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BECAVSE THE POTENCY and margin Of safety of Fluothane are t~pms of current 
interest, we are remvestagatmg the 'toxlqlty of Fluothane using }he mouse and 
the method of redirect penodmlty ar~alysls 1 This paper presents pertinent experi- 
mental results 

Several earher studles of Fluothar~e to,mary m the mouse constitute available 
background mformataon In Ins first stu~ty, Raventos 2 found the! LDs0 of Fluo- 
thane vapour m oxygen to be 2 8 per cen~ ( _+0 34 per cent) dunng 30 minutes of 
exposure In a later axtmle, Ravento s andDee  3 reported the valm to be 3 16 per 
cent Krantz, Park, Trmtt, and Ling4 f rand a value of 3 1 pe cent using 5 
minutes of exposure and different vgpor: ~,atmn techmques Stud, of MCrch and 
Jobgen's data 5 from tests with 10 mmute of .exposure suggests a! higher LD56 of 
between 3 5 an~l 4 0 per cent On the ol aer hand, Jones, Margoils, and Steven 6 
observed no deaths after the mtraoesopt~ageal mstallalaon of 100 }per cent Fluo- 
thane Because these hnes of work were i reported wxthout reference to temporal 
aspects of tests conditions (discussed elslewhere7), it seemed desirable for us to 
employ techmques of redirect penodlcaty analysis for the bin-assaY of Fluothane 
toxm~ty 

The rehabfllty of bin-assay techmques depends upon many factors s It increases 
w~th the extent to whmh one pays atte:ntmn to variables suchlas the genetm 
background, sex, and past h~story of ar ammal population, asbwell as to test 
condltmns Pertinent factors stem fron. the physical enwronment to wkmh 
ammals are exposed befole and durmg testang, including still o~her sources of 
vanatmn ranging from diet to mfectmn Some of these parameters of blo-assay 
have temporal facets The age of test aa~mals ~s the most obw0us tmae factor 
Less well known is the role m blo-assay c,f another temporal parameter, the stage 
of physmlogm rhythms w~th periods of about one day These so-Oalled clrcadlan 
(c~rca, d~es) r 9 rhythms can cntmally determme the outcome of a mammal's 
exposure to a variety of agents ~ 10-~ 

Studies of drug effects done at different tmaes of the day thatldo not further 
specify condttaons of observatmn may seem pertinent, althoug h they are not 
ldentaeal m approach ~r-19 Actually, an ~ndlcatmn of an hour of the clock for 
increased or decreased susceptlbdlty IS meaningful only under standardized 

*Condensed from a paper presented at the Western Dxwslons' Meet~ ~anachan Anaes- 
thelasts" Society, held m Edmonton, Alberta, m March 1962 Supported jrants from the 
U S Pubhc Health Service [No H-1983 (C-7)and  No 5-K6-GM-1398 NB-04531-02], 
The American Cancer Somety (No E-155E), ~nd t]he Graduate School m Umverstty of 
Minnesota 

~From the Departments of Anesthesxology arid Pathology, Umverslty of Minnesota College 
of Medmal Scmnces, Mmneapohs, Minnesota 

2813 

Can Anaes Soc J,  vol 11, no 3, May, 1964 



~L~rrrmws et al CmCADIAN SUSCEFIIBILITY--mt~SlSTANGE CYCLE 281 

eon&tmns x Those unfamflmr with physxologm periodicity analysis should not e 
that by mampulatmg the hghtmg regamen to whm h ce~am experimental aroma! s 
are exposed, and by several added precautaons, 7 one |may shift the peak and 
trough of a susceptablhty rhythm to any clock hour 0f one's chome 2o Without 
reference to the hghtmg regmaen and other factors, 7 studms of drug effects solely 
at dxfferent clock hours, therefore, are of restncted, fflany, value They may, at 
times, confuse the issues on hand, and as long as conditions of observations are 
not standar&zed, the results may be qmte vanable 

When temporal and other factors m bin-assay are taken into account to a 
certain extent, as m the present study, the results are s 
mine after exposure to 3 5 per cent Fluothane for 7 to 
mrcadlan susceptabfllty-leastance cycle The mortalr 
Fluothane may be as low as 5 per cent ol as tngh 
upon the orgamsm's e~readmn system phase 

~rpl~smg the mortahty of 
[0 minutes demonstrates a 
y from a gwen dose of 
s 76 per cent, depending 

~r ~.TERIALS AND METHODS 

Three experiments were done on male inbred mice of the C~7 Black, subhne 
1 stock (bllefly, B1) Thas strain has been maintained by blLother-to-slster mating 
for more than 10 years, m the Department of Path(]~logy at the University of 
Mlnnestota Medmal School The expeumental mice ulele kept multiply-housed, 
with Purina Fox Chow and tap wate~ freely available from weaning and throug]h- 
out the study 

One week prior to a gnven experiment, animals were transferred to disposable 
cages measunng 40 X 3"2 X 9 e m - 8  or 7 mine to a cage The cages were placed 
m a room shielded from natural hght and sound, maintained at 24 • 1 ~ C A 
clock-controlled switch turned the lights m the room on at 0600 and off at 1 8 ~  
each day 

On the day of study, separate groups of ammals were tested at four-hourly 
intervals, staltmg at 0800 of one day and ending at erther 0400 or at 0800 of the 
next day A group was composed of 14 to 21 mice The mine constituting differ- 
ent groups m a given experiment were comparable not only m terms of genetm 
background and sex, but also m terms of age 

The anaesthetm eoneentratmn was prepared using a He~dbnnk 660X Kmet o- 
Meter ~ to provide an oxygen flow rate of 4 htres/mmute into a Marl< II Fluotec 
vaponzer,} set at the 3 5 per cent marking A model 10 Fluothane Momtor} of 
the infrared type served to cheek the accuracy of the vaporizer 

The anaesthetm ehambel consisted of an 8 htre desmeator with a wire mesh 
platform resting across the glass ledge near the bottom Sevelal minutes before 
the start of a test 3 5 per cent FIuothane in oxygen was introduced at 4 htres/  
minute into the bottom of the chamber, by rubbel tubing ending below the 
platform 

Mine from a given cage were then tiansferred into the chamber Anaesthetm 
vapour continued to flow into the bottom of the chamber dunng transfer and 
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SAnaly~eal Systems Company, Pasadena, California 
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throughout the next i0 minutes Exqess ~Iapour escaped through a hole m the hd 
After 10 minutes of exposure the ware platform holding the mice was hfted out 
and placed on a table an room air 

The same procedure for anaesthesia ~ as repeated for subgroups of mice from 
consecutive cages, at each tame-point chosen for study Total test tame required 
for mice from a group of cages (at least two, but usually three cages) did not 
exceed 45 minutes The ammals were under continuous observation in the 
chamber and thereafter, until death or recow~ry from anaesthesm Recovery was 
judged by return of the righting reflex IThe hme of death or recovery was fol- 
lowed with a stopwatch, started when th,~ mice were transferred into the desicca- 
tor Results were recorded for consecubveone minute intervals 

~S~LTS 

Figure 1 shows the results of the three expenments Test-tame, given m clock 
hours on the abscl~sa, is roughly the ml~ll-pomt of the total period elapsed from 
start to end of testing a group of mice T~e hghtmg regimen on which mice were 
kept for a week prior to study and up ~o a minute prior to testing also as indi- 
cated above the abscissa, black areas denotmg-I" darkness During anaesthesia and 
thereafter the mice were kept m hght at ~ll braes The percentage of deaths from 
anaesthesm at each test-tame is shown on lhe ordanate 

In the experiment recorded on the leftl 137 mice were used, 147 m that shown 
an the rmddle, and 125 ammals comprise the right-hand graph Tlhe mean age m 
days (and standard error) of these three sets of rmce was, m thas order, 83 
(-4-1), ]16 (----+-1), and 283 (--+2) days, respectwely M~ce summarized m the 
right-hand plot were thus much older than those described on the left or m the 
middle 
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FxcvPm 1 Dependence of Fluothane toxicity upon circadian system-phase Three expen- 
ments on male B1 mace of three age groups E~,penrnent on youngest nnce on the left, those 
on older animals on the right (see text) In each expenment  the 10-rmnute exposure of 
separate groups of comparable ammals to 3 5 per cent Fluothane was associlated with differ- 
ences m mortahty as a function of exposure time P values derived according to procedure for 
analysing the statistical s~gmficance of crests m physiologic time series ~1 
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The curves wath sohd hnes show that total morCahty, expressed as per cent 6f 
total tested, vaned from 5 to 76 per cent, according I,o test tame and age The 
greatest mort~hty was among older mace--the plot on the right Srnce the three 
experiments were done on drfferent days, the age effect awmts further mtra- 
experimental vahdabon 

Plots of mortahty m a gwen expeaarnent, an their 
related to test tame These were analysed by a stabsb 
and proposed earher for redirect penodlcaty analysi 
stabshcal slgmficance of the crest an rnortahty occurr 
rnent recorded on the left sade of Fagure 1, a P value 
the data m the rn~ddle of the figure the corresponding 

An evaluataon of the crest m total mortahty was no 
thtrd experiment At the tame of the first exposure (0 
the 3 5 per cent dose of Fluothane was too great for 
]ugh percentage of mace of thas first group daed w~tlun 
at the  r ~ e ,  at the first test-tune, that the expe 

turn, suggest differences 
eal procedur~ x described 
~ From this test of the 
Lng at 2400 m the expert- 
of 0 07 was obtained For 
value was less than 0 001 
done on the data of the 

~00) at was observed that 
mace of this age Since a 
l0 mrnutes, at was dec~ded 
nrnent be conbnued wxth 
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SUSCEPTIBILITY RHYTHM 10 FI 'UOTHANE 
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FIctrl~E ~ Data from Figure 1 re-expressed as percentage of total mortahty m a glv,en 
expermaent on mace of a given age Transformahon reduces ~,ffect of dtfferenees m level of 
suscepbb~hty or resastance to Fluothane as a funcbon of age The temporal change an susceptt- 
bdlty m resistance as a functaon of carcadaan ~ystera-phase, rather than age, can now be 
seen from the pool of data from all three experiments (see text) 



254 Ca~AD~ XN~-.STm~tnSTS' SOCmTY j o v - m ~  

10-m, nute exposures, as ongmally :plan1 
mg to the mortahty occmzang wlttnn t 
enttre 10 minutes of exposme Analyse 
summarized by the dashed hue, t h e ,  
stattstmal]y sigmficant, wath a P of 0 002 

rod, but that results be evaluated accord- 
ae first 7 mmutes, rather th~..n_ during the 
d on tins basis, 1 e ,  m terms of the data 
.,rest at 2400 m the right-hand graph is 

For comparison, the deaths oceurrllkg wrlthm 7 nunutes of exposure m the 
other two experiments also are shown ~y dashed hnes Vmwmg the seve~-mmute 
data as well, it can be seen that mortalhty, I at 2400 is much lugher than at other 
tnnes Note, for instance, that m the expernnent plotted on the left, no deaths had 
occurred prior to the seventh minute at .any tame except at 2400 

Figure 2 shows mortahty expressed m percentage of total mortahty m a gwen 
experiment For the first two expernnepts all deaths were included m th!s com- 
putatmn Deaths occurnng after the seventh minute of exposure m the last 
experiment were excluded from calcu][ahon, for the reasons stated above The 
three curves are roughly congruent, their mean is shown as a dotted hue 

SUSCEPTIBILITY RHYTHM ITO FLUOTHANE (POOLED DATA) 
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F m ~  3 gu Conversion of the pooled daia na Ira re 2 rote "re]at.we c~anges"~'--wath 
esnrnates of vanablhty aim provided for r~l~ults from each test-time 

The crest m mortahty at 2 4 ~  is apparer~t from tlns sumrnaw presentahon as 
well as from the sohd ]me in Figure 3, winch shows the so-called "relatave 
change "'22 m susceptlb~ty to Fluothane To obtain the curve in Figure 3, mor- 
tahty at a given test-tame was expressed as a percentage of the average mortahty 
m a given experarnent, wath the latter mean equated to 100 per cent Thereafter, 
these relat.we values for each test-time were averaged to obtain the mean relative 
change, plotted m Figure 3 
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DISCUSSION 

These experiments mvolwng a 7 or 10 minute ex 9 
thane m oxygen demonstrate, ~rst, a clrcadmn Susc~ 
tins agent Secondly, the data also suggest, but do 
susceptabfi~ty among d~fferent age groups The locab 
bahty at 2400 and the influence of drfferences m al 
bas~s of prewous studies using another agent at 
(F~g 4) ~",~ 

Along the same hne, ~t as interesting that the'susce I 
and aud~ogemc convulsions, ~~ aa ~0 tested under comp 
at about 2000 (F~gs 5 and 6) -~ The locabon of the 
rhythms shows relatwely small, ff any, drfferences 
c&rcadaan suscepbb~hty rhythms w~th a similar bm~ 
pentobarbttal z~ and by Daws and Webb for hexafluo 
a most recent study on Nembutal by Emlen and Kerr 
to all of these agents affecting the CNS thus appear 
c~rcadmn system phase, awa~bng further de~fftbon 

osure to 3 5 per cent Fluo- 
,pbbthty-res~stance cycle to 
not prove, a drfference an 

on of the crest m suscepb- 
e were anbc~pated on the 
ectmg the CNS-L~bnum 

~tabfilty of  m i c e  t o  e t h a n o l  14 
axable condabons, is hxghest 
-rest,,, of these susceptablhty 
n phase Pertinent also are 
ag described by Davxs for 
:odlethyl ether, ~5 as well as 
26 The response of rodents 
to depend upon a s~m~3ar 
Su:,cepbbfi~ty rhythms to 
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F I G ~  4 C1rcachan suscepbblhty-reslstance cycle to Llbnum By contrast to F~gures lr-3, 
d a t a  m the left half of thas figure are expressed m terms of ~urvaval tmae rather than as per 
cent deaths Transformed data on the right of figure '~ '~ 
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F:cum~ 5 C~rcadmn suscept~blhty-res~stance cycle to ethanol Black 
columns on top of figure denote mortaht 7 of comparable male C 
nnce, 4 months 4- 2 weeks of age, mlected~ p w~th 0 8 c c of a 25 
per cent solutaon of ethanol m ~sahne Ethanol-reduced hypotherana 
as well as mortahty from ethanol depends upon c~rcadmn system- 
phase at mlectaon tame Deta:ls 0f th~s experiment and of confirmatory 
ones are m References I and 14 

other agents, however, peak at qmte dtfferent tames, as shown m Figure 7, sum- 
manzmg the so-called "hours of changing resistance-1 

These pred:ctable phys:ologlc changes :n suscepbblhty of mammals to drugs 
would be nnportant as models for chmcal stud:es :f tox:e-therapeutae rataos also 
can be found to vary depending upon an orgamsm's circadian System phase For 
example, anaesthetics wath undeslrabl e cardiovascular side-effects, such as Fluo- 
thane, might have a relahvely small margin of safety if at a gwen tnne the 
orgamsm exh:b:ts an increased suscephblhty to card:ovascular disturbances and 
concormtantly a decreased suscephbdlty to cortical depresslo n In other words, 
the same amount of drug might produce the destred effect and httle undes:rab|e 
s:de reaetaons at one tame (l e,  clrcadmn system phase) an d at another tame 
considerable s:de react:ons w:th htt]e des:rable effect 
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Fxcurm 6 Abnormal auchogemc resonses m D mace on two schedules of hght and darkness 
~lternatmg at 12-hour intervals Incadence of several types of norse-reduced al~normahty daffe_rs 
$t 0800 as compared wath 2100 m mace exposed to hght from 1800 to 0600 as compared with 
~ a t  m mace exposed to hght from (}600 to 1800 Note feaslbdtty of phase-shifting of a err 
~achan susceptabdaty resrstance cycle Total tested 120 mace about five weeks of age of both 

We must quahfy these lm_tml experamental data on Fluothane m several ways 
Fzrst, m speaking of certain phases of susceptabrhty rhythms such as a crest we 
mean to refer to erreadtan system phase rather than to clock hour We do so smce 
a given phase of circadian rhythm can be shifted to any clock hour of one s 
chome by mampulatmg the environment 0 27 We also must refer to a number of 
techmca] problems One of these revolves around the accuracy of the Fluotec 
vaporizer Tins question was resolved for the tame being only through venficahon 
of the v tpour concentrataon provided by infrared analysis and through consistent 
use of the same ftow rate and vaporizer se~ngs  Subsequent experrments have 
necessitated a more accurate system and one which permits the study of other 
anaesthetac vapours and gases 

A second techmcaI problem resulted from a small ~vater leak rn the penodm~ty 
room but not rote the cages containing the mine represented by the left 
hand graph of Figure 1 The effect of the noise from dripping water remains 
unevalu ~ted 

In subsequent studies we are extending the design not only to repheate the 
circadian suseeptlbthty rhythms but also to test within various experiments the 
mfluenc~ s of age sex strata vanataons in dosage of Fluothane premedmalaon 
and other common anaesthetae factors More accurate observataon of mduelaon 
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FIGURE 7 The concept of hours of changing re,,istanee can be further ,documented by data 
on Fluothane (o ) The data of this paper are ahgned with some obtained on other 
susceptlbtllty-reslstance cycles earher Thls figure should convey the de,Tee of generahty of 
changes m response to toxin doses of several drugs as a functmn of elreadmn system-phase The 
same figure may be used further to suggest that crests and troughs m suscepbbfllty to &fferent 
agents do not all occur at the same time cu~cadma synehromzatmn occurs with d~fferences m 
phase, some of whmh are posmve or negative, as well as zero (Cold Spnng Harbo~ Symposu~ 
on Quantitative Bwlogy, vol 25, Long Island Bmlogmal Assocmtmn, New York, 1960, p 524) 

lames, anaesthetm levels, and respiratory and cardlovaseular re,~ponses may help 
to clarify mechamsms of death 

The tmportance of these ]mtml studms to anaesthesmlogasts may be the demon- 
stratlon that c~rcadaan rhythms characterize the susceptibility of a mammal to 
Fluothane, and the suggesimn that elrcadmn penodm~ty analys~s of therapeutm- 
toxin ratms may eventually eontnbute to a better understandmg of the let]hahty 
and margm of safety of ana,esthetles 

SUlV[MAI~Y 

The mortahty of mature, male B1 mine upon exposure to 3 5 pc1 cent Fluo- 
thane m oxygen for 10 minutes may be as, low as 5 per cent ol as high as 76 
per cent, depending upon the olgamsm's circadian system phase, Predm,tably 
pellodm changes m suscephbdlty can be found m test ammals of several age 
groups, apart from differences m susceptlblhty as a funehon of age Further 
consideration of the orgamsm's hme structure, as revealed by its rhythms, may 
lead to safer anaesthehe practices 
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R~Sr~-M~ 

Nous fmsons une 6rude de la toxac~t~ de rhalothane, en nous servant de souns et 
de la m6thode d'analyse de p6nodm~t6 md~recte Ce travml rapporte des r6sultats 
exp6nmentaux sur une cycle carcadmn (c~rca, d~es, un rhvthme dont la p6node 
est d'envaron g4 heures ) daras la resastance d'un orgam,i, me VlS-~-ws de rhalothane 
Era tenant compte du facteur temps et de facteurs de teehmque bmlogNue exp6- 
rrmentale, la mortaht6 de souns B~ m~les-ayant resp~tir6 des vapeurs d'halothane 

3 5 pour cent dans roxyg~rae durant 7 ~ 10 minutes-aurs~t varl6 de 5 ~ 76 pour 
cent solon la phase du syst~me e~rcachen, ~ e,  la &stnbuhon des temps internes 
de rorgamsme (fig 3) Cos r~sultats 6tment ~ pr6vo~r d!'apr~s les&udes ant6nemes 

" m ,, le pentobarbx- strr le hbnum, sur 1 ethanol, sur los convulsmns aud g6mques, sur 
tal et sur rSther hexafluroda6thyhque La d~scussmra de ces travaux soul,re la 
queshon de ram6horahon possible de la prahque d.~ ranesth6sm, s~ cos doran~es 
s'apphquent au rapport toxm~t6/th6~apeuhque des agents ,mesth6s~ques 

REFERENCES 

1 HALBERt, F Clrcachan Rhythms, a Basxs of Htmmn l?ngmeermg for Aero-Space In 
Psychophyslologacal Aspects of Space Fhght, edited by B Flaherty p 166 New York 
Columbia Umverslty Press ( 1961 ) 

2 RAVENTdS, J The Actaon of Fluothane, a New Volatde Anaesthehc Brat J Pharmacol 
11 394 (1956) 

3 RA'VENTdS, J & DEE, J The Achon o~ the Halothane-D~iethyl Ether Azeotropm Mixture 
on Experimental Ammals Brat j Anaesth 31 46 (1959) 

4 KRANTZ, ] C,  PARK, C S, TmnTT, E B, & LrNa, A S C Anesthesia LVII A Further 
Study of the Anesthetae Properhes of 1,1,1 Tnfluoro-2,2 .bromochlorethane (Fluothane) 
Anesthesiology 19 38 (1958) 

5 MORc~, E T & JOBaEN, E A Fluothane Compared to Chloroform and Ether m Mice 
Acta Scand Anaesth 3 173 (1959) 

6 JONES, W M,  MARGOLIS, C,  & STEVEN, C R Hepatotoxlty of InhMatmn Anaesthehc 
Drags Anesthesiology 19 715 (1958) 

7 H~T.nE~C, F Physmlogm 24-Hour Penodiclty, General and Procedural Conslderatmns 
wath Reference to the Adrenal Cycle Z Vltamm-Hormon u Fermenfforsch 10 225 
( 1959 ) 

8 FI"NNEY, D J Statastaeal Methods m Blologacal Assays New York Haffner (1953) 
9 PXTTENDmCH, C S In Circadian Rhythms and the Cllltcachan Orgamzataon of Living 

Systems Cold Spring Harbor Syrnposm on Quant Biol, vo] 25, Long Island Bml 
Assoc, New York, 1960, p 159 

10 HALBERG, F,  BITTNEla, J J ,  GULLY, R J,  ALBRECHT, P G,  & ][3RACKNEY, E L 24-Hour 
Penodaclty and Audiogemc Convulsions m I Mine of Vanous Ages Proc Soc Exper 
Bml Med 88 169 (1955) 

11 H~LBF_~C, F ,  BrTTNER, J ] ,  & GULLY, R I Twenty-four-hour Penodm Suscephbdlty to 
Auchogemc Convulsmns m Several Stocks of Mine Fed. Proc I4 67 (1955) 

12 I-~aBEaC, F ,  JOHNSON, E A, BnO~'N, B W,  & BITTN~.R, J ~ Susceptabthty Rhythm to 
E coh Endotoxm and Bmassay Proc Soc Exper Blol Med 103 142 (1960) 

13 HALBERG, F & STEVENS, A N Suscephblhty to Ouabam and Physmloglc C1rcadmn 
Penodiclty Proc Mann Acad Scl 27 139 (1959) 

14 HAUS, E & HALBERt, F 24-Hour Rhythm m Susceptablhty of C Mine to a Tome Dose of 
Ethanol J App1 Physml 14 878 (1959) 

15 MARTE, E & HALBElaG, F Circadian Suscephblhty Rhfihm to Llbnum Fed Proc 20 
305 ( 1961 ) 

16 In "Circadian Systems,' Report of the Th!rty-Nmth Ross Conf of Ped Res, 
edzted by S J Fomon, p 52 Columbus l%ss Laboratories (1961) 

17 Acre:N, 6 ,  WmAND~, O, & jOnPZS, E Cychc Changes in the Glycogen Content of the 
Liver and the Muscles of Rats and Mine Thmr Bearing upon the Sensltavlty of the 



290 CANADIAN" ANAESTHETISTS' SOCIETY JOURNAL 

A n ~ l s  to Insulin and Their Ir~luer~ce on the Unnary Output of Nitrogen B1oehem j 
25 777 (1931) 

18 M o ~ ,  J C A Dmmal Vanatton Im the Produetaon of Tumor~ J PathoL Bact 57 
(1045) 

19 EDLUr~, Y & HOL~G~a~r, H Exper~mentelle Stuchen des Verhaltens der Narkose zu 
verselnedenen Zelten der 24 Stunden-Penode Z geszmt exper Mechzm 107 26 
(1939) 

20 
Spectra, Twenty-four Hour Periochcaty , aud hghtmg Scaence 128 657 (1'g58) . 

H~m~o ,  F ,  JACOBSON, E,  WADSWOB 1~ G,, & BiTr~mla, J Audaogemc Abnormah 

9.1 SAVACE, L R,  BAo, M M, & HALB~,  F Test of Peak Values m Phymopat.hdogle Time 
Senes Expel Med & Surg 20 309 {] 1962) ur 

22 HALB~aC, F Some Physaologleal and 'lClmu a! Aspects of 24~ Penochcaty The Jo - 
nal--Lamcet 73 20 (1953) 

23 tL~r,nmao, F & HOWABD, R B 24-Hour Pexlodtcaty and Experimental Mecheme Examplea 
and Interpretataons Postgrad Med 214 349 (1958) 

24 DAvls, W M Day-Night Pelaochclty m Pentobarb, tal Response of Mice and the Influence 
of Soclo-psycho|ogacal Conchtlons Expenentm 18 235 (1962) 

25 DAvis, W M & WSBB, O L A ~hrea~an Rhythm of Cher~oeonvuls:ve Response 
Thresholds an bhce Med Exp 9 2,1~3 (1963) 

26 E~erL~.W, S T & ~ ,  W Acttvaty l!~yt.hm an Peromyscus Its ~r~fluenee on Bates of 
Recovery from Nembutal Scxence I412 1682 (1963) 

27 HALBm~C, F, Lowsr~sorr R, WhiTE,L, B, BEAB~Arr J, & AO~NS, G H C~rcadaan 
Systems D~fferences m Penod of IC1rcadmn Rhythms or m Thelr Component Fre- 
quenc:es Mmn Acad Sc, 28 53(1960 ) 


