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ABSTRACT 

The mutagenic effect oí caffcine has been demonstrated in severa! animal and plant 
species, including human cells in tissue culture. For such studies, whose aim is to 
find gene-controlled repair mechanisms, Drosophila melanogaster with its well-known 
genetics is a suitable test system. The induction of recessive lethals in Drosophila 
by feeding the larval with special food, has been reported by severa! investigators 
and refuted by others. 

An improved method was used Cor detecting X or Y chromosome loss and non­
disjunction in both sexes oí Drosophila melanogaster by identifying the exceptional 
progeny recovered. Females from the stock y2wª/ scSY; e/ e were collected as virgins 
and storcd in a complete food medium or in an incomplet food medium i.e., without 
yeast, which is the main nutritive component oí the Drosophila íood. T he stock 
which provided males had an scSY chromosome and a closed ring xc2 chromosome 
with the markers yellow and Bar. 

Continuously well-fed fl ies showed no increase in X or Y chromosome loss or in 
non-disj unction whereas those adults íed with normal nutrient with caffeine added, 
showed significantly higher frequencies of X or Y paterna l chromosome lo;s. No 
change was found in maternal X chromosome loss or in the non-disjunction oí sex 
chromosomes in both parents. On the other hand, undernourished adults gave 
paternal X or Y chomosome loss rates which were significantly higher than those 
obtained in the well nourished groups. 

T he joining oí the broken ends of sperm chromosomes is normally delayed until 
fertilization is over, hence, undernourishment seems to affect the repair mechanism 
contained in the egg, due to modifications in the physiological environment oí the 
oocytes, as discussed below in this paper. 

The undernourishment oí females íed on nutrient with caffeine added and mated 
to normally fed males produced a decrease in the rate of paternal scx chromosome 
loss, as compared to undernourished females without caffeine. 

The data obtained can be interpreted according to the hypothesis that mutational 
enhancement by undernourishment, as well as the contradictory effects oí add ing 
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caffeine to complete and incomplete media are associated with sorne restriction in 
the fertilized egg on the joining of the paternal chromosome ends produced pre­
viously by breakage in the sperm. 

RESUMEN 

Se ha demostrado el efecto mutagénico de la cafeína en multitud de especies ani­
males y vegeta les, incluyendo a la ; células huma nas culti\'adas en medios a rtificiales. 
Para tales estudios, cuyo propósito es la identificación de mecanismos de repara­
ción genéticamente controlados, Drosophila melanogaster, con su genética tan am­
pliamente conocida, constituye un sistema muy apropiado. Algunos autores han 
inducido mutaciones letales recesivas mediante la a limentación especial de las larvas 
de Drosophila, mientras que otros no lo han logrado. 
Se aplicó un método mejorado para la identificación de los individuos provenientes 
de cigotos en los que faltan el cromosoma X o el Y, así como de los individuos pro­
venientes de la no disyunción cromosómica en ambos sexos de Drosophila melano· 
gaster, mediante el reconocimiento de los descendientes que difieren en su fenotipo, 
del característico de las líneas empleadas. Se a islaron hembras vírgenes de la línea 
y2wª/sc8Y ; e/ e, que se pasaron a medio alimenticio completo o incompleto. En el 
medio incompleto se excluyó la levadura, que es el componente nutritivo principal 
para Drosophila. La línea de la que se aislaron los machos es de la composición 
genética scsv , con su cromosoma X en forma de anillo cerrado: xc2, dicho cromo­
soma es además portador de los marcadores yeiiow y Bar. 
Entre los descendientes de las moscas que se alimentaron normalmente, no se obser· 
varon pérdidas mayores de cromosomas o incremento de la frecuencia de la no dis· 
yunción, mientras que el alimento completo al que se agregó cafeína a concentra­
ciones mayores que la de 0.08% , produjo una pérdida significativamente mayor del 
cromosoma X paterno. No se registró incremento alguno de la frecuencia espontánea 
con que se pierde el cromosoma X materno, o en la no disyunción cromosómica en 
ambos sexos. Por otra parte, los adultos desnutridos dieron descendencia que pre­
sentó una frecuencia significativamente mayor en la pérdida de los cromosomas 
sexuales paternos que la producida en los grupos bien nutridos. Considerando que 
la unión de los extremos rotos de los cromosomas espermáticos es normalmente re· 
tardada hasta concluida la fecundación, la desnutrición parece a fectar los mecanis­
mos de reparación del óvulo. 
La desnutrición de las hembras alimentadas con medio con cafeína y cruzadas con 
machos a limentados normalmente, produjo un descenso de la frecuencia de la pér· 
dida de los cromosomas sexuales de origen paterno, en comparación con la que tiene 
lugar en las hembras mantenidas en el medio nutritivo incompleto sin cafeína. 
Los datos obtenidos pueden in terpretarse según la hipótesis de que el incremento en 
la frecuencia de la pérdida de cromosomas producida por la desnutrición, así como 
los resultados contradictorios obtenidos al aplicar la cafeína en el medio completo 
y en el medio incompleto, están asociados con a lgún efecto sobre la restitución en 
el óvulo fertilizado, de los extremos rotos de los cromosomas paternos, originados en 
las rupturas previas que tienen lugar durante la espermatogénesis. 

I NTRODUCTION 

Caffeine has long bccn known to be radio­
mimctic to plant chromosomcs (Kihlman 
et al., 197 1) , to bacteria (Demerec et al., 
1950, 1951 ) , to ascomycetes (F ries, 1950) 
and to Ophiostoma (Zetterberg. 1959) . 
This purine ( 1, 3, 7 · trimethylxantine) 

is also effecti,·c in breaking chromosomes 
of human cclls in tissue cul ture (Ostertag 
et al., 1965) . Attempts to demonstrate 
the mutagenicity of caffeine in the mouse 
(Demerc et al., 1951 ; Lamy, 1947 ) have 
not led to conclusive results. Induction of 
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recessive lethal mutations by larval feed­
ing treatment in Drosophila has been re­
ported by sorne investigators (Andrew, 
1959; Ostertag and Haake, 1966) and 
refuted by others (Yanders and Seaton, 
1962 ; Alderson and Khan, 1967; Clark 
and Clark, 1968) . 

Andrew (1959) reported that caffeine 
behaved as a weak mutagen when in­
cluded in the food medium at a concentra­
tion of 0.25% . A weak mutagenic effect 
was also observed after injection of a caf­
feine solution into adult males. A 24-h 
brood interval ,\·as used but there was no 
clear indication of the existence of a par­
ticularly sensitive periocl during spermato­
genesis. Although Andrew carried out only 
two experiments, they were both on a 
substan tial scale and a conclusion of weak 
mutagenicity appeared justified, at lcast 
for the Canton-S strain used in her ex­
periments. 

Yanders and Seaton ( 1962) were un­
able to confirm the mutagenicity of caf­
feinc when included in Drosophíla food 
medium. They suggested that the lack of 
agreement with Andrew's ( 1959) data 
might indicate strain differences in suscep­
tibility, or perhaps the confounding of 
Andrew's resul ts as a consequence of the 
recovery of clusters of lethals. Andrew 
makes no reference in her paper to the 
occu1Tence of lethal clusters in her experi­
ments. Her culturing schedule w:is such 
that clusters could have been detected, 
had they occurred. 

Alderson and Khan ( 1967 ) raise the 
question of whether RNA and ribonucleo­
tides present in the usual Drosophila cul­
ture medium might exert an antimuta­
genic effect and thus mask the mutageni­
city of caffeine. Differences in the compo­
sition of culture media used in different 
laboratories might thereby account for 
discrepant reports. They tested the effects 

of 0.05% and 0.075 % caffeine on larvae 
in axenic culture kept from 48 to 240 h. 
on a chemically dcfined medium. Purine 
and py'rimidine sources were omitted from 
the medium, save for the added cafeine. 
Different concentration levels of added 
RNA were tried in various experiments. 
H owever, no evidence could be obtained 
to suggest that caffeinc is able to induce 
recessive sex-linked lethals in male larvae. 
T he results therefore agree with those of 
Yandcrs and Sea ton ( 1962 ) . 

After the appearance of the work of 
Yanders and Seaton, it was decided to 
rcpeat Andrew's work on a more extensive 
scale. Part of this work was carried out 
in the Zoology Department of the Uni­
versity of Tasmania from 1962-1963, but 
as it did no prove possible to obtain clear 
evidence that caffeine can induce sex­
linked lethals in Drosophila, the data have 
not previously been published. However, 
'in view of the reports by Ostertag and 
Haake (1966) and Mittler et al. ( 1967), 
which suggested that caffeine may be 
mutagenic after a li in Drosophila, we have 
decided to publish this short report of 
our experiments made in order to show 
the effect of caffeine on the frequencies 
of non-disjunction and chromosome loss 
in both males and females, testing a stan­
dard medium from which yeast was omit­
ted, considering that the high concentra­
tion of RNA and nucleotides in the yeast 
contained in the normal Drosophila food 
medium might mask the effect of caffeine. 

The rationale of the experiments de­
scribed in this paper is as follows. The 
absence of <lose fractionation effects in 
X-rayed mature sperm indicates that pro­
cesses leading to chromosomal rearrange­
ments are active only after the sperm has 
inseminated an egg (Muller, 1940) . Such 
processes might depend, at least in part, 
upon factors present in the egg, suggesting 



22 R. FÉLIX, M. E . DE LA ROSA, J. GUZMÁN Y R. F. MOUTON 

that the repair machinery in the oocytes 
plays an important role in the formation 
of chromosome aberra tions in postmeiotic 
germ cells. 

Further evidence substantiating the 
above thesis carne from exposure-frac­
ticnation studies which showed interaction 
of breaks produced in spermatids (in 
males) with those produce in mature 
sperma tozoa ( in inseminated fema les) 
( So beis, 1972 ) . 

Ali these findings strongly suggest that 
the repair machinery in the oocytes plays 
a vita l role in the formation of induced 
chromosomal aberrations in post-meiotic 

male germ cells. It should therefore be 
possible, by suitably modifying the geno­
type of the females and/ or the physiolo­
gical environment of the oocytes, to in­
fluence the magn"itude of the genetic da­
mage induced in the male germ cells. 
Sorne work along these lines has been car­
ried out by K aufmann ( 1946) who ex­
p:)sed eggs to near-infrared radiation at 
the time of their fertilization by x-irradi­
ated spermatozoa; he found tha t such a 
combination of treatments lcd to an in­
creasc in the frequency of chromosomal 
rearrangements as detected by cytological 
analysis. 

MATERIALS AND METHODS 

The following experiments were de­
signed to test the effects of caffeine in 
Drosophila adul ts under different nutri­
tional conditions. The recorded genetic 
events were the frequency of X or Y 
chromosome loss in males, chromosome 
non-disjunction also in males, and the 
chromosome X loss and non-disjunction 
in females. For this purpose an improved 
method for detecting non-disjunction and 
X or Y chromosome loss was applied, that 
gives particularly reliable information on 
the origin of the exceptional progeny re­
covered. 

Virgin fcmales were taken from one 
stock with an sc8Y chromosome which in­
cludes the wild type allele at the y locus, 
to avoid the existence of any secondary 
exceptions from XXY mothers ( y2wª / sc8Y ; 

P. Treated adults: 

f l. Normal progeny: 

Non-disjunction in 'i?: 

X loss in 'i?: 

e/e) . The tester ring stock which provides 
males also had the sc8Y chromosome and 
the closed ring X, X º2 , with mutants yel­
low and Bar (Xº2yB/ sc8Y ) . The expected 
offspring from this type of mating are 
yellow-Bar females and white-apricot 
males. The appearance of exceptional 
y2 wª males indicates either loss of the ring 
X chromosome from the paternal stock, 
as well as non-disjunction in males. Bar 
females and white apricot females result 
from the presence of two X chromosomes 
and a Y chromosome by non-disjunction 
in males and females, respectivcly. Yellow­
Bar males are XO males which indicate 
the loss of the maternal X chromosome. 
The ma ting system for the experiment is 
as follows : 

'i? y2 wª / y2wª x o yB / sc8Y 

y2wª / yB ( 'i? y2B/ +) 
y2wª / sc8Y ( owª) 

y2wª / y2wª / sc8Y ( 'i? w~) 

yB ( oyB) 
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Non-disjunction in ó" : fw" / yB / sc8Y, 

Non-disjunction or 

( <i1 B/ +) 

X loss in ó" : y2w 3 

RESULTS 

Experiment l. Etf ect o/ caf feine added 
to the normal nutrient o/ adults. ewly 
emerged males and virgin females were 
aged for six days in separate cultures con­
taining normal nutrient with caffeine 
added at severa! concentrations. After this 
treatment they were matcd and transfer­
red to mass culture bottles with standard 
culture medium that included sugar, agar, 
commeal and brewer's yeast. Transfers to 
f resh food bottles were made every two 
or three days, so that separate broods 
would be obtained covering a 14 day post­
treatment period. 

The results obtained are summarized in 
T able I whcre it can be seen that there 
is an increase in paternal X or Y chro­
mosome loss in the groups treated with 
caffeine. The X 2 distribution table gives 
significant P values for the caffeine con­
centrations of 0.08, 0.1 O, and 0.20% . 

There was not any noticeable difference 
between the control and the caffeine 
treated groups with regard to the non­
disjunction of sex chromosomes in both 
sexes and to chromosome loss in females. 
In all the groups such events were of re­
markably low occurrence, with a varia­
tion between 0.02-+-0.02% and 0.03± 
0.02%. 

Caffeine together with other methyl 
purines strongly inhibits the enzymatic 
dark repair of UV irradiation damage to 
DNA. This inhibition also is readily re­
versed by moderate dilution of the caf­
feine sol u tion and led Sauerbier ( 1964) 
to suggest that since it does not inhibit 
photoreactivation, caffeine suppresses the 

dark repair reaction by spccific enzymatic 
inhibition rather than by combination 
with the substrate (DNA) . It is not 
known which of the severa! steps post· 
ulated in dark repair is inhibited by caf­
fcine. I t is perhaps pertinent that the 
concentra tions of caffeine effective as 
inhibitor of purine phosphorylases ( Koch 
and Lamond, 1956), dark repair and sta­
tionary phase rnutations are similar. 

The accumlation of mutants in the 
absence of cell division has been reported 
in cells of a number of other orga nisms 
including storcd seeds, Drosophila sperm 
and Serratia (Stubbe, 1935, 1936; Blake­
slee, 1954) suggesting that stationary 
phase mutation is not limited to Esche­
richia coli. 

Novick and Szilard ( 1952 ) demon­
strated a n antimutagenic effect of certain 
natural purine ribonucleosides ( adenosine, 
guanosine and inosine) on the mutagenic 
effect of sorne N-methylxanthines (includ­
ing caffeine ) on Escherichia coli. In view 
of these data, it seems possible that the 
high concentration of RNA and nucleo­
tides in the yeast contained in the normal 
Drosophila food medium might overlay 
the mutagenicity of caffeine. On the basis 
of this consideration, the adult feeding 
treatment was repeated with a standard 
medium from which yeast was omitted. 

Experiment JI. Effect of catfeine on un­
dernourished adults. The design of the 
experiment was the same as in Experi­
ment I, ·with the following modifications. 
Prior to mating, female adults were aged 
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for six days in culture flasks containing 
standard medium without yeast to which 
caffeine was added at various concentra­
tions. After mating these females with six 
day old normally fed males, the females 
were tra nsferred to new mass culture bot­
tles containing normal nutrient. There­
after, periodic transfers were made to 
fresh food bottles in order to obtain new 
broods every two or threc day for a period 
of 19 days. 

Thc results of this experimentare shown 
in T able II. Thcre is a significant increase 
in the frequency of X or Y paterna l chro­
mosome loss in the undernourished group 
as compared with the normally fed group. 
(X 2 = 30.88, P < 0.00 l ) . However, the 
overall rate of paternal X or Y chromo­
some loss in the undernourished flies 
treated with caffeine is lower than that 
obtained in the undernourished flies nur­
tured without caffeine,. an cffect which 
is more noticeable at higher concentra­
tions where P values of X 2 are highly 
significant ( caffeine at the concentrations 
of 0.10 and 0.20%; P <0.001 ) . As in Ex-

periment I , no noticeable di fferencc was 
found among the normally fed and un­
dem ourished groups, with or without caf­
feine, when the frcquencies of paternal 
and maternal non-disjunction and mater­
nal X chromosome loss werc compared. 
Experiment III. Non-disjunction among 
the progeny of undernourished adults 
crossed with normall')' fed adults. In this 
experiment newly eclosed males and vir­
gin fcmales were undernourished in sepa­
rate cultures for 11 days a nd crossed with 
adults reared on a standard medium ( with 
or without caffeine) for 24 hours. Tables 
III and IV contain summarized results 
obtained from the two combinations of 
adult treatmcnts. As secn in Table IV, 
up to 0.20% ca ffcinc in the complete 
medium does not increase the frequency 
of non-disjunction in males crosscd with 
undernourished females. H owever, there 
is a two-fold incrcase in non-disjunction 
in males a t caffeine concentration of 
0.40% which has a ~x-~ value whose P 
value is significant at the level of 0.05. 

T A BLE JI[ 

FREQUENCY OF NON-DISJUNCTlON AMONG THE PROGENY OF 
UNDERNOURISHED MALES CROSSED WITH FEMALES FED ON 

NORMAL NUTRIENT WITH CAFFEINE ADDED 

% caffeine non-disj1mction 
in female in males 
nutrient :±: S. E. 

0.00 5/ 4,734 
0. 11 +0.05 

0.05 1/ 4,553 
0.02=::0.02 

0.10 2/4,234 
0.05:±:0.03 

0.20 3/2,033 
0.15+0.09 

p 

> 0.05 

> 0.20 

>0.30 

non-disjunction 
in fema/es 
+S.E. 

2/ 4,734 
0.04:±:0.03 

0/ 4,553 

0/ 4,234 

0/2,033 

p 
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T ABLE IV 

FREQUENCY OF NO N-DISJUNCTION AMONG THE PROGENY OF 
UNDERNOURISHED FEMALES CROSSED WITH MALES FED ON 

NORMAL NUTRIENT WITH CAFFEINE ADDED 

% caffeine non-disjunction 
in male in males 
nutrient --+-- S. E. 

0.00 2/4,205 
0.05-+-0.03 

o.os 3/ 4,683 
0.06±0.03 

0.10 1/4,660 
0.02-+-0.02 

0.20 1/ 4,228 
0.02-+-0.02 

0.40 5/ 4,440 
0.11±0.05 

p 

> 0.50 

>0.20 

> 0.30 

<0.05 

non-disjunction 
in fe ma/es 
± S.E. 

1/ 4,205 
0.02±0.02 

0/ 4,683 

0/ 4,660 

0/ 4,228 

0/ 4,440 

p 

DISCUSSION 

The feeding of newly emerged adults 
with normal nutrient and caffeine added 
a t concentrations higher than 0.08% for 
a period of six days before ma ting, gave a 
significant P value for the frequency of 
paternal ring X or Y chromosomes in the 
progenies obtained from O to 14 days after 
the treatment. No significant effect was 
reccrded for the maternal X chromosome 
loss, or for the non-d'isjunction of sex 
chromosome in bo th parents. 

Undernourishment of females before 
they were mated to normally nourished 
males significantly increased the ra te of 
paternal sex chromosome loss. The rate 
of this maternal effect d iminished when 
caffeine was given to the undernourished 
adul ts. 

In the crossing of undernourished fe­
males with males nourished with normal 
nutrient, with or without caffeine, as well 
as in the reciproca! mating, a non-signifi-

cant diminution was recorded in the pro· 
portion of non-disjunctional progeny re­
covered from males reared in low concen­
tra tions of ca:ffcine or in a n undernour­
ished medium. 

The spontancous frequency of non-dis­
juncticn obtained in males goes from 
0.05 ± 0.03% to 0.11 ± 0.05% . In females 
the same parameter had a varia tion be­
tween 0.02-+-0.02% and 0.04 ± 0.03%. 
Non disjunctional progeny were not re­
covered from a ny of the treated females 
in any experiment. 

These re~ults, which were n ::>t expected 
because they are contradictory to the data 
derived from experiments I and II, sug­
gest differences among the genetic and 
nutrient factors which influence non-dis­
junction and chromosome loss. 

H erzkowitz ( 1963) demonstrated that 
maternal undernourishment increases the 
rate of paternal chromosome loss. Since 
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the joining of the broken ends of spenn 
chromosomes is nonnally delayed until 
after fertilization, undernourishment of 
the oocyte seems to inhibit, destroy or 
lim:it sorne factor required for the joining 
of the broken ends. 

Grigg and Stuckey ( 1965) reported the 
antimutagenic effect of caffeine which re­
duced thc spontaneous mutation rate dur­
ing the stationary phase of auxotrophic 
Escherichia coli. As thc nucleotidc turn­
over associated with the repair system 
might also be the basis of spontaenous 
stationary phase mutation in Escherichia 
coli, they tested the ·idea of inhibiting the 

repair process with caffeine, thus decreas­
ing the mutation rate, probably by the 
enzymic inhibition which this compound 
exhibits during dark repa"ir. 

While in rriicroorganisms, sorne gene­
controlled systems are known which are 
capable of repairing DNA damage in­
duced by radiation of chemicals, in higher 
organ:isms the mechanisms connected with 
the formation of chromosome aberrations 
are not yct characterized in dctail. For 
such studies, whose a im is to find gene­
ccntrollcd rcpair mechanisms, Drosophila 
m elanogaster with its well-known genetics 
is a su'itable test system. 
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