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attenuates ultradmn acttvtty rhythms m preweanhng rats PHARMACOL BIOCHEM BEHAV 29(3) 517-523, 1988-  
Developing rats, studied m envaronmental ~solatmn, display prominent fluctuatmns m locomotor activity w~th a periodicity 
of about 1-3 hr This ultra&an rhythmac pattern is most marked at 2 weeks of age, and appears to be endogenously 
medmted (+)Amphetamine (1 mg/kg) was administered to 2 week old rat pups, and their locomotor actavlty levels were 
recorded continuously and stored m 5 man intervals using a sensitive computer-interfaced vabratlonal activity monator 
Act~wty was recorded for 12 hr after treatment and resulting t~me-senes data were analyzed by harmomc spectral tech- 
tuques During the first 6 hr of testing, amphetamine induced a promanent low frequency perturbation in basehne actlvlty 
levels corresponding to the expected period of acute drug action During this ttme, normally prominent ultradmn actlvaty 
rhythms in the range of 8-12 cycles per day (cpd) were diminished in amphtude, even following low frequency smoothing to 
remove the changes in baseline Correspondingly, there was also an increase m ultradmn rhythm amphtude in 
amphetamine-treated pups at htgher frequencies (32-40 cpd) During the final 6 hr of testing there was a marked suppres- 
stun of typacal ultra&an rhythms m amphetamine-treated pups but not m controls These results suggest that amphetamine 
treatment both accelerates and attenuates ultradmn actlvlty rhythms m developing rats during the acute period of drug 
actmn, and produces a prominent diminution m these rhythms dunng subsequent rebound and recovery periods 

Amphetamine Ultradlan Locomotion Biological rhythms Development Chronobmlogy 

ACTIVITY rhythms with a 1-2 hr peno&clty were first rec- 
ogmzed in rats by Richter [22], who explored their early 
ontogeny [23] Kleltman [13] also discerned a prominent 1-2 
hr fluctuation in activity of human newborns, and hypoth- 
esized a basic rest-activity cycle during the waking state, 
similar to the rapid eye movement  (REM) cycle observed 
dunng sleep, and possibly due to stmtlar neural mechamsms 
From these historic origins have emerged a substantml body 
of hterature demonstrating ultradmn (> 1 cycle per day) fluc- 
tuations m many physiological processes (e g ,  [16]) Such 
rhythms appear to provide a ubiquitous undercurrent 
throughout the animal kingdom [7], and have even been ob- 
served in isolated enzyme systems [4]. Most evidence 
suggests that these phenomena are hkely to reflect the ef- 
fects of multiple independent OsclUators, and &rect hnkage 
between such rhythms as the REM sleep cycle and waking 
ultradmn actlvlty rhythm probably does not occur [16] 

Ultra&an rhythms differ markedly from more extensively 
studied clrcadmn cycles, in that they appear to lack a consls- 

tent "ze l tgeber"  to impose an external cadence. Thus, httle 
synchronlcity as generally found between subjects, who ap- 
pear to "f ree-run"  at independent and variable frequencaes 
Moreover, commonly observed ultra&an rhythms (e.g., ac- 
twlty, REM sleep, corhsol secretmn) &splay promment car- 
cadian variatmns m amphtude, and possibly also m ultradlan 
frequency [14] This modulation results m special problems 
m the ~dentaficatmn and analysas of  such rhythms, and has 
severely limated attempts to probe their neuroblologlcal un- 
derpinnings In recent years, considerable progress has been 
made toward understanding the functional neuroanatomy 
and pharmacology of  central nervous system (CNS) oscil- 
lators responsible for REM sleep [17], and neuroendo- 
crmolog~sts are beginning to outhne the control processes 
responsible for pulsatde hormone secrettons [18] 

We have undertaken a series of investigations on the ef- 
fects of psychotroplc agents on this basic rest-actlvaty 
rhythm. There were two complementary reasons for these 
stu&es First, virtually nothing is known about the neural 

1Requests for reprints should be addressed to Dr Martin H Telcher, Mailman Research Center, McLean Hospital, 115 Mill Street, 
Belmont, MA 02178 
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FIG 1 Activity profiles o f  isolated h t termate  pmrs at 13 and 16 days  of  age which had received injections of  
saline or (+ )amphe tamine  Activity was measured  with a computer- interfaced vibrational actlv=ty moni tor  
and is expressed  as percentage of  total act~v=ty per 5 minute epoch A c h w t y  was moni tored for twelve 
cont inuous  hours  

systems producing this rhythm, and pharmacological agents 
can serve as useful probes to help identify neurotransmltter 
systems involved in its temporal maintenance Second, there 
are emerging data from ammal model and chmcal studies 
suggesting that disturbances m ultradlan rhythms may occur 
in some neuropsychlatnc disorders--such as depression [2, 
15, 28], dementia [31], and childhood hyperactivity [5]--and 
knowledge of how drugs affect these rhythms could be of 
clinical value 

In order to explore the neuropharmacology of ultradlan 
activity rhythms, we have selected for study the developing 
albino rat, as ~t displays prominent fluctuat=ons in activity 
with about the same periodicity as humans [28,29], and be- 
cause much is known about the neuropharmacology of the 
rat In the present study, we concentrated on the two-week 
old rat, which, like newborns of many speoes, displays 
prominent ultradmn fluctuations in motility [29] 

Studies designed to assess the effects of drugs on ultra- 
dlan motility cycles in rodents have been rare In two brief 
reports, del Pozo et al [8,9] examined the effects of 
(+)amphetamine (2 mg/kg, IP) on ultradlan activity rhythms 
of isolated and aggregated adul t  mice They found that am- 
phetamine had a greater effect on isolated mice, in which it 
appeared to produce a shift in the main peak period of the 

ultradlan rhythm from 187 mln (7 7 cycles per day [cpd]) to 
250 mln (5 8 cpd), and to decrease the prominence of a minor 
secondary peak at 93 min (15 5 cpd) The present study was 
conducted to see if these observations could be extended to 
developing rats with more prominent ultradlan activity 
rhythms than adult rodents Care was taken to separate ef- 
fects of amphetamine on baseline activity from its effects on 
the usually prominent ultradlan activity surges, and to dis- 
tmgmsh between the effects of amphetamine dunng the 
period of acute drug action (ca 6 hr in the neonate [6]), from 
possible effects dunng rebound and recovery 

METHOD 

Sl lb je (  t~; 

Male and female Sprague-Dawley rat pups were reared in 
natural litters culled to 10 pups each on day 2 Multlparous 
mothers were shipped from Charles River Breeding Colony 
on the first day after delivery Litters were housed in mater- 
nity cages with pine shavings for bedding under a 12 12 hr 
hght/dark cycle (on 0700-1900 hr) Temperature was main- 
tamed at 25±2°C Pups were studied between 13 and 17 days 
of age Two littermates of the same sex were tested simulta- 
neously One pup received sahne and the other am- 
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FIG 2 Spectral analysis of the first six hours of activity following the acute 
administration of saline or (+)amphetamine to developing rats The graph indi- 
cates the percentage of total variance in the actlwty tzme series that can be ac- 
counted for by each harmomc frequency band ranging from 0-144 cpd at 4 cpd 
increments Shown are group spectra derived from the individual analyszs of eight 
httermate pmrs receiving sahne or amphetamine 

phetamlne The final subject pool consisted of 8 am- 
phetamine treated, and 8 control pups from 4 different litters 
Subjects were tested only once 

Test Apparatus 

Activity was quantified using a four channel vibrational 
activity momtor similar to a previously described prototype 
and technique [30] A sensitive mechanical-to-electrical 
transducer consisted of a 25 cm diameter enclosure mounted 
on a 10 cm permanent magnetic speaker. Signals from the 
transducer were sent to a four channel linear amplifier, 
where they were filtered (100 Hz high frequency roll-off), 
and amplified 1000 times A voltage comparator circuit then 
compared amplified signals to a preset threshold voltage. 
Vibrational signals exceeding the threshold produced a digi- 
tal output pulse These pulses were monitored (> 1 KHz) and 
processed by a Rockwell AIM-65 Microcomputer with 
BASIC and Assembly language control programs Sum- 
mated activity scores were determined at 5 min test inter- 
vals, and pnnted out during the 12 hr test period 

The four channels were calibrated individually using a 
low-frequency oscillator coupled to a signal generator 
Threshold settings for each channel were adjusted to 
produce zdentlcal readings at the desired sensltwlty level, 
whzch enabled the device to detect virtually all visible mo- 
tions except respiration and slow head turning in representa- 
tive two week old rats The same settings were used for each 
replication, and subjects were randomly distributed to each 
channel. 

Pro~ edure 

On the day of testing, pups were removed from their lit- 
ters, weighed, and injected lntrapentoneally (IP) with either 
(+)amphetamine sulfate (1 mg of the salt/kg) or sterile 
isotonic saline m an injection volume of 0 1 ml/20 g body- 
weight. Shortly after injection each pup was placed in a test 
cage housed in an isolation chamber maintained at 30 -  + I°C 

Dunng the test period the subjects were maintained in dark- 
ness in order to ascertain drug effects of these rhythms un- 
confounded by exogenous hght-dark transitions 

DATA ANALYSIS 

Ac tlvtty Co/lver3lotl 

Activity scores were transcribed into files for an Apple II 
microcomputer As we were concerned with the effects of 
drug on activity patterns, and not interested in absolute 
levels of activity, the raw activity scores were transformed 
mto percent of total activity Data from the first 6 hr and last 
6 hr were analyzed separately, using programs written for 
the Apple 1I by Telcher and Barber [26,27] Data, typically, 
are means_SEM 
Vartan~ e Spectrum Anab'sts 

The main technique used to analyze the data was the 
method of low resolution variance spectral analysis de- 
scribed by Blackman and Tukey [3] and by Halberg and 
Panofsky [10,20], and recommended by Krlpke [14] as the 
most suitable time-series technique for the analysis of ultra- 
dian rhythms Raw variance spectra were calculated for each 
6 hr series Group spectra were obtained by averaging the 
results of the independent spectra, and hamming (smoothing 
by use of a weighted moving average) the aggregate to im- 
prove the rellabdlty of the spectral estimates [3, 10, 20] 

The derived spectra contain the amount of variability 
(spectral variance) accounted for by each frequency band 
from 0 to 144 cycles per day (cpd) at 4 cpd intervals Thus, a 
hypothetical value of 12% in the 16 cpd bandwidth of a group 
of subjects would indicate that about 12% of the variability in 
their activity data could be accounted for by a rhythm of this 
frequency If no significant periodicities were present in the 
data, than each spectral bandwidth would contain about 
2 8% of the total variance by chance. If the rhythm does not 
occur at one of the indicated harmonic bandwidths, the per- 
cent variance would be distributed between adjacent 
bandwidths (e g , a l0 cpd rhythm would have its spectral 
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FIG 3 Spectralanalyslsofdetrendedacnwtydataforthefirstslxboursfollowmg 
the acute administration of sahne or (+)amphetamine to developing rats The 
graph indicates the percentage of total variance in the actw~ty Ume series that can 
be accounted for by each harmonic frequency band ranging from 0-144 cpd at 4 
cpd increments Detrendmg was accomphshed by fitting the raw actlvlty data of 
each subject to a best-fit low-frequency cosine function, and then by mathemat- 
ically remowng this frequency The detrended data was then reanalyzed to ascer- 
tam the effects of amphetamme on ultradmn rhythmicity once the effects of am- 
phetamine on basal actlvlty were removed (see text for further dtscuss,on) 

varmnce dlstnbuted between 8 and 12 cpd) A very regular 
periodicity produces a sharp spectral peak, whereas a less- 
stable rhythm produces a broad peak dlstnbuted across a 
number of  frequency bands 

The accuracy of the obtained spectral estimates is af- 
fected by the number of subjects, the duration of the total 
test period, the number of  measures obtained, and by other 
techmcal factors related to the size of  the lag window and the 
final smoothing procedure [10,20] A valuable numerical fea- 
ture of this analysis ~s that the accuracy of each calculated 
spectral point is a constant percentage of its magnitude For 
these analyses, each bandwidth was determined with 19 5 
degrees of freedom [10], resulting in a standard error of 
measurement of 7 5% for each point Thus, a spectral vari- 
ance result of 12% could be read as 12+_09% ( 0 9 =  
12×7 5) 

Smusoldal Detrendmg 

Dunng the first 6 hr of testing, amphetamine produced a 
marked increase in basehne activtty levels, thereby creating 
an artifactual smusoldal rhythm that resulted m a bmsed es- 
timate of low-frequency spectral intensity As the magnitude 
of this peak could dlmimsh the spectral esnmate of  other 
peaks, a techmque was reqmred to remove th~s periodicity 
mathematically to obtain unbiased esnmates of surrounding 
spectral perlodlclttes [9-11, 20] The first 6 hour actwlty data 
from each ammal were thus subjected to a detrendmg proce- 
dure m which the data were fit to a cosine functmn, whose 
amphtude, frequency, phase angle, and mesor were deter- 
mined by lteratlve nonhnear least-squares analysis [24,27] 
The difference between actual actwlty and low-frequency 
cosmor fit were calculated and reconverted into a detrended 
acnvity time-series. These 'prewhitened'  data files, with 
their low-frequency smusotdal oscdlanon removed, were 
subjected to further analysis by the techmques described 
above 

Group Compart~ons 

Statzstically s~gmficant differences between the variance 
spectra of the two groups were determined by multiple t-test 
comparison of the spectral esnmates To correct for the 
number of  cross comparisons in each spectral series the 
pair-wise alpha level was adjusted to mamtam an experi- 
ment-wise alpha level of 0 05 usmg the formula 

alphao~ = 1 - (1 - alphae~) ~1~.,, where n = number of 
comparisons 

Thus, even though 37 compansons were made between each 
spectral series, the probability of obtaining any significant 
difference was set equal to 0 05 for the entire series 

Kolmogorov-Smlrnov Te~t 

To determine whether a slgmficant rhythm exists in the 
activity data, the aggregate spectral analysis was tested using 
the Kolmogorov-Smlrnov test The spectrum of pure wbate 
noise is a flat hne w~th a hnear cumulauve d~stnbuUon func- 
tion. The Kolmogorov-Smirnov test ascertains whether the 
cumulative distribution function of  the calculated varmnce 
spectrum s~gmficantly departs from a theoretical white nmse 
distribution function [25,32] Slgmficant departure from pure 
white noise indicates that the time series contains 
penodtclties of significant magnitude that would not be ex- 
pected to occur by chance 

R E S U L T S  

Acttvtty Profiles 

Two-week old developing rats gsven sahne control mjec- 
tmns showed prominent spontaneous ultradmn fluctuations 
in behavioral actIwty with a periodicity of  1-3 hr (Fig 1) 
(+)Amphetamine (1 mg/kg, IP) produced an acute increase 
in the basal acUvlty level that peaked after about 3 hr and 
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FIG 4 Spectral analysis of the hours 6-12 of activity following the acute admzms- 
tratzon of sahne or (+)amphetamine to developing rats The graph indicates the 
percentage of total variance m the activity time series that can be accounted for by 
each harmomc frequency band ranging from 0-144 cpd at 4 cpd increments 

then rapidly decayed Ultradlan fluctuations m act lv l ty  per- 
sisted during thls basehne perturbation, but appeared to slow 
as the acute stzmulatory effect of amphetamine declined, and 
were not apparent  during the second 6 hr of testing 

Spectral Analysts. 0-6 Hours 

Dunng the first 6 hr of  testing saline-treated control pups 
displayed a prominent though fairly broad peak of  activity in 
the slow ultradmn domain, with a dominant peak between 8 
and 12 cpd, extending to 28 cpd (Fig 2). Based on the raw 
data, the amphetamine-treated pups had an enormous ultra- 
dian "pseudo-peak"  at 4 cpd, that was evidently an artifact 
of the acute smusmdal perturbauon of basehne acuvlty 
Saline-treated pups showed a greater percentage of their 
spectral variance between 12 and 24 cpd than their 
amphetamine-treated llt termates ( a l l p < 0  005) However,  as 
the results of  this analysis are expressed as percent total 
variance, the large 4 cpd "pseudo-peak"  could effect the 
magnitude estimation of  other spectral components,  and give 
the false impression that they were less prominent in treated 
subjects than control. Thus, the data were detrended to re- 
move this possibly confounding artifact 

Smusoldal Detrendmg 

The first 6 hr of locomotor act lwty (72 measurements) in 
amphetamine-treated pups were best  fit by a cosine function 
with an amplitude of  0.72_+0 07, and a frequency of  4 7---0 5 
cpd. Saline-treated pups were fit by a less prominent oscflla- 
tmn of similar frequency (amplitude. 0.32_+0 I0, frequency 
5 1 - 0  7) These smusoIdal rhythms correlated on average, 
r=0.61-+0 04 with the raw activity data of  amphetamine- 
treated pups, and correlated at r=0.31-+0 06 in controls 
Removing the best-fit oscillation from each subject 's  activity 
profile, and reanalyzmg, produced the variance spectra 
shown m Fig 3 

This detrendmg procedure was very effective, reducing 
the magnitude of  the 4 cpd bandwidth from 19.3% to 1 6% in 
amphetamine-treated rats, and from 7.6% to 3 3% in con- 
trols The sahne-treated pups displayed greater spectral 

variance in the 8 and 12 cpd bands (all p < 0  02), whereas 
amphetamine-treated pups had greater spectral variance in 
the 32-40 cpd bandwidth ( a l lp<0  02) Thus, dunng the first 6 
hr of amphetamine treatment, a prominent low-frequency 
pseudopeak was produced The underlying ultradlan 
rhythm, factoring out the effect of the basehne change, was 
attenuated in the usual 8-12 cpd bandwidth, and accentuated 
in the higher, 32--40 cpd, frequency range 

Spectral Analysts, 6-12 Hours 

Dunng the final 6 hr of testing, sahne-treated pups dis- 
played typical ultradlan rhythms w]th peak frequency 
at 8-12 cpd (Fig 4) Amphetamine-treated pups dis- 
played a very flat spectrum, with far less magnitude in the 
8--24 cpd frequency range than controls (all p < 0 0 5 )  
Kolmogorov-Smlrnov analysis of these results (Fig 5) indi- 
cated that the variance spectra of control pups significantly 
departed from a theoretical white noise spectrum, and thus 
suggests that it contains s~gnificant rhythmtcities. The van- 
ance spectrum of amphetamine-treated pups, on the other 
hand, d~d not devmte significantly from white noise, and 
does not enable us to reject the null hypothesis that there 
were no s~gmficant penodicltes in their actw~ty dunng hours 
6-12 Thus, during the rebound and recovery phase after 
amphetamine treatment, characteristic ultradmn rhythms are 
severely attenuated, and possibly ehmlnated 

DISCUSSION 

Overall, the present results suggest that acute adminis- 
tration of  (+)amphetamine at 1 mg/kg, IP, accelerates and 
attenuates ultradian activity rhythms in developing rats dur- 
Ing the period of  acute drug action (0-6 hr), and severely 
blunts these rhythms during the subsequent recovery period 
(6-12 hr) These two phases may reflect changes in stores of 
monoamines such as dopamlne, which become temporarily 
depleted in neonatal rats for several hours after am- 
phetamine treatment [12] 

Our greatest concern with these data centers on the diffi- 
culty entailed in dlstinghlshlng the acute effects of 
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FIG 5 Kolmogorov-Smlrnov analysis of group variance spectra 
(hours 6--12) for rat pups recewing saline (opened ctrcles (3) or 
(+)amphetamine (filled circles 0) Displayed are the cumulatwe dis- 
tnbut~on functions for both spectra across frequency The dotted 
line indicates the theoretical cumulative distribution function for pure 
white no~se (in which every frequency is equally represented), while 
the shaded area is the 95% confidence interval Spectra that contain 
significant periodicities (p<0 05) depart from a pure white noise 
function In at least one frequency band Note that the cumulative 
spectra of the amphetamine-treated pups remained well inside the 
probablhty space for white noise 

(+)amphetamine on ultradlan rhythmicity in the face of a 
prominent time-dependent change in basal actlvlty levels 
that appears as a large pseudopenod on spectral analysis As 
discussed by Panofsky and Halberg [20] in their original de- 
scription of  this analytical method, "var iance spectra of a 
ttme series tend to be inaccurate in regions in which the 
spectrum vanes raptdly and extensively, as in the neighbor- 
hood of  a strong peak A better spectrum can be ob- 
tained in the neighborhood of such a peak if the peak is first 
removed " This was accomphshed using a smusoidal de- 
trending procedure Both the original and detrended data 
indicated that (+)amphetamine acutely suppressed the nor- 
mally promment 16 cpd (90 mln) ultradmn actlwty rhythm 
observed m rats of this age Similarly, Okamoto et al [19] 
has recently reported that (+)amphetamine completely sup- 
pressed ultradlan fluctuations In hypothalamic temperature 
dunng sleep, suggesting that these observations may general- 

ize to other ultradian rhythms We have also observed [1] 
that acute and continuous administration of an inhibitor of 
neuronal uptake of norepinephnne, deslpramlne, suppresses 
ultradmn rhythmicity as well. suggestmg that this observa- 
tion may be apphcable to other agents that affect catechol- 
amine systems 

These results complement the findings of del Pozo et al 
[8,9], who reported the emergence of  a prominent slow ul- 
tradian cycle (5 8 cpd), and attenuation and possible accel- 
eration of a secondary ultradian peak (15 5 cpd) after admin- 
Istration of (+)amphetamine (2 mg/kg, IP) to adult mice The 
very slow cycle which they reported may have been due to a 
slnusoidal perturbation of basehne activity that was not fully 
removed by their low-frequency filtering techmque Shifts m 
their secondary peak may correspond to our observation of 
attenuation and acceleration of the dominant ultradlan 
rhythm (Figs 2-4), although del Pozo et al [8,9] pooled data 
from over an entire 24 hr test permd, and did not separate 
phases of acute drug action from those of later rebound and 
recovery By combining data obtained during an early phase 
of  intense aminerglc stimulation and subsequent phase of 
relative amlnerglc deficit [12], their findings may not accu- 
rately reflect the differential effects of the drug A separation 
of  early and late phases of drug action may help clarify the 
chronoblologlcai effects of agents such as amphetamine, 
with a relatively short behavioral half-hfe and multiple, 
time-dependent effects 

More generally, the present findings shed light on the 
pattern of actiwty levels and drug effects at a frequently 
studied developmental age [21] For example, the results 
indicate how potentmlly important behavioral data can be 
lost ff actiwty is monitored only at longer time intervals, 
such as 2 hr blocks A thorough analysis of drug effects on 
behavior durmg early development ewdently requires atten- 
tion to both the temporal pattern of behavior, as well as to 
the detaded topography of specific motor achons The pres- 
ent study may have additional ~mpllcatlons regarding the ef- 
fects of stimulant medications in chddren with attention 
defiot  hyperachvlty disorder ("minimal brain dysfunc- 
t ion"),  as our preliminary clinical observations suggest that 
abnormal ultradian activity patterns may be present m some 
children with this disorder, and that these abnormahtles can 
be ameliorated by stimulant medications 

ACKNOWLEDGEMENTS 

Supported in part by USPHS (NIMH) award MH-47370 and 
grants MH-31154 and MH-36224, grants from the Bruce J Anderson 
Foundation and Marion Ireland Benton Trust Fund, and an Ethel 
Dupont Warren Fellowship 

REFERENCES 

1 Barber, N I ,  M H Teicher and R J Baldessannl Effects of 
selective monoammerglc reuptake blockade on ultradlan and 
circadian activity rhythms in developing rats Eastern Psyt hol 
Assoc Abstr 58: 29, 1986 

2 Beersma, D G , S Daan and R M Van den Hoofdakker Dis- 
tribution of REM latencles and other sleep phenomena in de- 
pression as explained by a single ultradlan rhythm disturbance 
Sleep 7: 126-136, 1984 

3 Blackman, R B and J W Tuckey The Measurement of  Power 
Spectra New York Dover, 1985 

4 Brodsky, W Y Protein synthesis rhythms J Theor Btol 55: 
167-200, 1975 

5 Busby, K A and R J Broughton Waking ultradlan rhythms of 
performance and motdlty in hyperkinetic and normal children J 
Abnorm Chdd Psychol 11: 431-442. 1983 

6 Campbell, B A ,  L D Lytle and H C Flblger Ontogeny of 
adrenerglc arousal and chohnerglc inhibitory mechanisms in the 
rat Scten~e 166: 635-637, 1969 

7 Corner, M A Sleep and the beginnings of behavior in the 
animal kingdom--studies of ultradlan motdlty cycles m early 
hfe Prog Neurobtol 8: 27%295, 1977 

8 del Pozo, F ,  F V DeFeudis and J M Jlmmez Environ- 
mentally sensitive ultradlan motor rhythms in m~ce Naturwls- 
senschaften 65: 393-394, 1978 



A M P H E T A M I N E  A N D  U L T R A D I A N  A C T I V I T Y  R H Y T H M S  523 

9 del Pozo, F ,  F V DeFeudls and J M Jlmmez Motdmes of 
isolated and aggregated m~ce A difference m ultradmn 
rhythmlctty Experaentaa 34: 1032-1034, 1978 

10 Halberg, F and H Panofsky Thermovarlance spectra Method 
and chnlcal illustrations Exp Med Surg 19: 284-309, 1961 

11 Holaday, J W ,  H M Martmez and B H Natelson Syn- 
chronized ultradmn cortlsol rhythms m monkeys Persistence 
dunng cortlcotropm infusion Scaence 198: 56-58, 1977 

12 Kellog, C and P Lundborg Ontogemc variations in response 
to L-DOPA and monoamme receptor-stlmulatmg agents Psv- 
chopharmacologta 23: 187-200, 1972 

13 Kleltman, N Sleep and Wal~efidness Chicago Unlversaty of 
Chicago Press, 1939 

14 Knpke, D F Ultradmn rhythms m sleep and wakefulness In 
Advances tn Sleep Research, Vol I, edited by E Weatzman 
New York Spectrum, 1975, pp 305-325 

15 Lange, H EEG spectral analysis in wtal depression ultradaan 
cycles Btol P3ychlatrv 17: 3-21, 1982 

16 Lavle, P and D F Krlpke Ultradlan circa 1 1/2 hour rhythms 
A multloscdlatory system Lafe Sca 29: 2445-2450, 1981 

17 McCarley, R W and J A Hobson Neuronal excatablhty 
modulation over the sleep cycle A structural and mathematical 
model Science 189: 58-60, 1975 

18 Mlllard, W J ,  S M Reppert, S M Sagar and J B Martin 
Light-dark entrainment of the growth hormone ultradlan rhythm 
m the rat as mediated by the arcuate nucleus Endocrtnology 
108: 2394-2396, 1981 

19 Okamoto, M ,  V S Adamon and J L Walenskl Effects of 
d-amphetamine on hypothalamlc ultradmn temperature and 
sleep Pharma~ologtst 28: 190, 1986 

20 Panofsky, H and F Halberg Thermovarlance spectra 
Slmphfied computational example and other methodology E~p 
Med Surg 19: 323-338, 1961 

21 Randall, P K and B A Campbell Ontogeny of behavioral 
arousal in rats Effect of maternal and slbhng presence J Comp 
Physaol Psychol 90: 453-459, 1976 

22 Richter, C P A behavioristic study of the actlvlty of the rat 
Comp Psvchol Monogr 1: 1-55, 1922 

23 Rachter, C P Ammal behavior and internal drives Q Rev Blol 
2: 307-343, 1927 

24 Rummel, J ,  J K Lee and F Halberg Combined hnear- 
nonlinear chronoblologlc windows by least-squares resolve 
nelghbonng components in a physiologic rhythm spectrum In 
Btorhythms and Human Reproductton, edited by M Fenn. F 
Halberg, R M Rlchart and R L Vande Wlele New York 
John Wdey & Sons, 1974, pp 53-82 

25 Siegel, S Nonparametrtc Statastt~s fi)r the Behavaoral Scaenc e~ 
New York McGraw-Hall, 1956, pp 47-52 

26 Telcher, M H BIRAN I Interactive programs for harmomc 
spectral analysis of biologic time-series data In preparation 

27 Telcher, M H and N I Barber COSIFIT Interactive program 
for simultaneous non-hnear least-squares multlosclllator COSlnor 
rhythm analysis of biological time-series data In preparation 

28 Telcher, M H ,  N I Barber, J M Lawrence and R J Baldes- 
sarlm Motor activity and antidepressant drugs A proposed ap- 
proach to categorizing depression syndromes and their ammal 
models In Ammal Models of Depres~ton, edited by D J 
Kupfer, G Koobs and C Ehler Chicago University of Chicago 
Press, in press 

29 Teacher, M H and L E Flaum The ontogenyofultradlanand 
nocturnal activity rhythms in isolated albino rats De~ 
Psychobtol 12: 441-454, 1979 

30 Telcher, M H and W T Green A digital readout vibrational 
activity monitor for neonatal ammals Phystol Behav 18: 747- 
750, 1977 

31 Teacher, M H ,  J M Lawrence, N I Barber, S P Flnkle- 
stem, H Lleberman and R J Baldessanm Altered locomotor 
act~vaty m neuropsychmtnc patients Prog Neuro- 
Pswhopharmacol Btol P63chaatry 10: 755-761, 1986 

32 Wang, D C C and A H Vagnucca TSAN A package for time 
series analysts Comput Program~ Baorned 11: 132-144, 1980 


