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24-Hour Rhythms at Several Levels of Integration in Mice on Different 
Lighting Regimens.* (23915) 
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Division of Cancer Biology, Depts. of Pathology and Physiologic Chemistry, University o f  

Minnesota Medical School, Minneapolis, Cambridge State School and Hospital, 
Cambridge, Minn., and Merck Znst., Rahway, N .  J .  

Ordinarily, lighting regimen controls the 
timing of eosinophil rhythm ( 1 ) , as well as ac- 
tivity rhythm ( 2 ) ,  in mice and other experi- 
mental animals(3,4). A shift in timing of 
daily periods of light and darkness can there- 
fore be used to displace the da.ily time of peak 
or trough of the eosinophil rhythm (3), as long 
as physiologic conditions are maintained [ e.g., 
in fully-fed, healthy animals, but not in mice 
severely restricted in dietary calories ( 1 ) ] . It 
will be shown that daily “high” and “low” of 
other 24-hour rhythms also may be shifted by 
manipulation of illumination. An earlier sug- 
gestion, that lighting is ordinarily the domi- 
nant synchronizer of eosinophil rhythm in 
mice( 5 )  can now be extended to a number of 
additional 24-hour periodic phenomena, some 
of them metabolic and/or cellular functions, 
others reflecting operation of integrative con- 
trols(3,6) of rhythm. 

-%faterials and methods. Mice of inbred 
strains, maintained in the Division of Cancer 
Biology at  the University of Minnesota, by 
brother-to-sister mating, for over 50 genera- 
tions were used: D8 (Dilute Brown) mice for 
the study of epidermal mitoses (males, - 4 
months of age), of liver glycogen (both sexes, 
- 7 months of age) and of blood “corticoster- 
one7’ (females, - 15 months of age) ; C (Bagg 
Albino) mice for the study of liver mitoses 
(males, - 5 weeks of age), of liver DNA 
(both sexes, - 5 weeks of age), of liver phos- 
pholipid and RNA (males, - 6 weeks of age), 
and of blood sugar (maIes, - 2 5  months of 
age). From the time of weaning and through- 
out the investigations, Purina Laboratory 
Chow and tap water were available to the ani- 
mals ad libitum. The mice were first 
“standardized” for a t  least one week prior to 
each study. For this purpose, they were 
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placed in single cages, in rooms maintained at 
a temperature of 78 t 2°F and illuminated 
by artificial light only. The mice were dis- 
turbed only once weekly for cage cleaning and 
food replacement. The cages were last cleaned 
and fresh food was given 3 days prior to kill- 
ing. Thereafter, nobody entered the room, 
except for a daily brief and quiet checking of 
the water bottles and, in the experiments in- 
volving radiophosphorus, for tracer injection, 
2 hours before killing, as described( 7 ) .  Metal 
cages admitting light solely through the gal- 
vanized mesh door were used. Prior to study, 
photometer readings were made during the 
light period in selected cages, from different 
positions on the racks. On the top rows, light 
intensities varied from the front to the back 
of a given cage, from - 14 to - 3 footcandles; 
on the bottom rows the corresponding varia- 
tion was from - 3 to - 1 footcandles. In  
each room, a clock-controlled switch turned 
the lights on and off, at 12-hour intervals, ac- 
cording to a set schedule. Two schedules of 
illumination were used : the “regular” schedule 
provided for light from 6 a.m. to 6 p.m., while 
the “reversed” schedule provided for light 
from 6 p.m. to 6 a.m. All of the mice were 
first placed on the regular schedule for the 
week of standardization. Thereafter. in the 
studies of blood glucose, liver glycogen and 
phospholipid, the regular schedule was con- 
tinued for some of the mice, while others were 
placed on. the reversed schedule. Either sched- 
ule was then maintained unchanged for 8 days 
(phospholipid) or for 2 weeks (blood glucose 
and liver glycogen). Finally, the mice on 
both schedules were killed on the same day, at 
the same 2 times which were those of the daily 
“high” and “low” in a given variable (previ- 
ously established on a regular schedule of 
lighting, in experiments based upon data from 
7 groups of mice, killed at 4-hour intervals, 
during each of 2 independent 24-hour periods) 
(8,9, and unpublished data), I n  these studies 
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the groups on the 2 schedules of lighting, were 
actually killed in succession. a t  each of the 
2 times of sampling--the hours listed with the 
results representing the mid-points of the pe- 
riod needed for the killing of both groups (the 
regular and the reversed). This total period 
of sampling was of about one-hour duration. 
mice in a given group being killed a t  2-minute 
intervals. Mitotic activity in pinnal epidermis 
and hepatic parenchyma. and hepatic RSX 
and DY.4 metabolism were studied a t  2 time 
points, with mice on a reversed schedule for 8 
days (hepatic mitoses and R X A ) .  2 weeks 
(DXA) and 23 days (pinnal mitoses). respec- 
tively. Earlier data for comparable mice, kept 
on the regular schedule will be used for com- 
parison(8,9 and unpublished data).  The two 
series on serum corticosterone each describe 
7 groups of mice. killed a t  4-hour intervals. 
throughout a 24-hour period: in this study. 
the group on the regular schedule was sampled 
first. For the remainder of the mice, the re- 
versed schedule was then instituted and main- 
tained for 2 weeks prior to killing. lloreover. 
for the study of “corticosterone.” pools of se- 
rum were used, by contrast to the rest of the 
data, all of which describe individual mice. 
Methods described elsewhere were used for de- 
terminations of blood glucose ( 10). blood “cor- 
ticosterone” (according to Silber. Bush and 
Oslapas) , liver glycogen ( 1 1 ) . and relative spe- 
cific activity (RSX) of hepatic phospholipid 
( 7 ) . RNA( 12 ) , DSA( 13 ) . The tissues proc- 
essed for mitotic studies were iised in Rouin‘s 
solution. embedded in paraffin. cut a t  5 p. 

stained with Heidenhain’s iron hematosylin 
and mitotic counts were made as previously 
described( 14) ,  all of the counts in a given 
study being done by the same individual. 

Results. The results of this study are 
shown in the figures, which reveal consider- 
able variability in individual values (height of 
columns) and/or the standard error of each 
mean (see shaded areas around means. indi- 
cating t 1 standard error). The limitations 
of our illumination which varied from the top 
to the bottom of the racks as well as from the 
front to the back of a given cage (see meth- 
ods), may have contributed substantially to 
this variability. I t  is further recognized that 
with the “spot-checks” carried out herein a t  

only 2 time points on the reversed schedule, 
the completeness of inversion of rhythm can- 
not be ascertained, a consideration which may 
be particularly pertinent to the data on he- 
patic mitoses (Fig. I f ) .  We can conclude, 
however, for all of the functions studied that 
an important shift of rhythm had taken place 
following the shift of lighting schedule. It 
also is pertinent in this connection that except 
for blood “corticosterone,” the day-night dif- 
ferences on both schedules were tested by Stu- 
dent’s t and were found to be significant. 
Blood “corticosterone” is the only variable 
for which a statistical test was not carried out, 
since each point, in each series, is based upon 
only one determination, made on a pool of 
serum. I t  is pertinent, though, that the peak 
in blood “corticosterone” occurred at the time 
previously predicted on the basis of the daily 
periodic eosinophil behavior of mice recorded 
by others as well as ourselves on a regular 
( 15-18) or on a reversed schedule( 1 ) .  While 
the occurrence of the daily “corticosterone” 
peak at  the time of periodic eosinopenia sug- 
gests that it is real, i t  is noted that the degree 
of specificity of the fluorometric procedure 
used for corticosterone determination has not 
been ascertained in this study. Therefore, in- 
stead of plotting absolute amounts, the rela- 
tive levels of blood “corticosterone” are given 
in Fig. 1 d,  i .e. the changes are expressed as 
per cent of their 24-hour mean. 

U-ith particular reference to Fig. 1 f ,  i t  may 
be noted that the day-night differences in mi- 
totic count of liver parenchyma had changed 
sign and were statistically significant, at 8 
days after inversion of lighting. while a t  the 
same time point, mitoses in pinnal epidermis 
were as yet not reversed (data not graphed). 
But a t  23 days after lighting inversion, the 
shifted timing of mitoses in pinnal epidermis 
was clearly apparent (Fig. 1 f ) .  That a shift 
of rhythm occurs only gradually (rather than 
abruptly) following the sudden change in 
lighting regimen has previously been shown 
elsewhere for rhythms a t  the level of the body 
as a whole(2,4) and in our laboratory, with 
special reference to cellular rhythms( 1,19). 
This study, in turn, demonstrates that such 
shifts of rhythm (by shifts of lighting sched- 
ule) are the rule rather than the exception, as 
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FIG. 1. Physiologic 24-hr rhythms a t  various levels of organization. Mouse. Data on schedule 
of light from 6 p,m. to 6 am., alternating with 12 hr of darkness, are compared with data on 
light from 6 a.m. to 6 pm. Previously published data are used for lines in Fig. le(8) .  t value 

fo r  day-night difference in epidermal mitoses based upon log,, transformation of counts. 

regards 24-hour periodic phenomena at  dif- 
ferent levels of organization (20-33). 

Summary and conclusions. The following 
variables were studied in the mouse under 
conditions standardized for evaluation of 24- 
hour periodicity : glucose and "corticosterone" 
in blood; mitoses in pinnal epidermis and he- 
patic parenchyma; liver glycogen and the 
hepa tic metabolism of cytoplasmic phospho- 
lipid and ribonucleic acid and of nuclear de- 
oxyribonucleic acid. For each variable, data 
obtained with light from 6 p.m. to 6 a.m. alter- 
nating with 12 hours of darkness, were com- 
pared with data obtained with light from 6 
a.m. to 6 p.m. A shift in timing of 24-hour 

rhythms, following the inversion of lighting 
regimen came clearly and consistently to the 
fore. Ordinarily, environmental lighting is 
the dominant synchronizer of various 24-hour 
rhythmic functions, a t  different levels of or- 
ganization of mice: by instituting an appro- 
priate schedule of lighting and by allowing 
thereafter for the necessary shift time, one 
may set the peak or trough of rhythm to any 
chosen clock hour. Moreover, by controlling 
the timing of various periodic functions with 
respect to the environment, defined phase re- 
lations are brought about among the various 
physiologic rhythms themselves. The possi- 
bility to control timing of these rhythms by an 
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easily manipulated environmental factor is of 
obvious practical interest, but it also consti- 
tutes a requisite for a basic analysis of func- 
tions, within the range in which they vary 
under ordinary circumstances. 
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Staphylococcal Enterotoxin : Increased Vomiting Incidence in Monkeys 
Following Subemetic Doses of Dihydroergotamine.* (23916) 
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Very little definitive information is avail- 
able on mode and site of action of staphylo- 
coccal enterotoxin. It has been suggested that 
action of enterotoxin is peripheral rather than 
central and that it affects either the sensory 
nerve endings or the smooth muscle of small 
intestine( 1 1.  Experiments with isolated in- 
testinal strips show no direct stimulatory ac- 

* This work was supported by contributions from 
various companies and  associations of food industries. 

tion of enterotoxin ( unpublished7 2 ) .  The  ac- 
tion of enterotoxin upon some specific area of 
the central nervous system has also been sug- 
gested(3). The results with animals sub- 
jected to various denervation and surgical 
procedures have been interpreted as indicat- 
ing the site of action in the forebrain(4), but 
enterotoxin induced vomiting in chronic, to- 
tally decorticate cats with the third ventricle 
and surrounding structures intact ( 5 ) .  The  


