
female larvae (+ t ?  and Bt? ). However, in the 1,401 X 
chromosomes tested from treated male larvae (ttd), 
there were 57 lethals arising from 47 independent origins. 
Although this increase in the mutation rate of treated-

males i s  comparable with the results obtained by others 
(3 ,  9, l l ) ,the mutation rate of females treated in  the 
same environment is  not detectably different from that 
of the untreated controls. Differential frequencies of 
lethals in the two sexes have been reported previously for 
spontaneous mutation (3) and for  mutations induced by 
mustard gas ( d ) ,  x-rays ( 5 ) ,  and PS2(10).  Whether 
this sexual difference in mutation rate is  due to some 
morphological or physiological difference between male 
and female Drosophila or whether i t  is  due to an  innate 
difference in the mutability of the sex cells themselves 
remains undetermined. Nevertheless, should this type of 
phenomenon prove to be of general occurrence i t  would 
have interesting implications concerning the function of 
sex in the statics and dynamics of evolution. 
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Lethal Mutation Rate in Drosophila Treated 
with 20-Methylcholanthrenel 

Walter J. Burdette 

Department of Surgery, 
Louisiana State University School of Medicine, 
New Orleans 

Reports on chemical mutagenesis ( 3 )  have revived the 
old idea that mutations are responsible for cancer. A 
number of authors have inferred that the parallelism 
between mutagenic and carciuogenic properties of certain 
chemicals lends support to this hypothesis (6, 14) .  The 
data presented are results of tests for the possible muta- 
genic activity of the carcinogen 20-methylcholanthrene in 
Drosophila melanogaster. 

I n  the first group of experiments, virgin, heterozygous 
females derived from the Oregon-R and Muller-5 stocks 
were treated with 1% 20-met1~ylcholanthrene in sesame 
oil by the vaginal douche technique described by Hersko- 
witz ( 8 ) .  The carcinogen used was from a solution which 
previously had been tested and found to be fully potent in 
producing sarcowas in C,H and J K  mice and their 
progeny (4).  It was injected into the vagina, which was 

1 Work aided by a grant  from the National Cancer Inst i -  
tute, U. S. Public Health Service. 
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partially everted by lateral pressure on the abdomiual 
wall. Adult females 3 days old were treated and mated 
indiviclually to Muller-5 males 5 days old. The male was 
removed after 24 hr and the female allowed to oviposit 
for 3 days in each of 3 vials. One portion of the off- 
spring was then tested for lethals and another group 
treated, repeating this each generation. 

The Muller-5 method of testing for recessive lethal 
mutations on the X-chromosorne mas utilized. Ordinarily 
the Oregon-R/Muller-5 heterozygous female has both 
wild type (+) and scS wa B sons. However, if a lethal is  
present on the chromosome from the Oregon-R stoclr, 
only sc8 .rva B m ~ l e s  appear zmong the offspring. Con-
versely, a lethal present on the Muller-5 (sc8 wa R )  
chromosome will result i n  + offspring only. The advan- 
tages of the method in this investigation are that heter- 
ozygous females which appear each generation may be 
used subsequently for retesting for lethals when poor 
cultures are obtained, and serial treatment is  possible. 
I n  all cases where lethals were suspected, the chromo-
some was retested by the same method. All lethals re-
ported have shown no male hearing the lethal chromo- 
some among a t  least 50 males of the opposite type. Every 
lethal was retested a t  least once. The vaginal douche 
treatment was continued serially for 11generations over 
a period of 128 days, mating females heterozygous for 
the wild-tvwe and Muller-5 chromosomes to Muller-5" L 
males. Since the wild-type ehromosome may be recovered 
in the female progeny in each generation, i t  is  possiblc 
to continue treatment of the chromosome in subsequent 
generations. The wild type chromosome tested in each 
sucpessive generation had therefore been treated from 1 
to 11 times. The total period of treatment of the + 
chromosome, therefore, was longer than the time required 
to induce tumors with this carcinogen in certain strains 
of mice (5). 

The investigation originally was designed to test the 
effect of serial administration of the carcinogen on muta- 
tion rate, but, when i t  was found that very few mutations 
appeared, a different method for administering the 
chemical was adopted. I n  the second series of experi-
meitts Oregon-R males were treated with 1 %  20-methyl- 
cholanthrene in sesame oil in the form of an aerosol with 
air  flowing through the nebulizer a t  the rate of 6 1 per 
inin for a pcriod of 30 sec every 30 min. The lethal 
mutation rate was then determined by the Muller-5 
method for flies treated 15, 24, 48, 72, 96, and 316 hours, 
respectively. 

Control values for mutation rate were obtained by 
mating females heterozygous for  the Oregon-R and 
Muller-5 chroinosomes to Muller-5 males, rather than ob- 
taining the  rate in  each stock separately. The medium 
used contained Cream of Wheat, molasses, agar, and 
ycast. The matings were made in vials and the tempera- 
ture was maintained a t  25" C.T 

There was a high mortality with both forms of treat-
ment. I t  was found that 52% of the females died fol- 
lowing vaginal douche and that only 37.2% of those sur- 
viving were fertile. Most of those that were sterile laid 

2The au thor  is indebted to  Betty Rosenbohm for her  ex-
cellent technical assistance. 



TABLE 1 

IIII'PII.~~, RATEAOTIB SEIIIAL~ I ) Y I N I S T R A T I O N  O F  I N  A DOUCHEMTJTATION ~ ~ - ~ ~ E T H Y L C I - ~ O L B N T I ~ I ~ E ~ ET T ~ ~ ~ ~ . * ~  

1,c~tlialmutations \-isihle 
-

Gener-ation Femalesinjected Femalestested Chronlo-somes + chromosome B chromosome Total Total Nondis-
tested junctiun 

No. % No. 70 No. "/o 0 .  % No. 5% 

1 36 2 86 
2 24 3 54 
3 56 35 1,224 1 .1fX 1 ,082 1 ,163 1 .I63 
4 39 28 1,116 
5 27 18 676 
6 34 10 224 
t 50 10 395 1 ,507 1 .2.51 
8 34 9 206 
0 35 2 2" 

10 30 1 6 500 
11 34 7 154 1 1.209 . . , I  0.549 . . . . . , . . . 

Total 429 149 4,660 1 .043 2 ,086 3 .004 I ,021 1 .021 

no eggs (59.2% of the total), doubtless as  a result of the sc8 wa B chromosome. More offspring had been tested, 
trauma. (The number of males dying after admiqistra- however, 85 in one instance and 26 in the other. 
tion of aerosol appears in Table 2.) Deinerec (6, 1) has reported a num';rr of carcinogenic 

The lethal mutation rate follo~ving serial administia- con~pounds to be mutagenic and has included 20-methyl- 
tion of 20-methylcholanthrene in a vaginal douche was cholantilrene anlong them. Sacharow (13) obtained 18 
foutid to be .064Yo. The rates for each generation in the lethals in 2,921 chromosomes by treating D~osophila 
series appear in Table 1. One mutation on the t chromo- eggs with methylcholantlirene, and 87 lethals among 33,- 
some appeared in the 11th ganeration, and one occurred 975 chromosomes tested in the control series. 
on the scs ma B chromosonle in the 3rd and one in the Preliminary experiments with feeding carcinogens gave 
6th generation. These three lethal ~rlutatioris occurred 11sg:~tive results in experiinents by Auerbach, and, later 
among 4,660 chromosomes tested. I n  the 4th generation more extensive studies on mutatioil rate folloxving the 
a yellow male mas found ~vllen tests were made for injection of carcinogens, including methylcholanthrene, 
lethals. This gene mas present on the wild-type chromo- also gave negative results (1). Bhattacharya ( 3 )  found 
some. An instance of nondisjunction of the X-chromo- no increase in mutation rate when methylcholanthrene 
some mas found and confirmed in subsequent generations. was fed to larvae. I t  is pointed out in the report that  

When the carcinogen mas administered as an aerosol there is no significant difference between the positive 
(Table 2), 5 lethal mutations were found on the t results reportecl by Denlerec and the results Bhattacharya 
chromosome and 5 on the sc8 T V ~B chromosome amollg obtained in the feeding experiments, although the latter 
10,108 chromosomes tested, a mutation rate of .099%. were negative when eomparer1 to controls. 
I t  should be noted tha t  only the + chromosome was The use of mice in quantitative nork on mutations has 
treated by this method. Lethals occurred in the groups limitations reason this investigation def i~~l to  and is  the 
treated 15, 72, and 216 hours, but not in those ahen was done with Drosophila. The detection of visible muta- 
the treatment period was 24, 48, and 96 hours. Two of tions is somenhat subjective, and inversions are not 
the lethals on the t chromosome occurred among 12 off- available for use in detecting lethal or visible, recessive 
spring of a single male. Also in the progeny from each mutants. There is the undeniable advantage, however, 
of two other matings there were two lethals on the that  mice bear tuillors very similar to those in man. 

TABLE 2 

LIQTHALMUTATION RATE(20-M&THYLCHOLAXTEIRIR'E- ~ I K O S O L )  

Lethals 
Treat- Died Males Chromo-
ment with somes + chromosome S C ~wa B chromosome Total 

period treatment tested tested 
No. % No. % No. % 

1 .I35 1 .067 

Total 
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TA1II.E 3 

I,wrIIar, MUTATIONRATS 


Chromo- --

Treatme11t somes 
tested 

Control 2,822 
20-Mcthylcholnnthrene (vnginnl douche) 4,660 
20-hlethylcholanthrene (nerosol) 10,108 

Strong (14) has reported numerous variants in strains 
trcutsd with 20-mctl~ylcholantlirene for  a number of 
gcnerations, including color changes and differences in 
susccptibility to tumors. He regards these as mutations 
induced by the chemical and thinks i t  is probable tha t  
~netliylcllolanthrene may bring about malignancy by caus- 
ing somatic, nlutations. I n  commenting on this work, 
Auerbach (2) has questioned the accuracy of tlie com-
11nrison of the experimental mutation rate (1 in 557) to 
the control ( 1  in 26,250) given by Strong, although she 
was impredsed by the large number of variants in an 
animal in which visible mutations rarely occur. 

Tatum (15 )  has reported the appearance of 6 biochemi-
cal mutant strains among 2,075 cultures of Neurospora 
treated with 20-methylcholanthrenc endosuccinic acid. 
One apparently contained 2 independcnt gene mutations. 
Control studies from another of his experiments showed 
1 biochenlical and 6 morphological mutants. He men-
tioned a high incidence of morphological mutants with 
methylcholanthrene but did not feel tha t  a significan: 
difference had been established by the data a t  hand. H e  
did, however, state that  results with Neurospora suggest 
that  this carcinogen has mutational effects. On the other 
I~and, Latar jc t  (11) found no increase in mutation rate 
when methylcholanthrene was used to treat  bacteria, even 
tl~ongll enough of the chemical was present to cause the 
organisms to fluoreqce. 

The figures for  mutation ra ts  in Dvosophila obtained in 
these experiments reveal that  there is no significant dif-  
ference (Table 3)  between control rate and that  for  
treatment by vaginal douche (P= 0.99) or for treatment 
with methylcholanthrene aerosol (P= 0.7). The appear- 
ance of a yellow male and the instance of nondisjunction 
are not regarded as  evidence to the contrary. The experi- 
ment was not designed for determining the rate of visible 
mutations or the incidence of nondisjunction. Also, yel-
low is known to mutate spontaneousl,~ more frequently 
than many other loci in Drosophila. 

The discrepancy between these and other negative find- 
ings and those which have indicated that  20-methylcho- 
lanthrene is mutagenic may be explained in several ways. 
I t  is possible tha t  the carcinogen was not present in opti- 
mum concentration over a sufficient period to be effective 
as a mutagen. I t  is also possible tha t  the route of ad-
millistration or the vehicle in n.11ich i t  was given did not 
allow access to the cl~romosolnes. Finally, mutagenic 
effects may be strain- or species-limited. 

Factors which would operate toward giving false nega- 
tive results were minimized as much as  possible. The 

I~ethals 

k cl~romosbme s@ waB chromosome Total 1' 

No. % No. % No. % 

1 .071 1 .071 2 .071 
1 .043 2 ,086 3 .O64 0.09 
5 .090 5 .099 10 .OW 0.7 

concentration of carcinogen used was sufficiently high so 
that  further increase does not reduce tlie induction time 
of subcutaneous tumors in inbred mice, although the 
high concentration is  not ncccssarily optimum. More 
than one route of administration of the carcinogen wart 
utilized, and both methods have given positive results 
with nitrogen mustard in other work by the author. 
Chromosomes from the males were treated by means of 
tlle aerosol, and those from both malcs and females by 
the vaginal douche techniquc. I n  tlie latter the treat-
mcnt was repeated and perhaps prolonged. The stock of 
Oregon-B used was obtained from the laboratory of Dr. 
Dcmerec, and the aerosol method he described (7)  was 
duplicated a3 nearly as  possible. 

Undoubtedly chemicals can induce mutations. Sonlr 
of these chemicals are also carcinogens. For  example, 
methyl-bis(6 chloroethy1)amine hydrochloride (2) and 
urethane (16) are capable of inducing mutations and also 
of increasing the incidence of mouse tumors (9, 12) .  
Others, such a s  formaldehyde, a re  mutagenic (10) but 
not carcinogenic. There is  little basis a t  the present 
tiinc, however, for  the assumption that  all carcinogens 
are mutagens. Even in the reports of Demerec (6) ,  there 
are negative results for  agents known to be carcinogenic. 
The results reported in this communication do not sup- 
port the hypothesis tha t  20-methylcholantl~rene is s 
mutagen, since the n~uta t ion  rate of lethals on the X -
chromosome was not increased either by administering 
1% 20-methylcholanthrene in sesame oil by vaginal 
douche serially for  11 generations over a period of 128 
days or as  an aerosol during periods of from 15 to 216 
hours. More work is  in order to clarify the reasons for  
thc differences in results with this csrcinogen. There 
would seem to be a reasonable doubt that  there is neces- 
sarily a connection between mutagenic and carcinogenic 
effects of an agent or that  carcinogens are necessarily 
mutagens. A t  the present time there are even more 
obstacles in accepting without reservation the hypothesis 
tha t  tumors are the direct result of somatic mutations. 
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amine, and 5,5-(2'-methylhexamethylene) hydantoin, re-

Arylcycloalkylamines spectively. 4-Methylcycloheptylamine was prepared from 
4-methylcycloheptanone (6). 

Structural analogues of Methadon were obtained by 
C. Robert~ l f r e d~ u r ~ e r ,  alter, Jr., William B. Bennet, subjecting 2,2-diphenylcyelohexanone (4) to the 31a11nich 

and Lennox B. Turnbull reaction with secondary amines. The resulting 6-dialkyl- 
Cobb Chemical Laboratory, aminomethyl-2,2-diphenylcyclohexanonederivatives, and 
University of Virginia, Charloftesville the corresponding amino alcohols, are listed in Table 1. 

2,2-Diphenyl-6-bromocyclohexanone,obtained from the 
Sympathominletic amines in which the basic side chain parent ketone by bromination, has also been converted to 

is part  of a, saturated ring not condensed with their aro- 2,2-diphenyl-6-dialkylaminocyclohexanonederivatives. 

TABLE 1 

PHYSICALPROPERTIES OF CYCLOAI,KAYEAND AXALYSES SUBSTITUTED DERIVATIVES 

Percentage composition 
Compound Mp, OC Formula 

Calculated Found 

2-Phenylcyoloheptanone semicarbazone 154-156 C14~m~,3O 	 N, 17.13 17.42 

2-Phenylcycloheptyla~nine.HCI 	 196.5-197.5 C,,HmCIN 

5,5-(2'-Phenylhexamethy?ene) hgdantoin 204.5-207.5 C15131sX,02 	 C, 69.74 69.57 
H, 7.02 7.00 
N, 10.85 10.89 

2-Methyloycloheptylamine - HCl 225.5-227.5 C,H,,ClN C, 58.70 58.63 
(drc.) H, 11.08 10.91 

N. 8.56 8.45 

5,5-(2'-Methylhexamethylene) hydantoin 216-218.5 c ~ H ~ 6 N 2 0 2  	 C, 61.20 61.30 
H, 8.22 8.74 
N, 14.28 14.78 

4-Methylcycloheptylamine HCl 207-209 C,H,,ClN 	 C, 58.70 59.24 
H, 11.08 11.21 
N, 8.56 8.27 

2,2-Diphenyl-6-dimethylaminomethylcyclohexanone 106-3 07 C,,H,NO 	 C, 82.04 82.18 
H, 8.20 8.18 

2,2-Diphenyl-6-dimethylaminomethylcyclohexanol 108 5-109.5 C?,HmNO 	 C, 81.51 81.35 
H, 8.80 8.80 

2,2-Diphenyl-6-mor~~holinomethylcyclohexa11oneHCl 160 C,H,ClN02 	 C, 71.58 71.78-
H, 7.31 7.54 

2,2-Diphenyl-6-bromocycloheganone 117-119.5 C,,H,,BrO 	 C, 65.66 65 69 
H, 5.21 5.39 

2,2-Diphenyl-6-morpholinocyclohexanone 124.5-125 C,,H,N02 	 C, 78.77 78.98 
H, 7.51 7.71 

2,2-Diphenyl-6-pXperidinocyclohexanone 121.5-122 CmHzNO 	 C ,  82.84 83.12 
H, 8.16 7.63 
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