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ABSTRACT

The hepatocarcinogen 2-nitropropane causes oxidative damage to liver
DNA and RNA after administration to rats; increases in 8-hydroxydeox-
yguanosine and formation of an unknown moiety (DM ) in DNA, plus
increases in 8-hydroxyguanosine and the appearance of two unidentified
peaks (KM and R\2) in RNA were observed by high-performance liquid
chromatography of nucleosides from 2-nitropropane-treated rats using
electrochemical detection (E. S. Fiala et al.. Cancer Res., 49:5518-5522,
1989). In the present study, damage to Sprague-Dawley rat liver RNA
and DNA was assessed to determine whether the characteristic pattern
of oxidative nucleic acid damage caused by 2-nitropropane also occurred
after i.p. administration of primary nitroalkanes, other secondary nitroal-
kanes, 2-methyl-2-nitropropane (a tertiary nitroalkane), and cyclopentan-
one oxime. All of the secondary nitroalkanes and cyclopentanone oxime
significantly increased levels of 8-hydroxyguanine in both DNA and RNA
and caused the appearance of DX1, RX1, and RX2. The primary nitroal
kanes and the tertiary nitroalkane 2-methyl-2-nitropropane did not cause
a similar pattern of nucleic acid damage. The rates of reprotonation of
nitronates of the secondary nitroalkanes to the respective un-ionized
neutral forms at pH 7.7 were more than 20-fold less than the rates of
reprotonation of primary nitroalkane nitronates, suggesting that the
anionic nitronates, rather than neutral compounds, are more immediately
responsible for the DNA and RNA damage observed in vivo. Since 8-
hydroxyguanine is a miscoding lesion in DNA, these results suggest the
possibility, still to be rigorously tested, that hepatocarcinogenicity may
be associated not only with 2-nitropropane but also with other secondary
nitroalkanes as well as with those ketoximes that are capable of being
converted to secondary nitroalkanes in vivo.

INTRODUCTION

As discussed in detail in a review by Nielsen (1), nitroalkanes
are perceptibly acidic compounds; the dissociation of a proton
from a nitroalkane produces the nitroalkane aniÃ³n,or nitronate,
with chemical and physical properties quite different from those
of the parent nitroalkane. We previously found that the nitron-
ate form of 2-NP,3 a potent hepatocarcinogen in Sprague-

Dawley rats (2, 3), is a much more powerful mutagen in
Salmonella strains TA 100 and TA 102 than the neutral parent
compound (4), an observation recently confirmed by others (5).
Furthermore, administration of 2-NP to rats significantly in
creased the levels of 8-OH-Gua in hydrolysates of liver DNA
and RNA and induced the appearance of electrochemically
active unknown species we designate as DX1 in DNA and RX1
and RX2 in RNA (6). 8-OH-Gua, a product of hydroxyl radical
or singlet oxygen attack on guanine (7-10), has been reported
to cause misreading of DNA templates not only at the site of
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8-OH-Gua but also at adjacent sites, suggesting that it may be
involved in mutation and carcinogenesis (11). These findings,
together with the results of others (12-14) which indicated that
one-electron oxidation of 2-NP nitronate to the 2-NP radical
occurs with an accompanying uptake of oxygen and production
of Superoxide and H2O: in in vitro models, prompted us to
propose a mechanism of genotoxicity of 2-NP based on pro
duction of free radicals or DNA-damaging reactive oxygen
species in vivo (4, 6).

We also recently reported that acetoxime, a hepatocarcinogen
in male rats (15), produces increased levels of 8-OH-Gua in
liver DNA and RNA, as well as a characteristic pattern of
nucleoside alterations, detectable by HPLC/EC, qualitatively
identical to that produced by 2-NP (16, 17). The effects of
acetoxime on liver nucleic acids are compatible with a sugges
tion made previously (15) that the compound is partially con
verted to 2-NP [or more accurately, metabolized by Â¿V-oxidation
to the ad form, which rapidly dissociates to the nitronate form
of 2-NP (1, 16) in vivo]. Taken altogether, our earlier results
raise the question of whether secondary nitroalkanes other than
2-NP and ketoximes other than acetoxime would produce a
similar pattern of oxidative damage in the nucleic acids of rat
liver. In this communication, we report that five other secondary
nitroalkanes and cyclopentanone oxime indeed produce in
creased levels of 8-OH-Gua in rat liver DNA and RNA and a
specific pattern of nucleic acid alterations, detectable by HPLC/
EC, identical to that previously observed following the admin
istration of 2-NP or acetoxime. The very slow rate of reproton
ation of the nitronate forms of secondary nitroalkanes to re
spective neutral compounds at pH 7.7 correlates with the ability
to cause oxidative damage; nitronates of primary nitroalkanes
and nitrocarbinols, which do not cause oxidative damage ///
vivo, are much more rapidly reprotonated at pH 7.7. These data
suggest that the nitronate forms of 2-NP and other secondary
nitroalkanes are biologically active, probably by further conver
sion to free radicals with accompanying production of reactive
oxygen species.

MATERIALS AND METHODS

Chemicals and Standards. 2-Bromoheptane, 3-bromopentane, 2-io-
dobutane, 2-methyl-2-nitropropane (b.p. 124-126Â°C), 1-nitrobutane
(b.p. 152-153Â°C), nitrocyclopentane (b.p. 180Â°C).2-nitrooctane (b.p.
74-76Â°C/10 mm Hg), 1-nitropentane (b.p. 75-76Â°C), and 2-NP (b.p.
120Â°C)were purchased from Aldrich Chemical (Milwaukee, WI); 1-NP
(b.p. 131-132Â°C)was obtained from Eastman Kodak (Rochester, NY).

3-Nitropentane was prepared by reaction of 3-bromopentane with so
dium nitrite in dimethylformamide ( 18). The crude product was distilled
under reduced pressure (40 mm Hg) and collected at 70-72Â°C; 2-
nitrobutane (b.p. 135-137Â°C)and 2-nitroheptane (b.p. 65-67Â°C/45 mm

Hg) were prepared by similar methods using 2-iodobutane and 2-
bromoheptane, respectively, as reactants. All compounds were redis
tilled and stored at 4"C; the purity of each compound was verified by

gas chromatography and was found in all instances to be 99-100%,
except for 3-nitropentane, which was 97.4% pure.
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For use as Chromatographie standards, 8-OH-Guo and 8-OH-dGuo
were prepared by the method of Kasai and Nishimura (19); the com
pounds were purified by HPLC as previously described (6). Sources of
other chemicals used have been reported (6).

Animals. Male Sprague-Dawley rats (240-305 g) were purchased
from Charles River Laboratories, Inc. (Kingston, NY). The rats were
maintained on NIH-07 diet and tap water ad libitum. The animals were
treated i.p. with 1.12, 1.68, 2.24, or 3.36 mmol/kg of the chemicals
investigated, depending on the toxicity and magnitude of responses
observed. The chemicals were dissolved in Emulphor- 620:HiO (1:4, v/
v), 0.28-0.84 mmol/ml. Control rats received Emulphor 620:H2O (1:4,
v/v), 4 ml/kg. The rats were sacrificed by decapitation 6 h after
treatment; the livers and kidneys were immediately excised, rinsed in
0.15 M NaCI-0.015 M sodium citrate, pH 7.0, quick frozen in liquid
nitrogen, and stored at -70Â°C(6. 16).

Isolation and Hydrolysis of Liver DNA and RNA. Previously de
scribed methods (6) for the isolation of DNA and RNA were utilized.
For the isolation of DNA, a modification of the Marmur method (20)
was used; the RNA isolation procedure was a slight modification of
that described by Chomczynski and Sacchi (21). DNA or RNA in
portions of approximately 100 \i%were hydrolyzed to the nucleoside
level for analysis by HPLC/EC, using successive incubations with
nuclease I' and alkaline phosphatase (6, 8, 16).

HPLC/Electrochemical Analysis. Analyses of DNA or RNA hydrol-
ysates were performed using a 0.46- x 25-cm Ultrasphere ODS column
protected by a 0.46- x 4.6-cm Ultrasphere ODS guard column (Beck-
man Instruments, Inc., Berkeley, CA). The eluant was 5% aqueous
methanol containing 12.5 mM citric acid, 25 mM sodium acetate, 30
niM NaOH, and 10 mM acetic acid, pH 5.10, at a flow rate of 1 ml/
min. The effluent was routed through a Waters Model 990+ photodiode
array detector for the quantitation of 2'-deoxyguanosine and guanosine
and a thermostatted (35Â°C)amperometric detector (model LC-4B/CC-

4; Bioanalytical Systems, West Lafayette, IN) with settings at 0.5-5.0
nA (+600 mV) for quantitation of the electrochemically active species
(6, 7). HPLC/EC analyses were conducted within 6 h after hydrolysis
of nucleic acids. Standard curves were constructed for 8-OH-dGuo and
8-OH-Guo by integration of the respective amperometric responses;
standard curves were prepared for 2'-deoxyguanosine and guanosine

using the integrated UV responses at 253 nm. The location of the 8-
OH-dGuo and 8-OH-Guo peaks in HPLC/EC profiles was confirmed
by coinjection of purified standards.

Kinetics of Reprotonation of Nitronates. For studies on the kinetics
of reprotonation of nitronates to respective neutral nitroalkanes, ni-
tronates were prepared by incubating 1 mmol of the respective nitroal
kanes with an equimolar amount (1 ml) of l N KOH with rapid stirring
in darkness for 90 min. These solutions were then diluted to a final
concentration of 0.1 mM nitronate by dilution with 0.1 M potassium
phosphate buffer, pH 7.7. The solutions were scanned immediately
after preparation in the wavelength range of 200-280 nm and thereafter
at 5- or 90-min intervals (25Â°C)using a Beckman DU-7 spectrophotom-

eter (Beckman Instruments, Inc., Fullerton, CA). The log (A/A0) (where
An = initial absorbance and A = absorbance at various times after
dilution of the nitronates with pH 7.7 buffer) was plotted versus time
to determine the rate of reprotonation of nitronates. The pH of 7.7 was
selected on the basis of the pKaN'"Â°of 2-NP, which is reported as 7.68

(1). Aqueous nitronate solutions have strong absorbance maxima in the
range of 223-235 nm (22) which disappear upon reprotonation to the
respective neutral nitroalkanes.

RESULTS

Of the compounds evaluated, in addition to 2-NP (6, 16, 17),
2-nitrobutane, 3-nitropentane, nitrocyclopentane, 2-nitrohep-
tane, 2-nitrooctane, and cyclopentanone oxime caused highly
significant increases (P < 0.01 by Student's t test assuming

pooled variance) in 8-OH-dGuo in HPLC/EC profiles of nu
cleoside hydrolysates of rat liver DNA when compared with
corresponding hydrolysates prepared from Emulphor-treated

Table 1 Changes detected by HPLC Â¡ECin liver DNA of Sprague-Dawley rats 6
h after i.p. administration of nitroalkanes or related compounds

Compound1-Nitropropane1-Nitrobutane1-Nitropentane2-Nitro-l

-propanol.VNitro-2-butanol2-Methyl-2-nitropropane2-Nitropropane2-Nitrobutane3-Nitropentane2-Nitroheplane2-NitrooctaneNitrocyclopentaneCyclopentanone

oximeEmulphor-H2ODose

8-OH-dGuo/dGuo DXl/dGuo
N" (mmol/kg) (x]05)*(area/area)'3333331035333381.122.242.243.362.243.36.51

Â±0.39.12Â±0.14.30

+0.16.70
Â±0.29.35
Â±0.78.53

Â±0.161.12
2.86Â±0.37'2.24

2.94Â±0.11/1.12
2.87 Â±0.3(/2.24

2.71Â±O.I6/2.24
:.96Â±0.19'1.12

2.83Â±0.47/3.36
2.58Â±0.18'.21

Â±0.45NDrfNDNDNDNDND0.20

+0.10012
Â±0.010.08

Â±0.030.04
Â±0.020.06
Â±0.01017
+0.120.07
Â±0.02ND

Â°Number of animals (separate determinations) used.
* Mean Â±SD.
' Area of EC peak (0.5 nA full scalej/area of UV peak (0.6 AU full scale at

253 nm); mean Â±SD.
**ND, noi detectable.
' P< 0.05 compared with results from Emulphor-treated animals.
f P < 0.01 compared with results from Emulphor-treated animals.

control rats (Table 1). The peak for 8-OH-dGuo appeared at
28-32 ml in the HPLC/EC profiles (Fig. 1); variations in the
retention times occurred for 8-OH-dGuo when different col
umns were utilized and with variations in ambient laboratory
temperature. Results are expressed as mol 8-OH-dGuo/IO5 mol
2'-deoxyguanosine. Induction of DX1, appearing at approxi

mately 16 ml, was observed in chromatograms of deoxynucleo-
sides from livers of rats treated with the secondary nitroalkanes
and cyclopentanone oxime (Table 1). The primary nitroalkanes,
the nitrocarbinols, and 2-methyl-2-nitropropane did not cause
significant increases in 8-OH-dGuo, and DX1 was not observed.

The 8-OH-Guo expressed as mol/105 mol guanosine in

HPLC/EC profiles of the hydrolysates of total RNA from livers
of rats treated with all of the secondary nitroalkanes tested was
significantly increased (P < 0.05) compared with corresponding
values for liver RNA hydrolysates from Emulphor-treated rats
(Table 2). Cyclopentanone oxime also caused a significant
increase (P < 0.05) in 8-OH-Guo content of liver RNA. Fur
thermore, all of the secondary nitroalkanes and cyclopentanone
oxime induced the formation of the unknowns RX1, which

dC

0.1 nA
or

0.14 AU

NITROCYCLOPENTANE

dT 8-OH-dG
dG

CYCLOPENTANONE
OXIME

8-OH-dG

0.1 nÂ«
or

0.14 AU

20 30 40 0

I-NITROPENTANE 2-METHYL-2NP

10 20 30 40 10

ELUTION VOLUME, ml

Fig. 1. Representative HPLC/EC profiles of liver DNA deoxy-nucleosides
from male Sprague-Dawley rats treated i.p. 6 h prior to sacrifice with nitrocyclo
pentane. 1.12 mmol/kg; cyclopentanone oxime, 3.36 mmol/kg; 1-nitropentane,
2.24 mmol/kg; and 2-methyl-2-nitropropane, 2.24 mmol/kg. Top, electrochemical
detector response; bottom, UV absorption at 253 nm. dC, 2'-deoxycytidine; dT,

thymidine; dG, deoxyguanosine; DXI, unidentified presumed deoxynucleoside.
2'-Deoxyadenosine (not shown) Ã©lÃ»tesat 52 ml. For clarity, the electrochemical
detector response prior to ~8 ml elution volume is not shown.
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Table 2 Changes detected by HPLC/EC in liver RNA of Sprague-Dawley rats 6 h after Â¡.p.administration of nitroalkanes or related compounds

Compound1-Nitropropane1-Nitrobutane1-Nitropentane2-Nitro-

1-propanol3-Nitro-2-butanol2-Methyl-2-nitropropane2-Nitropropane2-Nitrobutane3-Nitropentane2-Nitroheptane2-NitrooctaneNitrocyclopentaneCyclopentanone

oximeEmulphor-H2ONÂ°i33333103533336Dose(mmol/kg)1.122.242.243.362.243.361.122.241.122.242.241.123.368-OH-Guo/Guo(xl

O5)*1.63

+0.431.14
Â±0.021.23

+0.380.97
Â±0.231.13

Â±0.491.25
Â±0.0610.84Â±
1.59'2.54

Â±0.14?5.32
Â±0.66^1.70

Â±0.04'2.26
Â±0.36^6.53
Â±l.l/2.66
Â±l.O^1.08
Â±0.23RXl/Guo

(area/area)c0.03

+0.01NDÂ¿ND0.01

Â±0.01NDND1.02

+0.100.13
+0.010.40
Â±0.030.06
Â±0.020.10
+0.010.42
+0.120.03
Â±0.01NDRX2/GUO

(area/area)20.29

Â±0.02NDND0.03

Â±0.04NDND13.24

Â±1.291.99
+0.256.45
+0.241.10
+0.241.62
Â±0.148.58
Â±0.060.53
+0.11ND

Â°Number of animals (separate determinations) used.
* Mean Â±SD.
f Area of EC peak (0.5 nA full scalei/area of UV peak (0.6 AU full scale at 253 nm): mean + SD.
d ND. not detectable.
' P < 0.01 compared with results from Emulphor-treated animals.
*f < 0.05 compared with results from Emulphor-treated animals.

eluted at approximately 12 ml, and RX2, which occurred at
19-20 ml under the experimental conditions used. The effects
of 2-nitro-l-propanol treatment on the formation of RX1 and

RX2 were equivocal, as the responses observed were very nearly
at the analytical limit of EC detection.

Typical traces of UV absorbance and amperometric response
from HPLC/EC chromatograms of deoxynucleosides of DNA
and nucleosides of RNA from livers of male rats treated with
nitrocyclopentane (2.24 mmol/kg), cyclopentanone oxime (3.36
mmol/kg), 1-nitropentane (2.24 mmol/kg), and 2-methyl-2-

nitropropane (3.36 mmol/kg) are presented in Figs. 1 and 2,
respectively. The appearance of peaks DX1 in DNA and RX1
and RX2 in RNA was qualitatively similar to that observed
after 2-NP administration (6, 16, 17) in the instance of nitro
cyclopentane and cyclopentanone oxime, but amounts of 8-
OH-Guo nearly identical to those observed in liver RNA of
Emulphor-treated control rats, with no detectable RX1 or RX2,
were observed after administration of 1-nitropentane and 2-
methyl-2-nitropropane. HPLC/EC traces of nucleic acid hy-

drolysates for other secondary nitroalkanes resembled those
obtained after treatment of rats with nitrocyclopentane and
possessed definite RX1 and RX2 peaks, while HPLC/EC traces
for the primary nitroalkanes and the a-nitrocarbinols resembled
those of 1-nitropentane; no RX1 or RX2 was detectable.

The kinetics of reprotonation of secondary nitroalkanes and
primary nitroalkanes was confirmed to be first order (23),
because linear curves were obtained after plotting \og(A/A0) at
the absorbance maximum for each nitronate species versus time
(Fig. 3). The rates of reprotonation of the secondary nitroalkane
nitronates at pH 7.7 (half-lives ranging from 15 to 151 h) were
much slower than the reprotonation rates of the primary ni
troalkane nitronates (half-lives ranging from 0.26 to 0.36 h)
and the nitrocarbinols (half-lives from 0.54 to 1.23 h) studied
(fable 3).

DISCUSSION

The induction of 8-OH-dGuo and DX1 in liver DNA and 8-
OH-Guo, RX1, and RX2 in liver RNA after administration of
2-NP has been reported to occur in both Sprague-Dawley and
F344 rats (6, 17). The effect shows a typical dose-response for
8-OH-dGuo, with a maximum occurring 6-18 h after i.p.

O.I nA
or

0.14 AU

CR
UR

RX1

NITROCYCLOPENTANE

RX2

GR CYCLOPENTANONE

8-OH-GR
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0.1 n A

0.14 AU

Â¥

io

GR

UR
8-OH-GR

.,.URRX1OXIMERX2L8-OH-GR
20 30 40 O

1-NITROPENTANE
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10

GR

UR

20 30 40

2-METHYL-2NP

8-OH-GR
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ELUTION VOLUME, ml
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Fig. 2. Representative HPLC/EC profiles of liver RNA nucleosides from male
Sprague-Dawley rats treated i.p. 6 h prior to sacrifice with nitrocyclopentane,
1.12 mmol/kg; cyclopentanone oxime, 3.36 mmol/kg; 1-nitropentane, 2.24
mmol/kg; 2-methyl-2-nitropropane, 2.24 mmol/kg. Top, electrochemical detector
response; bottom. UV absorption at 253 nm. CR, cytidine; UR. uridine; RXI,
RX2, unidentified presumed modified nucleosides; 2-methyt-2NP, 2-methyl-2-
nitropropane. Adenosine (not shown) Ã©lÃ»tesat ~41 ml. The response of the
electrochemical detector prior to ~8 ml elution volume is not shown.

administration of approximately 1.68 mmol/kg to male rats;4
the amount of 8-OH-dGuo formed in DNA declines when larger
doses of 2-NP are administered, presumably because of increas
ing hepatotoxicity. Similar dose-response curves have been
shown to occur for 8-OH-Guo, RXI, and RX2 in RNA.4 The
formation of 8-OH-Gua from guanine has been attributed to
the action of reactive oxygen species such as hydroxyl radicals
or singlet oxygen (7-10), although other mechanisms have also
been proposed (24).

The identity of the peaks in HPLC/EC traces of chromato
grams, labeled DX1 in hydrolysates of DNA, and RXI and
RX2 in hydrolysates of RNA is currently unknown. Preliminary
results indicate that RX2 is stable at acid pH but rapidly
degrades at alkaline pH; further experiments for the character
ization of RX2 are in progress in our laboratory.

Acetoxime has been proposed to be converted by JV-oxidation
to the aci form of 2-NP and hence to the nitronate in vivo (15,

4E. S. Fiala, C. C. Conaway, W. W. Asaad, and G. Nie. unpublished

observations.
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16). Similar reactions for metabolic conversion of cyclopentan-
one oxime to the aci form of nitrocyclopentane with subsequent
dissociation to the nitronate would explain the results in the
present work. Other ketoximes, including 2-butanone oxime,
cyclohexanone oxime, 3-pentanone oxime, and 4-heptanone
oxime, have also been shown to cause varying amounts of
oxidative damage to DNA and RNA, with the appearance of
HPLC/EC traces of hydrolysates of nucleic acids qualitatively
similar to those observed with acetoxime and 2-NP (25).

The effect of 2-NP may be substantially organ specific; 2-NP
treatment did not significantly increase the amounts of oxida-

tively damaged nucleic acids, with the exception of small
amounts of RX2 in RNA isolated from the kidneys of F344
rats ( 17). Preliminary results (not shown) indicate that oxidative
damage to rat kidney DNA after administration of the other
secondary nitroalkanes studied in this report is not detectable
using the methods described. At the present time, however,
organs other than liver and kidney have not been examined for
oxidative nucleic acid damage due to treatment with 2-NP or
other secondary nitroalkanes or ketoximes. Female rats, which
show a substantially reduced response to 2-NP in terms of
carcinogenicity (3) and oxidative damage (17), also were not
investigated in the present study.

As noted previously (6), the appearance of small amounts of
RX1 and RX2 in RNA of rats treated with 1-NP cannot be
readily attributed to 2-NP present in the 1-NP as an impurity,
since capillary gas Chromatographie analysis of the 1-NP used
in our experiments did not reveal detectable amounts of 2-NP
or other secondary nitroalkanes.

The slow rate of reprotonation of the carbon bearing the
nitro group of nitronates of secondary nitroalkanes has been
explained (a) on the basis of stabilization of the nitronate by
hyperconjugation, which is greater in secondary than in primary
nitroalkanes; (b) by a positive inductive effect caused by two
alkyl moieties; and (c) possibly by poor solvation about the
nitronate carbon (1). The data presented here demonstrate a
strong correlation between the persistence of the nitronate form
as measured in vitro and the occurrence of oxidative damage.
The mechanism of free radical production by one-electron

-0.00

Table 3 Kinetics of reprotonation of nitronates of nitro compounds at pH 7,7
(25'C)

-0.50-

100 200 300

Minutes

400 500

Fig. 3. Kinetics of nitronate protonation at pH 7.7 (25Â°C).The normalized log
absorbance at respective UV absorption maxima for freshly prepared 0.1-IHM
solutions of nitronates placed in O.I M potassium phosphate buffer. pH 7.7, was
plotted versus time. â€¢.2-nitropropane. 223 nm; â€¢2-nitrobutane. 226 nm: A. 3-
nitropentane. 230 nm: *. nitrocyclopentane. 226 nm; O, 2-nitroheptane. 225.5
nm; O. 1-nitropropane, 232 nm; D, 1-nitrobutane, 232 nm; A. 1-nitropentane.
23l.5nm.

Compound2-Nitropropane2-Nitrobutane3-NitropentaneNitrocyclopentane2-Nitroheptane1-Nitropropane1-Nitrobutane1-Nitropentane2-Nitro-

1-propanol3-Nitro-2-butanol3-Nitro-

1-pentanolAbsorbance

maximum
(nm)223.0226.0230.0226.0225.5232.0232.0231.5230.5229.5233.0Half-life(h)25.817.415.0151.030.40.260.330.360.541.230.75

oxidation of the nitronate form of 2-NP previously presented
(4, 6) may thus be a more generalized pathway common to
several of the stable secondary aliphatic and alicyclic nitronates
as well as to those ketoximes for which conversion to aci forms
of corresponding secondary nitroalkanes is metabolically
feasible.

On the basis of the oxidative damage to DNA and RNA
observed after i.p. administration, it is possible that the second
ary nitroalkanes and cyclopentanone oxime, observed to cause
damage to DNA and RNA in this study, may also be hepato-
carcinogenic. The secondary nitroalkanes 2-NP (26-28), 2-
nitrobutane, 3-nitropentane, and nitrocyclopentane, but not
primary nitroalkanes, have been shown to be mutagenic in the
Ames/Salmonella microsome assay using strains TA 100 and
TA102,5 providing further evidence for their genotoxicity. In

accordance with suggestions by LÃ¶froth which were based on
very little evidence (29), the nitronates of the secondary nitroal
kanes tested were considerably more mutagenic than the re
spective neutral forms, both with and without microsomal
activation (4, 5).5 Bioassays to test the hypothesis regarding the

carcinogenicity of secondary nitroalkanes are presently under
way in this laboratory.
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