mixture or of the E isomer,
little Ar-nitroso-Ar-methyl-./V-(2-hydroxypropyl)amine (the alco

hol reduction product) was produced. This compound eluted at

5.25 min and accounted for only a very small proportion of the
metabolism (less than 5%). It is likely that most of the metabolic
products would not absorb at 254 nm. A substantial quantity
of the metabolic product is probably CXh. If the NMOP is a-
hydroxylated at the methyl side, the products which would arise
would be formaldehyde, methanol, and acetate analogous to
the metabolism of Ar-propyl-A^-(2-oxopropyl)amine, as outlined
by Leung and Archer (7). Metabolism at the a position on the
2-oxopropyl side would give rise to pyruvaldehyde and metha
nol. All of the above metabolites would be expected to convert
to CO2 and material which would elute early with a low absorb-
ance at 254 nm. In all experiments, the peak arising at 3.18
min was due to incubation of the reaction mixture and is not a
product of NMOP metabolism.

Irrespective of the nature of the products arising from the
metabolism of NMOP, it is clear that only the E isomer is
metabolized by hepatocytes from Fischer 344 rats. This appears
to be the first clear demonstration of rotamer preference in
nitrosamine metabolism. It is likely that isomer ratios influence
the metabolic profiles of other unasymmetrical nitrosamines.
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