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EFFECTS OF CAFFEINE ON FECUNDITY, EGG LAYING
CAPACITY, DEVELOPMENT TIME AND LONGEVITY IN
Drosophila prosaltans

Mary Massumi Itoyama and Hermione Elly Melara de Campos Bicudo

ABSTRACT

In Drosophila prosaltans rcared on culture medium with cafleine (50 pg/ml, 100 pg/ml, 1000 pg/ml
-and 1500 pg/ml), fecundity decreased with increasing dosage. Othicr effects were (a) an approximately one day
increase in development lime of flies at 1000 and 1500 pg/ml, (b) a decrease of cgg laying capacity, with
increasing dosage and (c) a decrease of longevity when virgin males and females or mated males were analyzed.
Mated trcated females, however showed, in most cxperiments, greater longevity than the controls, thus

suggesting a benefit of the partial blockage of reproduction caused by caffeine.

INTRODUCTION

Caffeine (1,3,7-trimetilxantine, CgH11N4O2) is a stimulator of the central
nervous system largely consumed by man in coffee, tea and a variety of medicinal
products. It is produced by the enzymatic conversion of xantine (Timson, 1977). Only 1
to 3% of ingested caffeine is excreted in urine in unchanged form; most is N-demetilated
at positions 7 and 3, yielding 1-metilxantine (1-MX), dimetiluric acid (7-MX),
1,7-dimetilxantine (1,7-MX) and dimetiluric acids (1,7-MU) (Scott et al., 1988).

~ Prejudicial effects of caffeine have been demonstrated in several studied. For
example malformations have been found in the rat (Bertrand et al., 1965, Smith et al.,
1987), in Biomphalaria glabrata (Kawano and Simdes, 1987), in Arbacia puncutulata
(Druckrey and Schreiber, 1938) in Telmatoscopus albipunctatus (Sehgal et al., 1977) and
in Drosophila melanogaster (Sehgal and Simdes, 1976). A significant departure from the
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1:1 sex-ratio in the chinese hamster, favoring females, has also been described
(Weathersbee, 1975). Besides malformations, embryonic death was induced in mice
(Nishimura and Nakai, 1960, in Timson, 1977).

Caffeine apparently inhibits different processes of DNA repair (MacPhee and
Leyden, 1985; Sasaki et al., 1989). In Escherichia coli, caffeine has been found to be a
mutagen of the frameshift type (Clarke and Wade, 1973 in MacPhee and Leyden, 1985),
but in Salmonella typhimurium it was found to block mutations due to base pair
replacement by ultraviolet rays (MacPhee and Leyden, 1985).

Caffeine affects DNA synthesis (Chaudhuri and Ghosh, 1982), reduces the
frequency of simple and double crossing-over (Loprieno et al., 1974), and reduces the
frequency of chromatid exchanges (Okoyama and Kitao, 1981). Chromatidic and
chromosomal aberrations (De Marco and Polani, 1981, in D. melanogaster and
Hernandez et al., 1986, in Allium cepa, respectively) were also caused by treatment with
caffeine. Also, some studies have shown that caffeine acts to reinforce the effect of
physical and chemical mutagenic agents (ex. Dulout et al., 1981; Kihlman et al., 1982).

Caffeine inhibits cytokinesis (La Pena et al., 1981; Espino and Vasquez, 1981)
as well as the enzymatic activity of DNA polymerase (Balachandran and Srinivasan,
1982), phosphorilase (Kihlman and Overgard-Hansen, 1955), and phosphodiesterases
(Sutherland and Rall, 1958 in Léger, 1985; Yokogoshi e? al., 1987).

A possible effect of caffeine on human reproduction decreasing fertility, was
also discussed by Wilcox et al., 1988 and Joesoef et al., 1990 but their results conflict.

In the present study the effect of caffeine on reproductive performance,
longevity and development time was analyzed in D. prosaltans.

MATERIALS AND METHODS

The strain of D. prosaltans (saltans subgroup, saltans group) used in this study
was from Sangre Grande, Trinidad. It has no heterozygous inversions, according to
studies of chromosomal polymorphism (Bicudo, 1973; Bicudo et al., 1978).

The stocks of flies were maintained at 20°C + 1°C, on banana-agar culture
medium. Four different concentrations of caffeine were added: 50 (to medium); 100 (t1
medium); 1000 (t2 medium); and 1500 pg/ml (t3 medium). These caffeine dosages were
chosen on the basis of a preliminary experiment, using techniques described by
Bournias-Vardiabasis and Teplitz (1982) for determining LD50. Two thousand pg/ml of
caffeine was found to be a lethal concentration for 50% of the adult flies after two days
and for 100% after four days. Twenty-four crosses of five couples each were prepared
using the same caffeine concentration. Only ten crosses yielded adult progeny. Among
the 14 crosses which did not produce adult progeny, 11 produced larvae, showing that
this dosage also strongly affects the larval stage. On the basis of these results, dosages
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corresponding to 50% (1000 pg/ml) and to 5% (100 pg/ml) of the LDS50 were initially
used in this study. Concentrations corresponding to 75% (1500 pg/ml) and to 2.5% (50
pg/ml) were also included in the experiments. The caffeine was dissolved in hot distilled
water at a proportion of 1 g/5.5 ml of distilled water (data obtained from the Merck Index)
and mixed in hot culture medium before being distributed in the vials.

Two groups of experiments were prepared. In the first group, the control (C), t1
and t2 culture media were used, while the second group of experiments involved the C,
to and t3 culture media. In both groups the procedure was the same: virgin seven day old
male and female flies were put into 30 bottles (10 couples per bottle) for each experiment,
totalizing 600 couples for each group.

Virgin six day old flies produced in the two groups of experiments were
collected and crossed in tubes, 20 tubes for each of the following experiments:

GROUP1

A - Flies produced in the C medium, transferred:
1. to the C medium; 2. to the t; medium; 3. to the t2 medium.

B - Flies produced in the t; medium, transferred:
4. to the C medium; 5. to the t; medium, 6. to the t2 medium.

C - Flies produced in the t2 medium, transferred:
7. to the C medium; 8. to the t; medium, 9. to the t2 medium.

GROUP2

A - Flies produced in the C medium, transferred:
1. to the C medium; 2. to the to medium,; 3. to the t3 medium.

B - Flies produced in the t3 medium, transferred:
4. to the to medium.

C - Flies produced in the to medium, transferred:
5. to the t3 medium.

A total of 260 crosses were prepared in the 14 experiments. They were
transferred three times to new medium, at three day intervals. The descendants were
computed daily, separately by sex, as they were being produced.
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In the study of caffeine effects on development time, virgin, six day old flies
were put into five bottles (100 couples each), containing the C, to, t1, t2 and t3 culture
media. Thirty-six hours later the flies were transferred to population cages (Bicudo and
Richardson, 1978) with Petri dishes having the same type of medium as in the bottles. In
the two days preceeding the introduction of the flies into the population cages, the Petri
dishes were changed twice a day: at 10 and 16 hours. The Petri dishes were maintained
at 20°C * 1°C. When the larvae started to eclode, those produced during one hour were
collected as described in Bicudo and Richardson (1978) and put into tubes (10 larvae
each) containing the same culture media as the population cages and bottles in which
they and their parents were produced. A total of 100 larvae from each type of culture
medium were collected and their development followed, daily till the complete
emergence of adults. Males and females produced were also counted daily.

For studying the effect of calfeine on longevity, virgin, six day old flies were
collected from the stocks and put into 50 bottles (10 couples each), divided into five
groups of 10 bottles. Each of these groups contained one of the C, to, ti, t2 and t3 culture
media. Virgin, 6 day old flies produced in these bottles were collected and 10 couples
placed in each bottle, as in the study of productivity. Thus 130 bottles were prepared, 10
of each of the following types: C = C,C — tp,C = t{,C = t2,C > t3,t1 = C,t1 — ti,
ty = ta,t0 = C ta2 = 11,12 = ta, to — {3, t3 — to.

Flies recently emerged in these bottles were collected and 16 females or 16
males, separately, or eight couples were introduced into vials containing the same type
of culture medium on which the flies were produced. For each type of experiment, seven
tubes with females, seven tubes with males and six tubes with couples were prepared,
totaling 360 flies (112 females, 112 males and 48 couples in each type of experiment) in
the 20 tubes. In the 13 experiments 41060 flie$ in 260 tubes were used. The flies were
transferred every week to new culture medium till all had died.

In order to test a possible effect of caffeine on oviposition, virgin, seven day old
flies from the stocks were put into 50 bottles (10 couples each), 10 bottles with each type
of culture medium: C, to, t1, t2 and (3. Virgin, six day old flies produced on the five types
of medium were put into bottles (100 couples each) containing the same type of medium
on which they were produced. Forty-eight hours later, these flies were transferred to
population cages containing Petri dishes with the same culture medium. The Petri dishes
were taken out of the cages 12 hours later and the eggs counted under the microscope.
Another experiment was done using control flies, which were put into population cages
having the four types of medium.

For testing the preference for medium with or without caffeine, virgin, six day
old flies from the stocks were collected and 500 couples put into five bottles containing
C medium, 100 in each bottle. Forty-eight hours later, the flies were transferred to five
populations cages with two Petri dishes, both containing the C medium or one containing
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the C medium and the other, to or t; or 12 or t3. Twelve hours later the eggs in the Petri
dishes were counted. In each experiment care was taken to provide homogeneous
illumination around the population cages.

The caffeine used was Anhydrous, P.A. (1,3,7-trimetilxantina) - Reagen -
Quimibras Industrias Quimicas S.A., Brazilian Industry.

RESULTS

The effect of caffeine on the number of progeny in the first group, involving the
C, t1 and t2 media, is given in Table I. Control productivity was invariably greater than
that of flies reared on caffeine.

Total progeny was lowest in the first vials in which the parent flies were
contained, from the first to the third days, after mating (six to eight day old flies), greatest
in the third vials, from the seventh to the ninth days (12 to 14 day old flies), and
intermediate in the fourth vials, from the tenth to the twelfth days (15 to 17 day old flies).
However, analyzing separately the experiments, three exceptions were found:
experiments t; — t2 and t2 — t2 where productivity was almost equal in the third and in
fourth vials, and experiment t2 — C, whose productivity was greatest in the fourth vials.
There also was little productivity in the first vials of experiments t; — C,t; — tyand t;
- 2.

T test values showed no significant difference in the productivity of the sexes.
Comparison of Fj females, males and their sum among the nine experiments in the group
showed significant values (at P < 0.01) for differences in the sexes and their sum between
the control and each experiment using caffeine. For females, no other difference was
significant. For males, the comparisons t; — t2 versus C — ti, t; = t, t2 = C, t2 = t1
and t2 — tz were also significant. In the comparison of the totals, another significant
difference was found in t; — t2 versus C — t].

Data on productivity of the second group of experiments are given in Table II.
In this group the productivity of the controls was also greater than that of all experiments
using caffeine. Also in this group, total productivity was smallest in the first vials, but
greatest productivities occurred in the fourth vials, that is, 10 to 12 days after preparing
the crosses. This might be due to the lower temperature at the time of preparing this group
of experiments. Although the experiments were maintained in constant temperature
chambers, manipulation (counting, transference to new vials, etc.) was done at room
temperature.

Also in this group no significant difference was found in productivity between
males and females. But comparison of the different experiments for productivity of
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females, males and their sum with the control gave significant t values, except C — to.
Also significant were the differences of female productivity between experiments C —
to and C — t3, and between experiments C — tg and to — t3, and differences of male
productivity in the comparisons C — tg versus C — t3 and to — t3, and t3 — to versus to
— 13. The results of comparing the sums were the same as obtained in the comparison of
males.

The study of the effect of caffeine on development time showed no difference
in the larval stage reared on C, to and t; media. Larvae from t2 and t3 media, however,
showed slower development when compared to the other media. This difference
remained as development continued. At the eleventh day only pupae were visible in tubes
with C, to and t; media, while in the vials with t2 and t3 media, larvae were still
predominant.

Further stages of development in media t; and t3 were delayed in relation to
those in C, to and t1. As shown in Figure 1, in general, the distributions of flies reared on
C, to and t; media were more similar to each other than with those of t; and t3, which in
turn were more similar to each other. The imagos began to emerge on day 20 in C, tg and
t1 media and continued till the 24th and 25th days. In all experiments only males were
produced on the last day of emergence, while on the first day only females were obtained
in the control, and both males and females in the media containing caffeine. The
distributional mode was, respectively, 21 and 22 days for the two groups of media (C, to,
t1 and t2 and t3).

No malformations were observed in the progeny of flies treated with caffeine
in this study.

Data on the effect of caffeine on longevity are presented in Table III. Both virgin
treated females and males had shorter lifespans than the respective controls. In every
case, except t3 — to mean female longevity was greater than that of males.

Mean longevities of mated males and females are also given in Table III.

The t values for comparison of mean longevities of mated males and females,
in each experiment, were significant in the control and in six of the experiments with
caffeine. Male longevities were greater than those of females.

For mated females, the controls lived significantly longer in five of the 12 cases,
involving t; = C,t2 = C, t2 = t1,t3 = to and t; — ;. In C — t3 the control had a
significantly shorter lifespan.

Comparisons of mean longevities of mated males from the experiments using
caffeine with that of control males showed only two significant t values, involving C —
to and to — t3. In both cases, mean longevity of mated control males was greater than
those of mated males from the treated experiments. Of the 66 comparisons involving
experiments using caffeine, the mean longevity of mated males showed significant
differences in 29.
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Figure 1 - Distribution of cmergence of imagos in the mediums C, to, ti, t2 and t3.

Comparing the mean longevity of virgin females with that of mated females, in
each experiment, significant differences were found in C —- C,C — ty, C — t3,t20 = C
and tp — t;. The same comparison involving virgin and mated treated males gave
significant differences inC = C,C — to,C = t1,C = t2,t1 = t2,t2 = Cand t2 — t2.
Thus, significant differences were found for both sexes in experiments C — C, C — tg
and t — C (Table IV).

Figures 2 and 3 show the longevity distributions {or virgin and mated males and
females in the experiments involving flies from control transferred to media with caffeine.
The most evident feature observed in treated virgin or mated flies compared to the
controls is the shortening of the distribution accompanied by a decrease in the number
of peaks of the curve denoting, respectively, a decrease of longevity and an increase in
uniformity of the longevity of treated flies.
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Table IV - Egg laying capacity of control flies transferred to population cages with two Petri dishes, both

containing one of the different culture mediums.

Number of eggs in the mediums

Petri
dishes C to t1 t2 t3
306 382 264 235 49
2 421 185 258 150 43
Total 727 567 522 385 92

Table IV shows egg laying capacity of flies grown on the control culture medium
and put into population cages with two Petri dishes, both with the same culture medium.
Egg laying capacity was smaller in the treated media than in the control. The degree of
decrease followed the concentration of caffeine. The decrease relative to the control was
about 22% in to, 28% in t1,47% in t2 and 87% in t3.

Tests for preference using the control and one other culture medium in each
population cage and flies grown on control medium (Table V) showed that flies
apparently prefer to lay eggs in media with caffeine, since the number of eggs was greater
in these than in the control. However, a decrease in the number of eggs was found as
caffeine concentration increased. This decrease was also observed in the Petri dish
containing the C culture medium in the same cages.

Table V - Egg laying capacity of control flies transferred to population cages containing 2 Petri dishes with
control medium or 1 Petri dish with control medium (Petri dish 1) and other containing medium with caffeine
(Petri dish 2).

Number of eggs in the Petri dishes

Population
cages 1 2 Total
1 C - 1000 C- 303 1303
2 C- 386 to- 597 983
3 C- 151 t1- 397 548
4 C- 278 t2- 373 651
5 C- 15 t3- 99 114
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The experiments using flies grown on different media and transferred to the C
culture medium (Table VI) showed that treated females lay less eggs than the control.
The number of eggs became smaller as the concentration of caffeine in the medium on
which the females were reared increased. The decrease relative to the control was about
75% int3, 53% int2, 37% in t1 and 19% in to.

Tabela VI - Egg laying capacity of females reared in different mediums and transferred to population cages
containing 2 Petri dishes with control culture medium.

Petri dishes Number of eggs of females grown in the 5 mediums
with control
medium C to t1 t2 3
767 533 260 316 268
2 582 566 590 314 74
Total 1349 1099 850 630 342
DISCUSSION

Using culture media to, t1, t2 and t3, with caffeine concentrations respectively
equal to 50, 100, 1000 and 1500 pg/ml, productivity (number of progeny) of treated flies
was significantly smaller than that of the control. This was observed in every experiment
except C — to. ‘

The productivity observedin C — C,C — tg, C = t1,C — t2 and C — t3 was
negatively correlated with the concentration of caffeine in the culture medium.
Additionally, when flies were transferred from a greater to a lesser concentration of
caffeine, productivity increased. The opposite was also true (for example t2 — C versus
C — ta,t2 — t1 versus t; — t2 and t3 — to versus to — t3). A single exception was found
involving t; — C versus C — t;.

Two of the 34 comparisons of the number of female progeny reared on caffeine
showed significant differences, while the same comparison for male progeny showed
eight significant differences. This may indicate that male progeny is more impaired by
caffeine than female, reinforcing data in the literature showing greater sensibility of males
to adverse environmental conditions.

In spite of the inverse relationship between productivity and caffeine
concentration, variations in productivity did not follow, in magnitude, variations of
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caffeine concentration. Probably phenomena such as resistance and variations in amount
of ingested medium (and, consequently, ingested caffeine dosage) are involved.

Resistance to mutagenic and toxic agents has been described in several
organisms (for example, radioresistance in Drosophila - Nothel and Abdalla, 1982;
resistance to caffeine in mice - Petersen, 1969 and resistance to caffeine in Saccharomyces
cerevisiae - Bard et al., 1980). In every case, resistance was found to be under genetic
control. A temporary tolerance to caffeine relative to a behavioral effect has also been
described in rats treated daily. Complete sensibility returned two or three weeks after
stopping the treatment (Holtzman and Finn, 1988).

How can the productivity decrease induced by caffeine in D. prosaltans be
explained? Caffeine decreases the number of functional tubes in the testes of mice and
affects spermatogenesis, as shown by Petersen (1969). However, in progeny of crosses
involving strains C57BL x C3H, the same author found no sperm anomaly. In rabbits,
Stieves (1928, in Timson, 1977) also found that doses above 0.15 g per Kg of body weight,
given daily, caused retrogressive changes in gonads and even complete sterility. In the
Chinese hamster Weathesbee et al. (1975) showed that sensibility of ovaries to caffeine
is greater than that of testes. Doses lower than those which cause gonad atrophy have
effects on reproduction. Changes in the sex ratio, with a significant increase in female
progeny, were also found in that study. Ovary malformations and female sterility were
also caused when eggs and larvae of D. melanogaster were treated with caffeine (Sehgal
and Simdes, 1976).

In the present study we found that caffeine affects oviposition. When mated
females reared in the C medium were allowed to oviposit during 12 hours in media with
caffeine, the number of eggs deposited decreased with increased caffeine concentration.
Flies reared in media with caffeine also had decreased oviposition in the C medium. Such
a decrease was also greater as caffeine concentration in the medium increased.

A decrease in oviposition was also found in choice tests which showed that flies
from C medium prefer to lay eggs in caffeine medium, when both C and treated media
are available in a population cage. The decrease occurred in both the treated and C media
in every test, and was greater with increased caffeine concentration.

Heppner et al. (1986) found that rats prefered caffeine solution at a low
concentration to water. Preference for caffeine solution at a higher concentration was
obtained after 14 days of forced ingestion of relatively high caffeine dosages (Vitiello
and Woods, 1975).

Flies in our preference tests were from C medium and, thus, they had no anterior
experience of caffeine ingestion.

According to Bouletrean-Merle (1973, in Ashburmer and Wright, 1980) mated
flies lay eggs rapidly and if well fed continue to produce new follicles at a rate equal to
the rate of egg laying, while virgin females retain their mature eggs and do not begin to
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lay in significant numbers till the S5th or 7th days. In these flies the rate of follicle
production is delayed. On the basis of these data we suppose that the caffeine media are
atractive for the flies. Ingested caffeine blocks the production of new follicles, causing a
delay or decrease in oviposition.

The failure of production of new follicles might be caused by a disturbance in
DNA duplication and repair, mentioned frequently in the literature (for example,
MacPhee and Leyden, 1985).

Several studies in vertebrates (including rats and humans) have been performed
in order to detect the effect on development of maternal ingestion of caffeine. Effects
found include a decrease of placental, fetal body and brain weights (Tanaka et al., 1987),
delayed fetal development involving both sexes, and a decreased rate of subsequent
development and high mortality at birth (Pollard ez al., 1987).

In the present study development time was also affected by caffeine at
concentrations of 1000 pg/ml (t2 medium) and 1500 pg/ml (t3 medium). Flies produced
in these media had development delayed by one day when compared to flies produced
in C, to (50 pg caffeine/ml) and t1 (100 pg caffeine/ml) media.

The mean longevity of virgin flies of both sexes treated with caffeine was
significatively shorter than that of the control. However the decrease was not correlated
with caffeine concentration.

The mean longevity of virgin males and females in the control medium did not
differ significantly, but in seven of 12 experiments involving virgin treated flies the mean
differed significantly between sexes; in six of the seven cases the mean longevity of
females was higher than that of males. This observation is possibly related to the fact that
Drosophila males are more sensitive than females to harmful environmental conditions.

In Cmedium reproduction decreased mean longevity of both sexes, but affected
females more strongly. Corradi (1979) also found that the mortality of Drosophila hydei
mated females was greater than that of mated males, while the mortality of virgin males
was greater than that of virgin females.

Caffeine generally increased the mean longevity of mated females. We suppose
that blockage of ovogenesis by caffeine could result in an energy economy that would
benefit mated females. Maynard Smith (1958) found Drosophila females without ovaries
or rendered sterile by high temperature lived longer than inseminated females allowed
to lay eggs. Females sterilized with radiation gave similar results (Lamb, 1964).

Thus caffeine affects fecundity, egg laying capacity, development time and
longevity of D. prosaltans. Since the capacity to convert xenobiotics in Drosophila seems
to be similar to that in mammals (Foerster and Wurgler, 1984), the results obtained may
be useful for a better understanding of caffeine effects in man.
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RESUMO

Quatro concentragdes de cafeina (o = 50 pg/ml, t1 = 100 pg/ml, t3 = 1500 pg/ml) foram
administradas, no meio de cultura, a Drosophila prosalians, objctivando detectar possiveis efcitos sobre a
fecundidade, a oviposigdo, a longevidade dos adullos e a velocidade do desenvolvimento ovo-adulto. Os
resultados mostraram (a) redugdo da fecundidade em todas as concentragdes, numa relagao dircta dose-efeito,
(b) aumento em um dia do tempo de desenvolvimento nas concentragdes 1000 ¢ 1500 pg/ml, (c) redugio da
oviposigio, também em relagio direta a concentragio de cafcina no meio e (d) redugao da longevidade das
fémeas e machos virgens ¢ dos machos cruzados. As fémeas cruzadas, tratadas, mostraram, na maioria dos
cxperimentos, maior longevidade que o controle, sugerindo um certo beneficio do bloqueio parcial da

oviposigao, causado pela caleina.
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