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For centuries there has been interest expressed in the variations of biological 
sensiti\ity with the time of day. As early as 1797, HUFELA\.D of London 
published a monogra-ph entitled T/7e A? t of P)olonging Life, relating the 24-ho1ir 
period and the regular revolution of our carth and how this affects the physical 
economy of man. I n  1938, JORES, mentor of the Society for the Study of Biolog- 
ical Rhythms, compiled a review of the Loluminous literature on the physi- 
ology and the pathology of 24-hour rhythms. In  1951, SMITH et coll. of the United 
StatesPublicHralth Service reported on the effects of hibernation in tlic marmot 
on survival time following whole body radiation. His numbers were small, 
nine marniots in each group, and he used two different closrs, delivering 
higher dose to the hibernating animal than to the non-hibernating animal. 
His experiments showed that there was a delay in the occurrence of' death 
following irradiation in the hibernating x ersus the non-hibernating animal. 
This phenomrnon may be explained by the lower body temperature of the 
hibernating aninial with an accompanying reduced metabolic rate. The  data 
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indicates that there is no significant decrease in radiation lethality when the 
animal is in hibernation, and that reduced metabolic activity only produces a 
delay in the response and does not significantly alter the sensitivity. 

There have been several articles on the variation of sensitivity to ionizing 
radiation with age, one of the most extensive studies being that of STORER 
(1957, 1962). I t  has also been pointed out by EVANS et coll. (1962, 1964) that 
there is an alteration in the radiosensitivity of mice using anesthesia. RUGH 
et coll. (1963) published data on a total of 2 347 mice of two different strains 
checking the survival time of the animals up to thirty days post radiation. 
Whole body exposure was delivered to the mice using 184 kV roentgen 
rays with half value layer of 0.6 mm Cu. I n  his study he was unable to obtain a 
statistically significant variation in the sensitivity. STRAUBE (1963) exposed 
ninety f’emale Sprague-Dawley rats to 900 R using 280 kV roentgeri rays with 
half value layer of 2.03 mni Cu to duplicate PJZARRELLO’S (1964) esperin:ent. 
He was unable to confirm the dramztic results of the early paper of PTZAKRELLO 
et coli. !1963). 

R1i.hough in the literature one does find such thirigs as variatioa in sensitivity 
with temperature, age and anesthesia, there have been very few reports clenion- 
strating; the phencmenon of a diurnal variation in seiisiiivity until receritly. 
In  1963, we inr;estiga.ted ;his phmomenoii in 468 mice. Three diKerent strains 
offemak Ja-ckson mice were used, C57BR, C57B1, and CBA. ,4t that time, a 
significant difference in the radiation response as a function of the tin:e of 
day was not demonstrated. This may be explained in that the light-dark 
cycle was controlled by manually turning the lights on arid off five days a 
week, and also perhaps the estrus c,ycle caused us to show no significant varia- 
tion jn sensitivity. 

In  iltigust 1963, PILGRIM of Germaiiy published a report, and, in 1963 also, 
PrzAmw:r,x o prescn ted data on h r t y  rats: which showed a variation in survival 
time aficr whole body radiation at  two times of theday. HALBERG (1959, 1963), 
particularly in his articles on the 24-hour cyde, showed that there was a 
variation following parenterally adniinistered erdotoxin. In 1964, PIZARRELLO 
performed a new experiment to study the 24-hour cycle in mice to determine 
their variation in serisitiviiy to whole body radiation. For ease in comparing 
results relatiire to irradiation time, PIZARRELLO put his data in terms of 
‘Arbitrary Zeitgeber Time’ (AZT), where 0000 e q i d s  7 a.m., which is the 
beginning of the light cycle. He was able to observe that the shortest s:irvival 
time post radiation, occurred with the group irradiated at 2 a.m. local time 
or 1 900 AZT. He also replotted RIJCH’S data in terms of days when 50 % of 
the population were dead as a function of the time of day, and hepointsout 
a remarkable coincidence of their two data. 
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Table 

Results obtained in the Swiss Webster mouse experiments 

Group A Z T  LD,s* LDm* TBW,** TBWd* TBWD 
TBWT, 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
Controls 

0100 
0300 
0500 
0700 
0900 
1100 
1300 
1500 
1700 
1900 
2100 
2300 
- 

73.33 :; 
73.33 
76.67 
73.33 
70.00 
70.00 
83.33 
80.00 
70.00 
86.67 
83.33 
70.00 
- 

83.33 yo 31.63 
80.00 31.11 
90.00 30.57 
73.33 29.29 
90.00 29.84 
90.00 30.18 
96.67 29.91 

100.00 29.43 
83.33 29.38 

100.00 30.34 
96.67 31.13 
96.67 30.57 
- 29.14 

22.062 
21.841 
20.71 1 
20.444 
19.356 
19.955 
18.778 
19.400 
19.025 
18.994 
18.928 
19.325 
29.746 

0.697 
0.707 
0.688 
0.693 
0.649 
0.662 
0.618 
0.660 
0.636 
0.6 17 
0.632 
0.655 
1.027 

* Percent mice dead at fifteen and thirty days post radiation, respectively. 
** Total body weights one day pre-irradiation and a t  death, respectively. 

Recattse of the indications both pro and con dinma1 \-ariation?, a new sludy- 
was undertake11 to deteiinine whether scch ‘circadiari’ Iwiations in susccpti- 
bility to radiation injury did exist. 

Method 
In  ordcr to reduce the number of variables encoiinLered in tryicg to detect 

diurcal variations, the f’ollo-cliing steps were taken: (1) each groLp withirr the 
series contained a statistically significant number of animals; (2) t h i  mice 
were all from the same breeder farm; (3) the age range of the mice was & 1 day; 
(4) the mice u-ere of the same weight & I gram; (5) the mice ttrre acclimatized 
and conditioned for a period of at least 14 days prior to irradiation; (6) only 
male mice werc used to eliminate the possibility of the estrus cycle oveishaclow- 
ins any variation in diurnal semitibit);; (7) the mice were irradiated during 
one 24-hour period. 

Fohr hundred male Swiss M’ebster mice, 6 weeks old were used in our 
experiment. The mice were placc d in individual cage5 in a room with no othcr 
animals. The weights of the animals were checked cvery 7 days. The animals 
were divided into 13 groups, the 12 radiation groups had 30 mice each arid 
the coiitrol group had 40. The windows and the dooi in the animal room were 
covered so that no light could enter the room. The lightinq cycle was controlled 
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by a r  autornatic clock and the lights remained on 7 days a week from 7 d . m .  

to 7 p. ni. and off from 7 p. 111. to 7 a. m. The mice were conditioned in this 
manser until they were 14 weeks of age or 8 weeks after thev arrilcd ‘11 this 
institcrion. On  the 8th week plus 1 day, the 12 groups were irradiated. l‘he 
twelve groups \yere irradiated at  2-ho~;r inter! 21s. Foi purpose of C~rriprisoii, 
the times of irradiation relative to the d,Ly-night cjcle are expressed in terms of 
‘Arbitrary Zei cgeber Time’ (AZT) . Therefore, the mice werc exposed beginning 
at 0100 AZT, which waq 8 a. ni. 

The animals wrre irradiated during a sir.gle 24-hour peiiod so ds to 1wen 
the possibility of age and stock becoming another J ariahle. l h e  ai:imals were 
irradiated bilatcrally using two Picker Vanguard 280 k\.’ X-raj machines 
operatiiiy at HVL 2.0 nirn Cu with an exposure rate of 42 Riniin. A 
jig was designed to h~!d  ihirty aniinals and to ,giT,e a linitorni dose to all animals. 
Exposure was determined using a Victoreen electrometer with a chamber 
that had beec calibrated at the National Bureau of Standards. X check OIL the 
output was made after every third run during the experiment and i t  was found 
that thc output did not vary more than & 0.2 Rrmin. Eor purposes of coni- 
paring our data with PIZARRELLO’~, the 12 groups of mice were exposed to 800 R. 
Cornniencirig at  0100 AZT, the aninials were brought to the roentgen room 
on racks, placed ir; the radiatio1, holder and exposed. The daytime group 
presented n o  probleni at all. However, the night group starting at 1 300 AZT 
had to be kc pt alwdys iri the dark. This was act omplished by ha\ ing an opaque 
cover puc o\ er the animal rack when it was brought to and from the radiation 
iuom. The aniinals were insertecl into the radiation holder under essentia!l\ 
dark Londitioris except for a 15-watt dark red bulb. 

Starting with day-1 post-radiation. the animals were checked twice a day 
fix lethality. At death, their total body-weight was determined. The weights 
of the animals were not taken at a n y  time poqt-radidtion except at death 
because of the possible added trauma which might alter the deF.th late. 

Statistical analysis 

As cim be seen from the Table, there appeared to be a defirite trend of 3 
greater lethality for the night group than the day group. I t  also appeared 
ihat groups 4 and 9 had a lower mortality rate. 

A chi squared test was doiie to compare the lethality of the total day group 
with the total night group. The X; = 11.14 with one degree of freedom gave 
a significant differences of 0.001 i P .  

A comparison between the day low-nioriality group 4 with group 3 just 
preceding it, gave X; == 1.78, and with 1 degree offreedoni was 0.25>P>O.l0. 
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Then qroiIps 3 and 5 were compared to group 4. This gave x2 = 3.05, and 
with 1 deyree of freedom was 0.10>P>0.05. This calculation was clone to 
determine if group 4 was signiiicantly different from the other day groups. 

The same comparison was done for the night group, 9 compared to 10, 
X: equaled 3.50, a n d  with 1 degree of freedom was O.lO>P>0.05. HoweLer, 
when groups 8 and 10 were conipaied to 9, X: = 7.63, and with 1 degree of 
freedom the resirlt way qigriificant 0.10 > P> 0.005. 

All the \ d u e s  of the day group were irldividually compared arid the \aria- 
tiow froni one group to mother proled that it could be rantloni. 
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S U M M A R Y  
Using 400 Swiss Webster male mice, 14 weeks old, an investigation was undertaken to 

determine their variation in sensitivity to radiation as a function of the time of day as measured 
by their death rate. Twelve groups were exposed to 800 R with 280 kV roentgen rays HVL 
2.0 mm Cu, at two-hour intervals. Using chi square tests, the night group as a whole appeared 
more sensitive than the day group as a whole, 0.001 P. The variations within the day and 
night groups were not considered to be significant. 

Z US A M  M E N F A S S U N G  
Es wurde an 400 vierzehn-Wochen alten mannlichen Mausen untersucht, inwieweit zu 

verschiedenen Tageszeiten eine Verschiedenheit der Strahlenempfindlichkeit besteht. Dies 
wurde durch die Totlichkeitsrate ausgedriickt. Zwolf Gruppen erhielten eine Strahlendosis von 
800 R mit 280 kV, HVL 2,0 Cu mit zweistundigen Interwall. Unter Verwendung von 
,,chi square tests” ergab sich, dass die ganze Nachtgruppe strahlensensitiver als die Tages- 
gruppe war (0.001 P). Die Unterschiede innerhalb der Tages- und Nachtgruppen waren 
nicht signifikant. 

L’auteur a t tudi t  sur 400 souris mBles Swiss Webster Bgtes de 14 jours les variations de 
leur radiosensibilitt en fonction d u  moment de la journte, mesurte par leur taux de mortalitt. 
Douze groupes ont t t t  exposts B 800 R de rayons roentgen de 280 kV et de C.D.A. 2 mm 
Cu, B des intervalles de deux heures. Les tests chiZ ont montrt que I’ensemble des groupes 
irradiks la nuit est plus radiosensible que I’ensemble des groupes irradits le jour, avec une 
probabilitt de 0,001. Les variations B l’inttrieur des groupes de jour et de nuit n’ont pas 
t t t  considtrtes comme significatives. 
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