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Abstract-Female rats were dosed orally with one-fifth the LDjo of either 1-nitrosopiperidine (a carcino- 
gen), cyclohexylamine, piperidine, 4-carboxy-1-nitrosopiperidine, 4-cyclohexyl-1-nitrosopiperidine or 
2,6-d~ethyl-l-nitrosopiperidine at 21 and 4 hr before they were kifled. The five noncarcinogenic 
compounds had no effects on any ex~rimental variables examined [hepatic DNA damage, ornithine 
decarboxylase (ODC) activity, sernm alanine aminotransferase (SGPT) activity, cytochrome P-450 and 
glutathione content]. After administration of 40mg/kg of l-nitrosopiperidine, marked hepatic DNA 
damage and a 3- to ‘I-fold increase in the activity of hepatic ODC were observed, 1-Nitrosopiperidine 
(120 mg/kg, 3/5 LD5,,) caused DNA damage in rat liver and esophagus but not in leukocytes. This higher 
dose of I-nitrosopiperidine also increased hepatic omithine decarboxylase activity by g-fold. Thus, this 
hepatic biochemical assay system correctly identified the one carcinogen and the five noncarcinogens in 
this series of six nitrogen-containing heterocycles. 

Single cell-based systems for predicting carcino- 
genicity were enthusiastically advanced in the 197Os, 
but are now recognized to have several problems and 
limitations [l] . Use of whole animals to determine a 
compound’s potential to cause cancer (or not to 
cause cancer) offers several advantages over cell- 
based systems. For example, some pharmacokinetic 
(absorption, distribution and excretion) and phar- 
macodynamic (metabolism, endocrine effects and 
organ-organ interactions) factors are absent from 
single cell-based systems. In developing carci- 
nogenesis assay systems for risk assessment, it is 
important to (a) correctly identify noncar~nogens as 
well as carcinogens [l], and (b) distinguish between 
carcinogenic initiators and tumor-promotors. Linear 
models of risk assessment may be appropriate for 
initiators, while threshold models of risk assessment 
have been proposed for promoters [2,3]. 

The alkaline elution technique to determine DNA 
damage is useful not onfy in uifro but also in viva as 
a marker for carcinogenic initiation. In a validation 
study of ninety-one compounds, this technique cor- 
rectly identified 92% of the carcinogens tested and 
85% of the noncarcinogens [4]. After chemically 
induced necrosis, non-specific DNA damage may 
occur by activation of lysosomal endonucleases [4]. 
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(1 Abbreviations: SGPT, serum alanine aminotrans- 
ferase; ODC, ornithine decarboxylase; and HEPES, N- 
2-hydroxyethylpiperaine-N’-2-ethanesulfonic acid; SDS, 
sodium dodecyl sulfate. 

Promoters of carcinogenesis have fewer biochemical 
or morphological markers than does carcinogenic 
initiation. Most promoters induce omithine 
decarboxylase in uiuo [5-lo]. Induction of this 
marker enzyme has been considered necessary 
though not sufficient to cause promotion. 

Promoters of hepatocarcinogenesis are usually 
hepatic cytochrome P-450 inducers. Further, deple- 
tion of hepatic glutathione in the rat is known to 
increase susceptibility to covalent binding of reactive 
intermediates to cellular macromolecules, cellular 
necrosis [ 11 J and carcinogenesis 1121. Therefore, 
SGPT/, hepatic cytochrome P-450 and reduced 
glutathione levels were also measured in this study. 

This biochemical assay system has differentiated 
between carcinogens and noncarcinogens, primarily 
of the halogenated hydrocarbon class [13-151. The 
overall purpose of this study was to confirm and 
extend this observation to a second chemical class. 
Liver and esophagus are target tissues for car- 
cinogenesis by 1-nitrosopiperidine, whereas blood is 
not [16,17]. Five noncarcinogenic nitrogen-con- 
taining heterocycles [cyclohexylamine, piperidine, 4- 
carboxylnitrosopiperidine, 4-cyclohexyl-l-nitrosopi- 
peridine and 2,6-dimethyl-l-nitrosopiperidine (Fig. 
l)] were selected for study. Their biochemical effects 
were determined in liver, esophagus and blood and 
compared to those of l-nitrosopiperidine. 

METHODS 

~Carboxy-l-nitrosopi~~~ne, Ccyclohexyl-l- 
nitrosopipe~dine and 2,4-dimethyl-l-ni~osopiper- 
idine were from the NCI-Frederick Cancer Research 
Facility. Piperidine (Aldrich Chemical Co., Mil- 
waukee, WI; 98%), I-nitrosopiperidine (Sigma 
Chemical Co., St Louis, MO) and cyclohexylamine 
(Aldrich Chemical Co.; 97%) were diluted with 
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Fig. 1. Structures of the six nitrogen-containing het- 

erocycles. 

0.9% saline solution. The solutions containing pip- 
eridine and cyclohexylamine were adjusted to pH 
7.0 before use. 

Ninety-day-old female Sprague-Dawley rats (CD 
strain) were obtained from Charles River Lab- 
oratories (Wilmington, MA) and housed three per 
cage. Rats were dosed orally with one-fifth the pub- 
lished LD5~ (NIOSH, Registry of Toxic Effects of 
Chemical Substances) of these compounds in two 
doses 21 and 4 hr before they were killed. These 
times were chosen because changes in ODC activity, 
glutathione content and DNA damage occur within 
4 hr of chemical treatment [4,6,18], while changes 
in hepatic cytochrome P-450 and SGPT activity are 
observed within 21 hr after chemical exposure 
[19,20]. The doses used were 142 mg/kg of cyclohex- 
ylamine, 80 mg/kg of piperidine, 56 mg/kg of 4- 
carboxy-l-nitrosopiperidine, 49mg/kg of 2,6- 
dimethyl-1-nitrosopipe~dine, 66 mg/kg of 4- 
cyclohexyl-l-nitrosopiperidine (the doses of the last 
three compounds are equimolar to 40 mg/kg of l- 
nitrosopiperidine) and either 40 or 120 mg/kg of l- 
nitrosopiperidine (3/S LD&. Control rats received 
saline or water alone. 

Leukocytes were separated from erythrocytes by 
layering 4ml of a 50% solution of rat blood in 
physiolo~cal saline on top of 3ml of LSM Lym- 
phocyte Separation Medium (Litton Bionetics Inc., 
Kensington, MD) and centrifuging for 15 min at 
500 g at room temperature. 

To prepare subcellular fractions, liver tissue (1.5 g) 
was homogenized in 6 ml of ice-cold, pH 7.5, buffer 
containing NaCl(136 mM), KCI, (5.4 mM), HEPES 

(20 mM) , dithioerythritol (5 mM) , EDTA (4 mM) 
and pyridoxal-5’-phosphate (0.08 mM). Liver 
samples were homogenized with six strokes of a size 
C Potter-Elvehjem homogenizer (clearance 0.15 to 
0.23 mm) operated at 300 rpm. After a lO-min set- 
tling period at 4”, 7.5 ~1 of the whole liver homogenate 
was used for alkaline elution. 

Esophagus tissue, prepared with a Potter- 
Elvehjem homogenizer or by pushing esophagus tis- 
sue through a stainless steel screen [21], displayed 
high degrees of DNA damage induced by these 
mechanical procedures. Therefore, a new in situ 
method of tissue digestion and lysis (on the filter) 
was developed to minimize these artifacts. About 
one-seventh of a rat esophagus was cut into as small 
pieces as possible with hand scissors and directly 
placed into 5 ml of physiological buffered saline 
above the alkaline elution filter holder. Then, two 
5-ml solutions of physiological buffered saline were 
pumped through the filter (flow rate of 0.25 ml/min). 
To begin tissue digestion and lysis, a S-ml solution 
containing 2% sodium dodecyl sulfate (SDS) and 
0.5 mg/ml of proteinase K at pH 9.7 was then pum- 
ped through the filter (flow rate of 0.1 ml/min). 
Next, 10 ml of 0.02 M EDTA containing 0.06% Sar- 
kosyl at pH 10 was pumped through the filter (flow 
rate of 0.125 ml/min). A final 5 ml of 2% SDS con- 
taining proteinase K (pH 9.7) was pumped partly 
through the filter to complete this special procedure 
for in situ esophagus lysis. 

An alkaline elution procedure which minimizes 
protein adsorption to the filter was employed 1221. 
Three modifications to the Stout and Becker [23] 
procedure were utilized. Sarkosyl (0.06%) was 
added to the first EDTA wash. To increase the 
buffering capacity and better stabilize the pH, 5 mM 
phosphate buffer (pi&, = 12.32 for phosphoric acid) 
was added to the pH 12.10 eluting solution. In methyl 
meth~esulfonate treated cells, a 48hr delay in the 
SDS-lysis step of alkaline elution increases the sen- 
sitivity of detecting DNA damage lo-fold f24]. In 
our research laboratory, the 48-hr delay step has 
greatly increased the sensitivity of detecting rat liver 
DNA damage caused by either 1,2-dibromoethane 
[14] or dimethylnitrosamine. The increased sen- 
sitivity of the DNA damage assay using the 48-hr 
delay has been interpreted as being due to either 
changes in DNA unfolding [24] or as the detection 
of additional DNA alkaline-labile sites and single 
strand breaks [25]. The more sensitive 48-hr delay 
in the SDS-lysis step procedure was used for alkaline 
elution studies. Alkaline elution data are expressed 
as the fraction of DNA eluted from the filter during 
the 14-hr period (i.e. 1.00 = 100% DNA eluted). 

Assays for ODC activity [26], glutathione content 
[27,28], cytochrome P-450 content [29] and SGPT 
activity [20] were performed by standard methods. 
For these four assays the high speed supernatant, 
whole homogenate, microsomes and serum were 
utilized. The post~tochond~al supernatant 
(20,~ g, 20 min) was spun at 193,000g for 40 min 
to produce the microsomal fraction and the high 
speed supernatant. Since the subcellular fraction- 
ation method used in this study gives a low yield of 
microsomal protein per gram liver, the cytochrome 
P-450 contents per gram liver reported here are lower 
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than many other published values. 
Statistical analysis of the data was done with analy- 

sis of variance. Statistically significant differences 
found by a Tukey’s test were then further evaluated 
with a Student’s t-test. 

RESULTS 

Prior to sacrifice no animals died and no obvious 
clinical signs of toxicity were visually noted. 1-Nitro- 
sopiperidine at 40 mg/kg caused a 7-fold increase in 
hepatic ODC activity and substantial DNA damage 
in liver but not in leukocytes (Table 1). Rat hepatic 
cytochrome P-450 levels, hepatic glutathione and 
SGPT values were not altered by l-nitrosopi- 
peridine. Cyclohexylamine (142 mg/kg) and pip- 
eridine @Omg/kg) did not alter any of the six 
bi~hemic~ parameters (Table I). 

A closer noncarcinogenic analogue of l-nitro- 
sopiperidine (4-carboxy-l-nitrosopiperidine) was 
tested subsequently, but did not cause statistically 
significant effects in any of the seven variables (Table 
2). A higher dose of 1-nitrosopiperidine (120 mg/kg) 
was concurrently used in an attempt to demonstrate 
DNA damage in leukocytes as well as liver. In rats 
given the carcinogen 1-nitrosopipe~dine, DNA was 
damaged significantly in liver (240% increase in the 
fraction of DNA eluted from the filter) and esopha- 
gus (58% increase) but not in leukocytes (Table 2). 
Hepatic ODC activity was increased g-fold. 

Two additional noncarcinogenic [17] analogues of 
l-ni~osopipe~dine (the 4-cyclohexyl- and 26 
~methyl-de~vatives) were given to rats. Neither 
compound caused any alterations in the liver or 
esophagus (Table 3). In contrast, at equimolar doses 
the carcinogen 1-nitrosopiperidine caused hepatic 
DNA damage and increased hepatic ODC activity. 

DISCU~ION 

At doses of one-fifth the LDso, none of the five 
noncarcinogens showed any biochemical effects 
whatsoever. Administration of I-nitrosopiperidine 
caused high, intermediate and no detectable DNA 
damage in liver, esophagus and leukocytes (which 
are ~equently proposed as a biological monitor of 
chemical exposure) respectively. Compared to liver, 
only limited DNA damage occurred in esophagus (a 
tissue in which tumors arise) at a dose of 120 mg/kg. 
The limited amount of DNA damage observed in 
esophagus may be due to a lesser blood flow or 
metabolic activation than is present in liver. In rat 
and human hepatocytes, l-nitrosopi~~dine (1.0 to 
3.2 mM) caused dose-related responses in both DNA 
damage (as measured by alkaline elution) and 
unscheduled DNA synthesis [30]. 1-Nitrosopiper- 
idine also caused hepatic ODC induction and thus is 
putatively classified by this biochemical assay system 
as both an initiator and a promoter. I-Nitroso- 
piperidine is an initiator and at minimum a complete 
carcinogen in uioo [16]. None of the six compounds 
examined here has been studied extensively for 
tumor promoting activity in uiuo. At the doses used 
in this study hepatic cytotoxicity, as monitored by 
SGPT activities, was not observed. 

No published reports of alkaline elution data from 
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esophagus were found (e.g. Ref. 31). Conventional 
published methods for determination of DNA 
damage by alkaline elution could not be used for 
esophagus tissue. In this study we report an in situ 
digestion and lysis method which prepares rat 
esophagus tissue for subsequent alkaline elution pro- 
cedures. This new experimental procedure may be 
useful in other tissues where conventional tissue 
preparation methods for alkaline elution do not work 
adequately. 
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