
as photosensitizers if longer exposure 
conditions were employed. This is so 
because rotenone itself is highly un- 
stable to sunlight, its half-life on foliage 
under the conditions of study being 
no longer than 30 minutes (1). It is 
known that the majority of rotenone 
photodecomposition products are less 
active than rotenone or are inactive 
as photosensitizers (1); thus the effec- 
tive sensitizing period resulting from 
rotenone applications is expected to 
be a short one. 

The fact that rotenone is a natural 
plant product suggests that other 
naturally occurring sensitizers might 
be used for pesticide chemical photo- 
decomposition. Except for earlier re- 
ports that pyrethrins are more suscep- 
tible to photodecomposition when plant 
pigments are present in crude pyre- 
thrum extracts (11), there are appar- 
ently no indications that such sensi- 
tizers exist. However, their existence is 
confirmed by the results of our pre- 
liminary studies which show that 
aqueous suspensions of spinach chloro- 
plasts are potent sensitizers for the de- 
composition of certain 14C-labeled 
carbamate and pyrethroid insecticides 
in sunlight but not in darkness; this is 
probably the result of the chlorophyll 
content of these chloroplasts. Whether 
or not chloroplasts sensitize the photo- 
decomposition of other pesticide com- 
pounds is, as yet, unknown. Although 
an interesting speculation, it may be 
difficult to assess the possible in situ 
significance of chloroplast pigments 
in the alteration of pesticide residues 
in plants. 

The present studies are not definitely 
applicable to the field use of pesti- 
cides, although they show that very 
low concentrations of a photosensitizing 
compound can greatly alter the persist- 
ence pattern of a pesticide chemical. 
Further, they show that rotenone, 
which is currently being used for in- 
sect control on food crops and which 
degrades quickly by photodecomposi- 
tion to nontoxic products, is quite ef- 
fective as a photosensitizer for certain 
chlorinated cyclodienes. It is likely that 
other interesting pesticide-photosensi- 
tizer mixtures exist in addition to the 
combinations reported here. This means 
that one pesticide chemical can greatly 
affect the residual persistence of a 
second pesticide chemical on a crop, 
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affect the residual persistence of a 
second pesticide chemical on a crop, 
not only by altering its rate of bio- 
transformation (12) but also by sensi- 
tizing its photoalteration. It is im- 
portant to determine such interactions 
because pest control frequently in- 
volves the application of more than one 
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type of pesticide chemical to the plants. 
Perhaps the most intriguing possibility 
is that of "managing" residues or pesti- 
cide persistence by applying an appro- 
priate photosensitizer to cause, at will, 
an increased rate of residue alteration, 
including dissipation, when this is de- 
sirable from the standpoint of efficient 
pest control procedure, good agricul- 
tural practice, or minimum environ- 
mental contamination. 
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Guanine 3-N-oxide and 3-hydroxy- 
xanthine are chemical oncogens (1) with 
potencies comparable to those of the 
most oncogenic arylamines and many 
oncogenic hydrocarbons (2). We have 
now identified two additional urinary 
metabolites of 3-[8-14C]hydroxyxanthine 
as 8-chloroxanthine and 8-methylmer- 
captoxanthine. Each has been separated 
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and characterized by ion-exchange and 
subsequent paper chromatography (dis- 
cussed below). Samples of each so puri- 
fied were reduced to xanthine with no 
loss of specific activity. The identity of 
8-chloroxanthine was confirmed by the 
isolation of 8-[36Cl]chloroxanthine when 
Na36Cl was administered with unlabeled 
3-hydroxyxanthine. The results in Table 
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Oncogenic Purine Derivatives: 

Evidence for a Possible Proximate Oncogen 

Abstract. Two additional urinary metabolites of the chemical oncogen 3-hydrox- 

yxanthine are now identified as 8-chloroxanthine and 8-methylmercaptoxanthine. 
Such products are thought to be derived from a reactive intermediate which can 

be tentatively considered to be a proximate oncogen. Since each of these 8-substi- 

tuted xanthines has also been obtained in vitro by reactions of 3-acetoxyxanthine 
with chloride ion or methionine, their production in vivo can be explained as 

resulting through the metabolic formation of an activated ester with a reactivity 
similar to that of the chemical model. 
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1 include measurements of the previ- 
ously identified urinary metabolites of 
3-hydroxyxanthine: allantoin, 3-hy- 
droxyuric acid, uric acid, and xanthine, 
which result from the reducing or oxi- 
dizing actions of xanthine oxidase (3, 
4), and which, with unaltered 3-hydroxy- 
xanthine, account for more than 90 per- 
cent of the radioactivity in the urine. 
An analogous series of metabolites 
formed by xanthine oxidase has been 
shown to result from guanine 3-N-oxide 
(5). 

The guanine 3-N-oxide and 3-hy- 
droxyxanthine are stable compounds 
under many conditions, but it has been 
found (6, 7) that they can undergo a 
remarkable reaction involving an ap- 
parent rearrangement of the oxygen 
from the 3-nitrogen to the 8-carbon. 
For example, 3-hydroxyxanthine (1) is 
converted to uric acid (3) upon acetyla- 
tion, and similarly guanine 3-N-oxide 
is converted to 8-hydroxyguanine. The 
intermediate, 3-acetoxyxanthine (2a), has 
been prepared (8) and shown to react 
readily with nucleophilic agents. In wa- 
ter it yields uric acid (3); in dilute 
NaCl it also yields 8-chloroxanthine 
(4); with methionine it yields 8-methyl- 
mercaptoxanthine (5), all at room tem- 
perature and plH 5 to 6 (8). 

The metabolic formation of the 
8-substituted chloro- and methylmer- 
capto- derivatives, 4 and 5, is logically 
explained if it is postulated that 1 is 
converted in vivo to an ester, 2b, with 
reactivities similar to those of 2a. 3-Hy- 
droxyxanthine would thus be an addi- 
tional example of an oncogen that is 
converted in vivo to a metabolite having 
a chemical reactivity that could permit 
it to react with cell components to 
initiate the process of chemical onco- 
genesis (9). This behavior of 3-hydroxy- 
xanthine in vivo and the reactions of 
3-acetoxyxanthine in vitro are reminis- 
cent of the findings of Miller and co- 
workers on the metabolism of the 
oncogenic arylhydroxylamines, the re- 
activity in vitro of their O-acetyl deriva- 
tives, especially of N-acetoxyacetami- 
dofluorene (9, 10), and the possible 
formation in vivo of sulfate (11) or 
phosphate esters (12). The postulated 
reactive intermediate (2b) which is 
formed in vivo from 3-hydroxyxanthine, 
and for which 3-acetoxyxanthine (2a) 
is a chemical model, may well have a 
similar origin. No reaction of esters of 
N-hydroxyacetamidofluorene with such 
weak inorganic nucleophiles as chloride 
has been reported, and it is probable 
that the active metabolites from the two 
types of compounds will show different 
reactivities with different nucleophiles. 
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Table 1. Metabolites of 3-hydroxyxanthine as percentage of total 14C excreted* by five rats: 
four male and one (rat E) female; four of the Wistar strain (Carworth) and one (rat D) of 
Sprague-Dawley strain (Charles River Breeding Laboratories). Rat A (350 g) received 0.4 
tumole, 11 mc per mmole for each experiment; B (220 g), 1 tamole, 11 mc per mmole; C 
(190 g), 1 ,mole, 25 mc per mmole; D (260 g), 0.7 ,pnole, 25 mc per mmole for each experi- 
ment; E (160 g), 0.4 Amole, 25 mc per mmole. 

Percentage 14C excreted by rats 
Metabolites 

A B C D E 

Allantoin fraction t 80. 
Uric acid 0.33 
3-Hydroxyuric acid 0.13 
8-Chloroxanthine 0.88 0.35$ 0.24 
3-Hydroxyanthine 13.0 8.8 24.5 21.5 

13.7? 
Xanthine I 5.5 
8-Methylmercaptoxanthine 1.0 1.0 1.0 1.4 1.0 

2.0 ? 2.1 
Unidentified metabolite accompany- 0.4 0.4 0.55 0.37 

ing 8-methylmercaptoxanthine 0.9 ? 0.86$ 

* Urines were collected for 8 hours, at which time more than 75 percent of the radioactivity is excreted 
(4, 5). t As described (4). With the smaller dose administered here the excretion of allantoin is 
greater, and that of uric acid, 3-hydroxyuric acid, xanthine, or 1 is less than the amount that resulted 
with a much larger dose (4). $ Prior treatment with ~30 mg of 1, 0.1 mg/ml in water, in 1 week, 
followed by a week on regular diet and then the second experiment. ? Prior treatment with ~100 mg 
of 1, 2.2 mg per gram of chow, 12 g per day for 1 week, followed by a week on regular diet and then the 
second experiment. Four weeks later this rat was also used for the Na30Cl experiment. I This fraction 
contains two additional labeled products. 

Because male rats are more suscep- 
tible to both these types of oncogens 
(11, 13), both sexes, as well as the two 
strains that have been used in our 
oncogenicity assays, were included in 
this study. The female (rat E, Table 1) 
excreted slightly more 8-methylmercap- 
toxanthine than the four males of either 
strain. The experiments in which the 
rats were given a preliminary feeding 
of 3-hydroxyxanthine (rats A and D) re- 
sulted in some increase in excretion of 
the two new metabolites and of the 
unidentified metabolite accompanying 
8-methylmercaptoxanthine. Since it is 
quite possible that 8-methylmercapto- 
xanthine is itself subject to further me- 
tabolism, the significance of these differ- 
ences cannot yet be interpreted. 

Upon column chromatography (Ta- 
ble 2) the radioactivity of 8-chloroxan- 

thine is a poorly resolved peak on the 
trail of the radioactivity eluted with 
allantoin and 3-hydroxyuric acid, but 
the 8-chloroxanthine can be well sepa- 
rated from these metabolites by paper 
chromatography (Table 2). The radio- 
activity of 8-methylmercaptoxanthine 
coincides symmetrically with the added 
marker in the eluate from column chro- 
matography. Upon subsequent paper 
chromatography in NH4C1, however, it 
is consistently found to be accompanied 
by 28 to 30 percent of an unknown 
metabolite (Table 2). That is not an 
artifact arising from 8-methylmercapto- 
xanthine, which is stable under the con- 
ditions of handling. Confirmation of the 

identity of 8-methylmercaptoxanthine 
was obtained by reducing about 3 tumole 
of a purified sample of this metabolite 
and its carrier to xanthine by the use 

Table 2. Separation of urinary metabolites by ion-exchange and paper chromatography. For 
column chromatography, a Dowex 50 (H+) 200- to 400-mesh column (50 cm by 1.29 cm2) 
was eluted with 50 ml of H2O, 60 ml of 1.1N HC1 and 2.2N HC1. Elution volumes in milli- 
liters indicate volumes of eluate which contain about 95 percent of the compound. For 
separation of 8-[86Cl]chloroxanthine a column 75 cm by 1.29 cm2 was used. For ascending 
paper chromatography, Schleicher and Schuell paper 597 was used and the substances were 
applied in 6N NHiOH. 

Chromatograms 

Metabolite Paper (RF values) Metabolite 
Column Glacial 3% 

CHsCOOH NH,Cl 

None (NaCl alone) 11-16 0.77* 
Allantoin 15-35 0.65 0.82 
3-Hydroxyuric acid 15-28 0.42 0.55 
Uric acid 20-33 0.42 
8-Chloroxanthine 35-45 0.79 0.24 

0.32t 
3-Hydroxyxanthine 135-155 0.50 0.62 
Xanthine 180-200 0.67 0.47 
8-Methylmercaptoxanthine 215-255 0.85 0.31 
Unknown compound 215-255 0.80* 0.80* 

* Located by its radioactivity. Strips were scanned (7) or cut for measurement by scintillation. 
t Substance applied in HCI. Such a difference is not found with the other compounds. 

1623 



of Raney nickel, followed by H2S treat- 
ment of the nickel to release the small 
amount of xanthine. 8-Methylmercapto- 
xanthine of 34,900 count min-l /mole-l 
(14) was thus reduced to xanthine, 
which, after chromatography on 10 ml 
of Dowex 50, had a specific activity of 
35,500 count min-l /mole-1 (15). Sim- 
ilarly, 8-chloroxanthine of 99,000 count 
min-t /rmole-1 (16) could be catalyti- 
cally hydrogenated over Pd-C to yield 
xanthine of 79,000 count min-l /umole-l. 
Additional evidence for the identity of 
the 8-chloroxanthine was obtained in an 
experiment with 36C1- (17). An injection 
of 2.3 mmole of Na36Cl and 20.3 
mmole of 3-hydroxyxanthine was ad- 
ministered to rat A. By 6.5 hours the 
urine contained 5.7 percent of the 
36C- at a dilution of only 1: 5.5, which 
corresponds with the fact that most of 
the radioactive chloride was still ex- 
tracellular during that period (18). From 
a longer column (see Table 2), the 
H36C1 was eluted as an initial sharp 
peak, the trail of which obscured the 
8-chloroxanthine radioactivity peak. 
When 660 count min-1 of radioactivity 
from the 8-chloroxanthine peak was 
rechromatographed on paper with 
NH4Cl, 40 percent clearly accompanied 
the carrier 8-chloroxanthine and some- 
what more accompanied the sodium 
chloride (Table 2). The low activity of 
the 8-chloroxanthine suggests that it was 
formed from intracellular chloride, as 
would be expected. 
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Ecdysis in Silkmoths 

Abstract. An adult moth sheds its 
pupal skin only during a specific period 
of the day. The brain is necessary for 
the synchronization of this behavior 
with the environmental photoperiod. 
This function is fully preserved when 
all the brain's nervous connections are 
severed or when a "loose" brain is 
transplanted into the tip of the abdo- 
men. By appropriate experiments it was 
possible to show that the entire mecha- 
nism is brain-centered. The components 
include a photoreceptor mechanism, a 
clock, and a neuroendocrine output. 
The clock-controlled release of the 
hormone acts on the central nervous 
system to trigger a species-specific be- 
havior pattern which culminates in 
ecdysis. 

Lepidopterists have long been aware 
that the escape of butterflies and moths 
from their old pupal cuticle occurs at 
a certain time of the day which is char- 
acteristic of the species (1). The three 
silkworms used in this study, Hyalo- 
phora cecropia, Antheraea polyphemus, 
and A. pernyi, proved to be no excep- 
tion. When developing moths were 
placed in a photoperiod, the subsequent 
ecdyses, which were recorded by means 
of a 48-hour kymograph (2), were con- 
fined to a specific "gate" (3), the time 
of which depended on the particular 
photoperiod regimen (4). Figure 1 
(left) shows the ecdyses of moths that 
were exposed to a regimen consisting 
of 17 hours of light per day (17L: 
7D). The gates of the three species dif- 
fered in respect to both time and width. 
The "clock" which determines the time 
of ecdysis also has a circadian compo- 
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nent. Thus, when developing Pernyi 
were transferred into constant darkness 
from a 17L: 7D regimen, the subse- 
quent ecdyses continued to occur syn- 
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chronously with gates at 22-hour inter- 
vals after lights-off (4). In addition, 
an examination of the kymograph rec- 
ords (Fig. 1, right) showed that ecdysis 
is immediately preceded by a period of 
hyperactivity (the emergence behav- 
ior), the pattern of which was also 
species-specific. The present report de- 
scribes a brain-centered neuroendocrine 
mechanism by which ecdysis is syn- 
chronized with a light-dark regimen. 

The preliminary stage of this study 
involved an examination of the role of 
various cephalic nerves, ganglia, and 
endocrine organs in the ecdysis of silk- 
moths (5). The operations were per- 
formed primarily on diapausing pupae 
of the Cecropia moth (6); the animals 
were then allowed to begin adult de- 
velopment, and about 3 weeks later the 
effect of the surgery on the ecdysis of 
the resulting moths was ascertained 
(7). Sectioning of the optic nerves and 
circumesophageal connectives or extir- 
pation of the compound eye anlagen, 
the subesophageal ganglion, the frontal 
ganglion, or the corpora allata and 
corpora cardiaca was inconsequential. 
All the operated moths emerged within 
the normal Cecropia gate, that is, be- 
tween 1 and 9 hours after lights-on in 
the 17L: 7D regimen. By contrast, 
when the brain was removed, the moths 
were no longer influenced by light. 
Both brainless Cecropia and brainless 
Pernyi emerged randomly throughout 
the day and night (Fig. 2B). The re- 
moval of the brain somehow inter- 
rupted the chain of events leading from 
the reception of light to ecdysis. 

It is important to note that the brain 
functioned correctly even after its con- 
nections to the eyes (8) and the ventral 
nerve cord were severed. That being 
so, the implantation of a brain into a 
brainless animal should restore the 
competence to synchronize emergence 
with photoperiod. To test this hypothe- 
sis, "loose-brain" moths were prepared 
by removing the brain from the head 
of each pupa and immediately reim- 
planting it into the tip of the abdomen. 
These animals proved to be fully able 
to respond to the photoperiod regimen. 
The emergence of "loose-brain" moths 
was gated and occurred at about the 
same time as that of unoperated moths 
(Fig. 2C). Also, as with unoperated 
animals, the ecdysis rhythm of "loose- 
brain" moths was free-running in con- 
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gence behavior with photoperiod, a 
minimum of three components are nec- 
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