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Bbisogpl. [ToMHMO JIerOYHBIX PELEIITOPOB PacCTSHKEHMS,
HHHEPBUPYEMBIX BOJIOKHAME TPYINH A, CYHIECTBYIOT nerou-
Hble PEIEeNTOPhl, HHHCPBHMpyeMble BOJIOKHAMM rpynmol C,
OKa3bIBaKOLIME MOCTOSTHHOE TOHUYECKOE BIMSIHHE HA AbIXATe b~
Hbifi 1eHTp. HexkoTophie XuMHYECKHE BelLEeCTBA (BepaTpHH,
GenuIIUryann)) yBeIMuMBaT aKTHBHOCTb OTHX PCLIENTOPOB.
Takoe ke JciicTBUC HA HAX OKA3BIBAIOT BOCIIAJEHHE U OTEK

Effect of Light and Dark Pulses on the Emergence
Rhythm of Drosophila pseudoobscura

On the basis of studies on the petal movement of
Kalanchoe flowers?, it was suggested that light periods
induce an optimal rhythm if the ‘off-rhythm’ (rhythm
which is initiated by the transition from light to darkness)
falls together with the ‘on-rhythm’ (rhythm which is
initiated by the transition from darkness to light) in such
a way that an off-maximum occurs at the same time as
an on-maximum. This is schematically diagrammed in
Figure 1. The superposition of an on- and off-rhythm
would explain the fact that at certain day-lengths andjor
night-lengths the petal movement reaches high ampli-
tudes. It could further be a basis of time measurement in
photoperiodism.

We tested this hypothesis in the case of the emergence
rthythm of Drosophila pseudoobscura. D. pseudoobscura has
the advantage of being well studied in regard to its emer-
gence rthythm?, and in contrast to Kalanchoe can be kept
under continuous darkness (DD) during the whole de-
velopment. At the time of emergence the cultures are ex-
posed to single steps (LL-DD, DD-L.L), which alrcady
results in a rhythmic pattern of emergence, or to single
pulses (light period pulse LP, dark period pulse DD).
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Fig. 1. Superposition of an on- and off-rhythm in the petal movement

of Kalanchoe blossfeldiana. (a) Initiation of an on-rhythm by a single

dark-light step; (b) initiation of an off-rhythm by a single light-dark

step; (c) superposition of an on- and off-rhythm by a dark-light step

followed by a light-dark step 9 h later. In this case the first maximum

of the off-rhythm falls together with the second maximum of the
on-rhythm (27.5-18.2 2~ 9 h).
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Since a pulse contains both a light-on as well as a light-off
signal, the question arises whether the observed results
of pulsc experiments are explainable in terms of the re-
sults of single step experiments.

A stock of D. pseudoobscura was kindly supplied by
C. S. PrrreNDRIGH and reared in the usual way. At 20°C
under I.L or DD conditions the flies start to cmerge after
about 3 wecks and continue to emerge in a random
fashion. If, however, the DD-cultures are transferred to
I.L (300 lux fluorescence tube light), a periodic emergence
is induced and peaks occur at 1, 20, 50, 75, and 100 h after
transfer until the rhythm fades away and again emcrgence
becomes random (Figure 2). A periodic emergence is also
achieved if LL-cultures are transferred to DD. In this
casc peaks occur 12, 39, 64, 89, and 111 h after transfer.
Synchronization is sharper and longer maintained (Fi-
gure 2 below).

If both steps are combined in a single DP- or L.P-pulse,
the emergence distribution depends on the length of the
pulse and the kind of pulse. Examplcs are given for 12
and 18 h DP and LP (Figure 3). Further results are
shown in Iiigure 4, in which the DI was varied from 1 h
up to 33 h and the LP from 3 h up to 39 h. Only the
emergence distribution between 50 and 75 h after the
start of the DP and between 40 and 65 h after the start

0 20 40 §0 80 m 120

Fig. 2. Emergence rhythm in Drosophila pseudoobscura after transfer

from continuous darkness to continuous light {above} and after

transfer from continuous light to continuous darkness (below).

Transfer at zero h. Abscissa: h after transfer. Ordinate: 9% of emerged
flies (100% = sum of all flies between 2 minima).
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of the LP are shown, since earlier and later peaks are less
pronounced. Arrows indicate the calculated median of
the emergence distribution, and bars indicate the per-
centage of flies emerged per time interval. The position
of on- and off-peaks of single steps are shown as broken
lines parallel to the start and end of the pulses. Also
shown are the variances of the distributions. They are sig-
nificantly different from the variance of the off-distribu-
tion at the 19, level, if they do not lie between the verti-
cal broken lines (F-test).

We conclude from these results that the observed
emergence distribution of pulse experiments are indeed
explainable as superpositions of an on- and off-rhythm,
which is initiated by the transition from darkness to light
and from light to darkness. The peaks of the pulse syn-
chronizations lie between or at the lines representing the
position of on- and off-peaks (Figure 4), switching from
‘delay’ to ‘advance’, if the interval between an on- and off-
peak becomes too large (compare 21 h-DP and 27 h-
DP and -LP in Figure 4). If 1 peak lies in the middle of
2 others, 2 peaks appear or the rhythm disappears com-
pletely (24 h-DP and -LP in Figure 4). The variance as a
measure for the synchronization of emergence demon-
strates this even better. At pulse lengths, where on- and
off-peaks fall together (e.g. 9 and 36 h-DP, Figure 4) the
variance is low (high synchronization of emergence). At
pulse lengths where on- and off-peaks fall between each
other (e.g. 24 h-DP and -LP, Figure 4), the variance of
the emergence distribution is high (weak synchroniza-
tion). In intermediate cases the variance is not signifi-
cantly different from the variance of single step emergence
distributions (Figure 4, variances plotted against pulse
length).

Taxkimoro and HAMNER? came to similar conclusions
in the case of the photoperiodic flower response of the
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Fig. 3. Examples of emergence rhythms exhibited by a single 12 h-
DP, 18 h-DP, 12 h-LP, and 18 h-LP. At 0 h start of DP or LP.
Otherwise as in Figure 2.

3 The data for the calculation of the variance of short light periods
(5 min) are from H. W. HoNEGGER, unpublished.
4 A. Takimoro and K. C. HAMNER, Plant Physiol. 40, 852 (1965).
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Fig. 4. Emergence rhythm between 45 and 75 h after start
of DP’s of various lengths (left) and LP of various lengths
(right). Black bars = %, of emerged flies. Arrows = position
of the calculated median. Broken lines = position of the
medians of single on- or off-emergence peaks, parallel to the
transition. Also shown are the variances s? = X (x — X)?/
n — 1 as a measure for the synchronization of the emergence
distribution. All points outside of the vertical broken lines
are significantly different at the 19, level from the variance
of the off-emergence distribution. Also shown is the variance
of emergence of a very short LP3 The broken vertical line
in the left figure is the position of the 3rd off — maximum,
the inclined one that of the 3rd on.
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short day plant Pharbitis nil. The onset of light as well as
the onset of darkness induce rhythmic sensitivities to red
light. Only the on-rhythm shows in addition to this a
rhythmic sensitivity to the length of the dark period,
leading to a step-wise increase in flowering with variable
dark period lengths. They conclude, therefore, that
on- and off-rhythms are physiologically different. In our
department investigations are under progress to charac-
terize the on- and off-rhythms of D. pseudoobscura and
to find out whether the two rhythms are qualitatively
different5.

The validity of the on- and off-rhythm concept is
further stressed by experiments on Drosophila emergence,
in which more complicated programmes such as repeated
cycles of pulses are given. Even in this case the experi-
mental results are in fairly good agreement with the pre-
dictions of superimposed on- and off-rhythms®. Another
point which is under investigation and will be published
elsewhere should be mentioned: short light periods
(2.5 min) still contain the information of both the on- and
off-signal?. An important paper by WEVERS® will be dis-
cussed in respect to this work and to similar experiments
on the petal movement of Kalanchoe in another place.?

Electrolyte Content of the Cerebral Cortex in
Developing Rats after Prenatal X-Radiation?

Prenatal X-radiation alters the functional development
of the central nervous system (CNS) as shown by en-
hanced appearance of the maximal seizure pattern?, by
abnormal electrocorticograms and encephalograms3-4, in-
creased susceptibility to spontaneous® and audiogenic®
seizures. These effects of prenatal X-radiation may reflect
anatomical, neurochemical, and physiological changes
during CNS development.

In view of the role of the ionic environment in the de-
velopment of CNS activity, the present study was
designed to investigate electrolyte content in the cerebral
cortex of rats irradiated in utero.

At 14 days of gestation, pregnant rats were exposed to
a single dose of 100 r whole body X-radiation at a rate
of 19 r/min. A 180 kV 15 mA X-ray machine was used.
The filters were 0.5 mm Cu and 1.0 mm Al The animals
were placed in individual open-ended lucite cylinders ro-
tated on a movable table 59 cm from the X-ray source.
A Victoreen R-meter was used for dose calibrations. As
controls, pregnant rats sham-irradiated at 14 days of
gestation were used.

Litters of 6 rats were used. 2 rats from each litter were
sacrificed by decapitation at 9, 23, and 44 days after
birth. Samples of cerebral cortex from 8 controls and 8
irradiated animals were used for determinations of Na, K,
and Cl content. Cerebral cortex samples were dried at
105°C to constant weight, and water content was calcu-
lated from the difference in wet and dry weights. The
dried tissue was ground, extracted in 1N HNO, for 48 h
at 56°C, and Na and K contents were determined with a
Li internal standard flame photometer. Cl was measured
by the electrometric titration method of CoTLOVE et al.”.
To determine significance of differences between cont-ol
and irradiated rats, the # test for non-paired data w.s
applied®.

Water content decreased with age in both controls and
irradiated animals; differences were not observed be-
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Zusammenfassung. Bei Drosophila pseudoobscura syn-
chronisiert ein einmaliger Ubergang von Dauerdunkel zu
Dauerlicht und von Dauerlicht zu Dauerdunkel das
Schliipfen der Fliegen aus dem Puparium (Figur 2). Die
Ergebnisse von Licht-Puls- und Dunkel-Puls-Experi-
menten lassen sich als Uberlagerung solcher einfachen
Stufeneffekte erkliren.
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tween the 2 experimental groups at any age period
studied (Figure).

In control animals, K progressively increased and Na
and Cl contents progressively decreased with age. This is
in agreement with other studies by VERNADAKIS and
WoobpBUrY?. In irradiated animals, K content remained
generally constant with age, except at 9 days where it was
significantly higher than in controls. Na and Cl contents
progressively decreased with age. At days 23 and 44 these
ions were significantly lower in the irradiated than those
in appropriate controls, whereas at 9 days significant dif-
ferences were not observed.

The changes induced by prenatal X-radiation on elec-
trolyte content cannot be attributed to water changes
between control and irradiated animals, but rather reflect
changes in cellular brain compartments. Brizzee and
JacoBs!® have shown that the glial index (number of glia
divided by number of neurons) increases with age.
VERNADAKIS and WooDBURY ! have reported that during
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