
causal relationship between ribonu- 
clease susceptibility and antiviral activ- 
ity. Both effects could be independent 
and result from important, and as yet 
undetermined, changes in three-dimen- 
sional structure. Colby and Chamber- 
lin (4) followed the rate of ribonuclease 
degradation by measuring the increase 
of optical density at 260 nm of various 
ribonucleotide polymers and did not 
find any correlation between their effi- 
ciency of viral inhibition and sensi- 
tivity to pancreatic ribonuclease for the 
polynucleotides tested. However, the 
rate of breakdown of the polymers by 
intracellular nucleases may differ from 
their sensitivity to pancreatic ribonu- 
clease. Nevertheless, it is tempting to 
causally relate the parallel increase of 
antiviral activity and resistance to ribo- 
nuclease degradation in poly r(AS-US). 

As the substitution of a sulfur atom 
for an oxygen atom in the phosphate 
groups of poly r(A-U) results in a sig- 
nificant potentiation of the capacity to 
induce interferon production, it is 
likely that other, more active polynu- 
cleotides will also demonstrate greater 
activity upon sulfur substitution. 

Note added in proof: Because of the 
excellent susceptibility of the rabbit to 
interferon inducers, poly r(A-U) and 
poly r(AS-US) were compared for their 
interferon inducing capacity in rabbits. 
Five to 15 and 600 to 1000 unit/ml of 
circulating interferon were detected 
2 to 4 hours after intravenous injection 
of 20 jtg of poly r(A-U), (preparation 2) 
and poly r(AS-US) (preparation 2), 
respectively. Thus, substitution of thio- 

phosphate for phosphate in poly r(A-U) 
resulted in a more than 40-fold increase 
of interferon production in the rabbit. 
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Consumption of cyclamate has now 
reached such a level that 13 million 

pounds were produced in 1967 and a 

production of 20 milliorn pounds is 

projected for 1970 (1). At the time of 
its introduction, it was believed to be 
almost totally excreted and to have no 
metabolic products. Several investi- 
gators have since found that cyclamate 
is metabolized to cyclohexylamine 
(CHA) in dogs and man (2). The in- 
crease in the consumption of the cycla- 
mates and the realization that meta- 
bolic products exist necessitates a re- 
examination of the entire subject of 

cyclamate safety. 
The most difficult areas in which to 

determine a cause-and-effect relation- 

ship in the human population are in 
the assessment of carcinogenicity, mu- 

tagenicity, or teratogenicity after ex- 

posure of the subject to a specific com- 

pound. Because of the long latent pe- 
riod between exposure and expression 
of effects as well as the high back- 

ground rate of damage, it is difficult 
to detect effects of a given agent in the 

population even after years of ex- 

posure. Induction of chromosome dam- 

age is the method we used to evaluate 
potential carcinogenic, mutagenic, or 

teratogenic effects of this cyclamate 
metabolite. 

Holtzman strain albino male rats 
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(170 to 200 g) received daily intraperi- 
toneal injections for 5 days of 50, 40, 
20, 10, or 1 mg/kg of CHA (3) (ad- 

justed to pH 7.3 with HC1); controls 
received distilled water. For each dose 
at least 20 (usually 30) animals were 
used. The total amount of CHA given 
to the rats was 250, 200, 100, 50, or 
5 mg/kg. The rats were killed 24 hours 
after the last injection of CHA. Cyto- 
genetic studies were performed on 
both somatic and germinal cells. 

Colc-mid (4) (4 mg/kg) was admin- 
istered intraperitoneally 5 to 5.5 hours 
before the tissue was taken. The bone 
marrow cells were collected from the 
femur by aspiration into Hanks' bal- 
anced salt solution (HBSS). The cells 
were then centrifuged at 1000 rev/min 
for 10 minutes, washed once again 
with HBSS, and exposed to hypotonic 
KC1 solution (0.055M) for 30 minutes; 
they were then centrifuged and fixed 
in a mixture of methanol and acetic 
acid (3:1) for at least 30 minutes and 

usually for 24 hours. The fixative was 

changed once during this time; an air- 

dry preparation was then made on the 
slides. The slide preparations were 
stained by Giemsa (10 percent) with 

NH4OH (5 ml of 0.15N NH4OH per 
100 ml of stain) for 5 minutes, rinsed 
in acetone, cleared with xylene, and 
mounted. 

1139 

(170 to 200 g) received daily intraperi- 
toneal injections for 5 days of 50, 40, 
20, 10, or 1 mg/kg of CHA (3) (ad- 

justed to pH 7.3 with HC1); controls 
received distilled water. For each dose 
at least 20 (usually 30) animals were 
used. The total amount of CHA given 
to the rats was 250, 200, 100, 50, or 
5 mg/kg. The rats were killed 24 hours 
after the last injection of CHA. Cyto- 
genetic studies were performed on 
both somatic and germinal cells. 

Colc-mid (4) (4 mg/kg) was admin- 
istered intraperitoneally 5 to 5.5 hours 
before the tissue was taken. The bone 
marrow cells were collected from the 
femur by aspiration into Hanks' bal- 
anced salt solution (HBSS). The cells 
were then centrifuged at 1000 rev/min 
for 10 minutes, washed once again 
with HBSS, and exposed to hypotonic 
KC1 solution (0.055M) for 30 minutes; 
they were then centrifuged and fixed 
in a mixture of methanol and acetic 
acid (3:1) for at least 30 minutes and 

usually for 24 hours. The fixative was 

changed once during this time; an air- 

dry preparation was then made on the 
slides. The slide preparations were 
stained by Giemsa (10 percent) with 

NH4OH (5 ml of 0.15N NH4OH per 
100 ml of stain) for 5 minutes, rinsed 
in acetone, cleared with xylene, and 
mounted. 

1139 

Cytogenetic Studies in Rats of Cyclohexylamine, 

a Metabolite of Cyclamate 

Abstract. Cyclohexylamine, the major known metabolite of cyclamate, was 
tested in vivo for possible cytogenetic effects. In rats injected with this metabolite, 
there was a direct relation between dose concentration and percentage of sperma- 

togonial and bone marrow cells showing chromosomal breaks. Single chromatid 
breaks predominated with infrequent exchange figures. 
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Fig. 1. The percentage of cells with breaks 
in relation to the concentration of cyclo- 
hexylamine. Hatched line, spermatogonial 
cells; solid line, bone marrow cells. 

After orchidectomy, the spermato- 
gonial cells were prepared by removing 
the tunica albuginea and releasing the 
seminiferous tubules in a petri dish. 
Hypotonic solution (0.25 percent tryp- 
sin in 0.055M KC1) was added to the 
free tubules, and the tubules were 
teased apart with forceps. After the 
tissue was exposed to the hypotonic 
solution for 40 minutes, it was fixed 
by adding an equal volume of a mix- 
ture of ethanol and acetic acid (3:1). 

The seminiferous tubules were soft- 
ened with acetic acid (45 percent) on 
the slide, the cover slip was added, and 
the tubules were squashed. The sper- 
matogonial cells were immediately an- 
alyzed with the phase-contrast micro- 
scope. 

The slides of bone marrow and 
spermatogonial tissue from each ani- 
mal were read, and the percentage of 
breaks (percentage of cells with one or 
more breaks) was recorded. For each 
dose, at least 625 metaphase spreads 
from the bone marrow and 500 meta- 
phase spreads from the spermatogonial 
cells were analyzed. 

The mean percent breakage for the 
spermatogonial cells was 4.4, 7.6, 11.2, 
16.2, and 19.2, whereas the mean per- 
cent breakage for the bone marrow 
cells was 4.0, 5.12, 8.0, 12.16, and 
16.28 for 5, 50, 100, 200, and 250 
mg/kg of cyclohexylamine, respective- 
ly (Fig. 1). The control values for the 

spermatogonial and bone marrow cells 
were 1.8 and 2.72 percent, respectively. 
A dose-response relationship between 
the concentration of cyclohexylamine 
and the percentage of breaks is evi- 
dent. Analysis of means on the trans- 
formed data with the t-test indicates 
that the number of spermatogonial 
cells with one or more breaks was sig- 
nificant at the 95 percent confidence 
limit, when compared to the control, 
at a concentration of 1 mg/kg admin- 
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istered in five equal doses over a 5-day 
period. The analysis of bone marrow 
cells found significance (99 percent 
confidence limit) at 10 mg/kg but not 
at 1 mg/kg. 

Single chromatid breaks predomi- 
nated, with infrequent exchange fig- 
ures. The single chromatid breaks pro- 
duced by CHA are the type of abnor- 
mality believed most likely to have 
mutagenic and carcinogenic signifi- 
cance. If multiple breaks occur, the re- 
sult will, in the majority of cases, con- 
sist of loss of viability, which is less 
important in terms of mutagenicity or 
carcinogenicity (5). 

Significance of cytogenetic effects 
varies with the biological system and 
the concentration of chemicals used. 
Stone et al. have reported on the effect 
of cyclamate in leukocyte cultures in 
vitro (6), and Sax and Sax have re- 
ported on the effect of cyclamates in 
plant cells (7). The present study dem- 
onstrates the effect of a metabolite of 
cyclamate, cyclohexylamine, in both 
somatic and spermatogonial cells of 
rats. The significant effect on the rat 
spermatogonial cell occurs at the com- 
paratively low concentration of 5 mg/ 
kg when CHA (1 mg/kg) is adminis- 
tered daily for 5 days. The present in- 
vestigation places CHA in a rather lim- 
ited group of agents, such as certain 
viruses (8), chemicals (9), and irradi- 
ation (10), which produce chromosome 
abnormalities in vivo. Our observations 
indicate potential mutagenic, carcino- 
genic, or teratogenic effects that have 
yet to be determined. 

M. S. LEGATOR 
K. A. PALMER, S. GREEN 

K. W. PETERSEN 
Division of Nutrition, 
Food and Drug Administration, 
Washington, D.C. 20204 
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Studying Neural Organization 
in Aplysia with the 
Scanning Electron Microscope 

Abstract. Preliminary attempts have 
been made to employ the scanning elec- 
tron microscope in the mapping of a 
simple nervous system, the abdominal 
ganglion of Aplysia californica. Early 
results are encouraging: neuronal fibers 
have been identified and traced over 
relatively long distances from their cell 
bodies to structures tentatively identi- 
fied as synapses and to structures tenta- 
tively identified as electrotonic connec- 
tions. 

Because the abdominal ganglion of 
the mollusk Aplysia californica cur- 
rently is the object of intensive, con- 
certed electrophysiological investiga- 
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neural networks. Subsequent work has 
shown that relatively clean neuronal 
surfaces can be obtained in a verte- 
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then mapping should be possible with 
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