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Oxygen Uptake Rhythms in a Cockroach
Gauged by Variance Spectra

Physiological rhythms with several different frequencies
often characterize the same set of measurements made asa
function of time. With sufficient data available, such fre-
quencies can be concomitantly and objectively evaluated
by variance spectra®-¢. By the same procedure, the statis-
tical significance of components thus detected can alsc be
estimated. Herein we illustrate with a pooled variance
spectrum (Figure), rhythms in oxygen consumption de-
termined by standard Warburg manometry on unselected
adult male American cockroaches, Periplaneta amevicana
(L),

This work was prompted by ground-studies of Durky,
SULLIVAN, SCHECHTER et al. aimed at a biosatellite experi-
ment involving the telemetering of circadian (about 24h)
rhythms in motor activity and in muscle potentials from
another species of cockroach, namely Leucophaea maderae
(F.}®. Circadian rhythms stood out clearly in their illustra-
tive data but the added question arose as to spectral com-
ponents with higher frequency in time series from cock-
roaches and it seemed to deserve study prior to the use of
this species as a biosensor in extraterrestrial space.

There is much earlier information on circadian rhythms
in cackroaches®-1', and as background to the present
work a study by Janpa and MRrciax can be cited 12, These
authors noted in 1957 that the activity rhythm is paral-
leled by changes in oxygen consumption in cockroaches,
in keeping with reports on the same two rhythms in
rodents 13-4,

The present work was done at three environmental tem-
peratures {18, 24 or 30°C) on cockroaches exposed to con-
stant light as well as to a regimen of 12 h of light alternat-
ing with 12 h of darkness. It was decided a priori that
irrespective of the ‘regularity’ of the data, all series com-
parable in terms of temperature and lighting be pooled
for the analysis of rhythms in oxygen consumption.
Rhythms were explored by periodograms® as well as
variance spectra in a broad domain ranging from circadian
to much higher frequencies. The domain analyzed in the
Figure extends from 40 min (0.67 h) to over 48 h.

In spectral analysis, resolution depends upon the num-
ber of lags at which the first (autocorrelation) transforma-
tion of the data is stopped, this number being designated
by m®4. As m is increased greater resolution is gained,
though at the expense of statistical stability*-4. The spec-
tra in the left half of the Figure, with s = 36, reveal a
component with a period of about 3.4 h. This component
can be said to be less prominent than the circadian one.
The estimate of the latter is confounded by trends, being
located as the second point from the low frequency {long
period) end of the spectrum.

The spectra at the bottom of the Figure have a loga-
rithmic ordinate, in lieu of the linear scale in the plots on
top. In the spectra on top of the Figure, but not at the
bottom, the areas under a curve {drawn to connect the
tops of adjacent columns of X’'s) estimate the variance
per unit frequency. In the plots at the bottom, spectral
estimates are represented by asterisks; the lengths of the
X’d columns above and below each asterisk denote the
95%, and 59, confidence limits. It can be seen that a so-
called ultradian component?®, of about 3.4 h, stands out
significantly above the general level of the spectrum, as
does perhaps also another component with a period of
about 0.86 h.

The impression from spectra computed with m = 36, on
the left of the Figure, is supported by an analysis of the
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same data with higher resolution (m = 72). The circadian
component in the latter spectra, on the right in the Figure,
is now the third point from the low frequency end. This
resolution does not suffice to discuss the question whether
the circadian component had an average period of exactly
24 h or, as would appear from the inspection of plots, a
so-called free-running, non-24-h period?’. However, spec-
tra such as those in the Figure suffice to suggest that
rhythms with a frequency higher than circadian also
characterize the oxygen consumption of the cockroaches
studied. Ultradian rhythms with periods of about 3.5 h
actually represent wobbling frequencies and stand out as
broad bands in the spectrum. Such relatively high-fre-
quency changes have long been known from the inspection
of various physiologic records {e.g. of gross motor activity
in rodents) but they are difficult to quantify by the naked
eye. Pooled variance spectra have revealed these broad
bands in time series on several functions, ranging from
telemetered interscapular rodent temperatures to steroid
levels in peripheral human blood or in canine adrenal
venous effluent 18,

The so-called ultradian band® with periods in the neigh-
borhood of 3 or 4 h, and also a band with a period of about
0.8 or 0.9 h, were detected not only in the data sum-
marized by the Figure on cockroaches studied at 30°C in
constant light but also in spectra of cockroaches kept at
temperatures of 24 or 18°C. Interpretation of the band
near the high-frequency end of the spectrum is compli-
cated, however, by aliasing, as discussed elsewhere?.

Bands in the variance spectrum indicative of rhythms
have several implications. Changes with a frequency cor-
responding to a given band can now be anticipated and
should be controlled, Otherwise, experimental results may
be difficult to interpret in any study of insect oxygen con-
sumption whether or not one’s aim includes the study of
rhythms,
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Pacled variance spectra, summarizing in several ways a total of 657 measurements of oxygen consumption {made at 20 min intervals on

four mature male cockroaches, Periplaneta americana (L.), kept at 30°C in continuous light (about 10 lux) without food or water).

Abscissae are linear in frequency but arc labeled as reciprocals of frequency, i.e. as period. Ordinates represent variance per unit fre-

Quency, plotted linearly on top and logarithmically at bottom. Resolution is lower in plots on the left {(m = 36), higher in plots on the

Tight (m = 72). Vertical bands in the spectrum suggest rhythms with corresponding periods (see text), (For computational details see
HaLBERG and PaNorsxy, Exp., Med. Surg. 19, 284 (1961)).
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Furthermore, students of physiological rhythms need
not restrict their attention to the circadian component by
viewing only its presence or absence in the raw data. In a
variance spectrum components which are quite irregular
on inspection of the raw data can also be objectively quan-
tified and bands in the higher-than-circadian domain of
frequencies are actually of interest to a more complete
analysis of circadian system physiology. Factors under-
lying shifts of variance from the circadian component into
the domain of adjacent frequencies seem to be of partic-
ular interest 1%,

Zusammenfassung. Der Sauerstoffverbrauch von Peri-
planeta americana (L.) wurde im Dauerlicht und im 24-
stiindigen Licht-Dunkelwechsel bei 30, 24 oder 18°C alle
20 min bestimmt. Im Varianzspektrum dieser Beobach-
tungsreihen lassen sich neben der ungefihren Tages-
periodik (Circadian-Periodik) auch hoherfrequente, un-

Vasopressin Analogues with Selective
Pressor Activity

It is generally recognized that the basicity of the amino
acid residue in position 8 of the molecule, i.e. in the pen-
ultimate position of the peptide side-chain, is of consider-
able importance for the specific biological properties of
the vasopressins, This has been pointed out for both the
pressor! and the antidiuretic? effect. In continuation of
our studies on the influence of small stractural modifica-
tions on the pharmacological properties of the neuro-
hypophysial hormones®4, some new analogues modified
in the position 8 have been synthesised and investigated
biologically. Of these compounds, ornithine8-vasopressin,
phenylalanine 2-ornithine®-vasopressin, ornithine®-oxyto-
cin and phenylalanine2-ornithine®-oxytocin proved to be
particularly interesting. The present paper gives a short
account of their synthesis® and main pharmacological
properties.

Noa-CBO-N4-tosyl-L-ornithine was condensed with
ethyl glycinate by the dicyclo-hexylcarbodiimide meth-
od to yield ethyl Nx-CBO-N{-tosyl-L-ornithyl-glycinate.
After removal of the CBO protecting group, this dipeptide
was condensed with N-CBO-L-proline by the same method.
The product, ethyl N-CBO-L-prolyl-Nd-tosyl-L-ornithyl-
glycinate, was converted by amidification to the cor-
responding amide. Removal of the CBO protecting group
and condensation with N-CBO-r-glutaminyl-L-aspara-
ginyl-S-benzyl-L-cysteinyl-azide® afforded N-CBO-L-glut-
aminyl-L-asparaginyl-S -benzyl -L-cysteinyl-L-prolyl - Né-
tosyl-L-ornithyl-glycinamide, After removal of the CBO
protecting group this hexapeptide was condensed with p-
nitrophenyl N-CBO-S8-benzyl-v-cysteinyl-L-tyrosyl-L-
phenylalaninate? to N-CBO-S-benzyl-L-cysteinyl-L-tyro-
syl-L-phenylalanyl-L-glutaminylr-asparaginyl-S-benzyl-L-
cysteinyl-L-prolyl-Né-tosyl-L-ornithyl-glycinamide, with
p-nitrophenyl N-CBO-S-benzyl-L-cysteinyl-L-phenyl-
alanyl-L-phenylalanate? to N-CBO-S-benzyl-L-cysteinyl-
L-phenylalanyl-L-phenylalanyl-L-glutaminyl-L-aspara-
ginyl-S-benzyl-L-cysteinyl-L-prolyl-Né-tosyl-L-ornithyl-
glycinamide, with p-nitrophenyl N-tosyl-S-benzyl-1-
cysteinyl-L-tyrosyl-L-isoleucinate® to N-tosyl-S-benzyl-r-
cysteinyl-L-tyrosyl-L-isoleucyl-L-glutaminyl-L-aspara-
ginyl-S-benzyl-L-cysteinyl-L-prolyl-No-tosyl-L-ornithyl-
glycinamide and with p-nitrophenyl N-CBO-S-benzyl-L-
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regelmissigere und weniger prominente Rhythmen nach-
weisen,
A. G. Ricuarps and F. HALBERG

Depariments of Pathology and Entomology, University
of Minnesota (Minneapolis, U.S.A.), September 6, 1963.
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cysteinyl-L-phenylalanyl-1-isoleucinate? to N-CBO-S-
benzyl-L-cysteinyl-L-phenylalanyl-L-isoleucyl-L-glutami-
nyl-L-asparaginyl-S-benzyl-L-cysteinyl-L-prolyl-Né-tosyl-
v-ornithyl-glycinamide.

Removal of the protecting groups of the four above-
mentioned nonapeptides by treatment with sodium in
liquid ammonia, followed by oxidation with potassium
ferricyanide, purification by counter-current distribution
in the system sec-butanol/water/triflucroacetic acid
(120:160:1), conversion to the acetate and lyophilization,
yielded Orn®-vasopressin, Phe?-Orn8-vasopressin, Orn®-
oxytocin and Phe?-Orn#-oxytocin respectively. These four
peptides were proved to be pure by different chromato-
graphic and electrophoretic methods and they gave cor-
rect elementary analysis and amino acid composition on
hydrolysis.

The main pharmacological effects of these peptides
were determined by comparing them with the Third
International Standard for Oxytocic, Vasopressor and
Antidiuretic Substances®. Both the pressor and the anti-
diuretic potencies were assayed in rats: the former on the
blood pressure of animals in urethane anaesthesia after
pretreatment with an adrenergic blocking agent® 1!, the
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