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STURTEVANT, R. P. AND S. L. GARBER. Light-dark and feeding regimens affect circadian phasing of blood-ethanol
decay rates. PHARMAC. BIOCHEM. BEHAYV. 13(5) 637-642, 1980.—Rats maintained on a 12 hour:12 hour light-dark
cycle, with food continuously available, exhibited a prominent and reproducible circadian rhythm in the stope of the linear
blood-ethanol clearance curve. Peak values fell near the end of the dark period and trough values late in the light period.
These phase relationships persisted with 4, 8 and 12 hour phase shifts of the illumination schedule. However, when food
availability was restricted to 4 hours per day the feeding regimen became the dominant synchronizer for the rhythms in
blood-ethanol decay rate and body core temperature. With resumption of the ad lib feeding regimen, the L-D cycle again
entrained these rhythms. Ethanol injections (1.5 g/kg, IP) did not alter the expected excursion of the circadian temperature

curve, as measured 4 hours after dosing.
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THE concept of a time-dependent component of pharmaco-
logical response is slowly gaining recognition among investi-
gators who formerly and traditionally had focused upon
dose-dependent effects to define pharmacokinetic param-
eters. Temporal variation in the rate of blood-ethanol clear-
ance has been reported in human subjects following oral dos-
ing (5, 7, 14, 17, 18, 24] and in the rat after intraperitoneal
injection [13, 16, 22].

Our earlier studies [20], in which constant-rate ethanol
infusions were maintained for several hours in anesthetized
rats, suggested circadian variation in the blood-ethanol
decay rate. The present study was undertaken to extend
those observations to unanesthetized animals receiving sin-
gle intraperitoneal ethanol injections first, after acclimatiza-
tion to a defined L-D cycle, then after abrupt phase-shifts of
the illumination cycle and, finally, after restricted daily feed-
ing. In addition, we sought to examine the effects of these
environmental manipulations on the rhythm of body core
temperature.

METHOD
Animals

Forty-eight male Charles River rats, received at 1 month
of age, were caged in pairs within environmental chambers
equipped with individual air-exchange blowers and light-
control timers. Two Duro-test fluorescent lamps provided an
illumination intensity of 400 lux at cage floor level. A 12
hour:12 hour L-D cycle was maintained during the 3 studies
reported here, with the light phase beginning at 0900 (CDT)
during Studies 1 and 2-A. During Studies 2-B and 3 the onset
of the daily light phase was staggered by 4-hour intervals for

the various experimental groups, as described below. All
animals were weighed at weekly intervals.

Temperature Measurements

After a 4-week acclimatization to each new L-D or feed-
ing regimen, body core temperatures were measured using a
thermistor thermometer (Yellow Springs Instrument, model
43 TA) by inserting a lubricated probe approximately 3 cm
into the anal opening. Readings were made at 4-hour inter-
vals for a total of 7 readings per animal, thus repeating the
initial time point 24 hours later. For those rats receiving
ethanol at the time of temperature measurement, the tem-
perature determination always preceded the ethanol injec-
tion because of the known hypothermic effect of ethanol.

Ethanol Dosage and Analysis

Ethanol was administered as an 11.7% (w/v) solution, di-
luted with 0.9% NaCl. All doses were 1.5 g ethanol’kg body
weight and were administered intraperitoneally. The 48 rats
were divided into 6 equal groups, and each group was in-
jected successively at 4-hour intervals (serially-independent
injections). Injection times for the different groups were
0900, 1300, 1700, 2100, 0100 and 0500 with each treatment
group being housed within a single environmental chamber.
Our standard ethanol concentration and the optimal dose
protocol had been established in earlier studies [23].

Beginning precisely 60 min after dosing, a 20 ul tail-vein
blood sample was withdrawn using a calibrated capillary pipet.
The sample was mixed with l-propanol (G.C. internal stand-
ard) plus preservatives (NaF and NaNOQ,) in a 100x125 mm
Vacutainer and then immediately chilled. All blood samples
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TABLE 1
EXPERIMENTAL REGIMENS
Ethanol
Study n Hrs light Feeding (1.5 g/kg) IP
1 48 0900-2100 Ad lib  4-hr intervals
6 subgroups (n=8)
2
Group A 24 0900-2100 Ad lib  4-hr intervals
6 subgroups (n=4)
Group B 24 Staggered 4 hr/day 4-hr intervals
6 subgroups (n=4)
3 48 Staggered Ad lib  4-hr intervals

6 subgroups (n=8)

were frozen within 1 hour of collection and were stored at
—70°C until analyzed. Seven additional blood samples per
animal were drawn at 20-min intervals, the last sample being
taken 200 min after dosing. Blood-ethanol concentrations
were determined by gas chromatography using a modifica-
tion of the micromethod developed in our laboratory [19].

Light-Dark Phase-Shifts and Feeding Regimens

The L-D schedules and feeding regimens in the 3 studies
are outlined in Table 1. For Study 1, the rats were main-
tained on an L-D schedule of light 0900-2100 (CDT) and
were allowed food (Purina Rat Chow) ad lib. After the initial
series of ethanol injections on 12 July, 1978, these 48 animals
were divided into 2 equal groups, A and B, for Study 2.

Group A of Study 2 was continued on the same illumina-
tion and feeding regimen as before. For Group B, 20 of the 24
rats had the hours of light and dark abruptly advanced or
delayed for 4, 8 or 12 hours in order to effect 6 different 12
hour:12 hour L-D schedules, with the time of lights-on be-
ginning successively 4 hours later for each subgroup of 4
animals. No phase shifting was performed for the remaining
rats of Group B. Each subgroup of 4 rats in Group B was
housed in an individual environmental chamber.

Food and water continued to be available ad lib for all
Group B animals for 7 days, after which food was presented
manually at 0900 and the uneaten pellets removed at 1300
each day. Thus, as shown in Fig. 1, subgroup 1 ate their
single daily meal during the first 4 hours of the light period,
subgroup 2 during the middle 4 hours and subgroup 3 during
the last 4 hours of the light period. The rats in subgroups 4-6
were fed during the first, middle or final 4 hours of the dark
period.

All rats had water continuously available up to the time of
ethanol dosing and again after the last blood sampling. Food,
where otherwise available, was similarly removed during the
period from dosing to final blood sampling.

Following the ethanol injections and blood sampling of
Study 2 on 18 August, 1978, food was once again made con-
tinuously available to Group B rats, who remained on the
staggered L-D schedules. For Study 3 the rats from Group A
in Study 2 were subjected to the same staggered L-D
schedules to which Group B rats had been subjected a month
earlier. At all times Group A rats had had food continuously
available. On 6 September, 1978 all rats were again injected
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FIG. 1. Schedule of staggered 12 hour: 12 hour light and dark periods
for subgroups 1-6 in Study 2-B. The black bars represent the hours
of darkness. The hatched vertical bar indicates the 4 hrs of daily
food availability. For each of the subgroups (n=4), the feeding
period encompassed a different segment of the light or dark phase.

with ethanol, by which time the rats from Group A had been
maintained on staggered L-D schedules for 3 weeks and
those from Group B for 8 weeks. All rats were allowed food
ad lib for Study 3.

Timing of Ethanol Injections

For Study 2, dosing times for the food-restricted rats were
selected to approximate the feeding phase of the animals at
the times of injection for Study 1. This was done to assess
the effectiveness of the restricted feeding regimen to entrain
the blood-ethanol clearance rhythm. Sample population size
precluded injection times also coinciding with clock hours of
injection in both Studies 1 and 2-B. A preliminary study done
in our laboratory had indicated that our rats consumed most
of their food during the middle or late hours of the dark phase
of the L-D cycle, as also reported by many other investiga-
tors for nocturnally active rodents. The rats injected during
the latter part of the dark cycle in Study 1, presumed to be
well-fed animals, were injected at the end of the mealtime
(1300) for Study 2-B. Similarly, those rats injected at 1700,
late in the light phase in Study 1, were injected at 0900 in
Study 2-B, 20 hours after their last meal. The other 4 food-
restricted groups were assigned to the remaining dosing
intervals accordingly. Group A rats, having experienced
neither food restriction nor L-D cycle phase changes, were
injected at the same clock times in both Studies 1 and 2.

For Study 3, the rats injected at each of the 6 equispaced
dosage intervals included representatives from each of the 6
staggered L-D schedules. The remaining rats were randomly
distributed among the various injection periods. Further-
more, each injection group was composed equally of animals
previously food restricted and those always fed ad lib.

RESULTS
Ad Lib-Fed Rats

In Study 1, a prominent circadian variation in the slope of
the blood-ethanol clearance curve was observed (Fig. 2).
The maximal slopes fell late in the dark phase and the mini-
mal slopes late in the light phase. This was confirmed in
Study 2-A, which showed a similar timing of the peak and
trough values; however, the cosine-derived [10] mesor and
amplitude were less (Table 2). In Study 3 those rats experi-
encing the same circadian phase at the time of injection,
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FIG. 2. Circadian variation of the mean estimated slopes of ethanol
disappearance curves with the phase of the light-dark cycle for
Studies 1, 2-A and 3. Arrowheads indicate 4-hr intervals of (serially-
independent) ethanol injections (1.5 g/kg, IP) to groups of 4 or 8 rats
fed ad lib. For Studies 1 and 2-A the 12 hr light phase began at 0900.
For Study 3 the rats were on staggered 12 hr:12 hr L-D cycles. Note
that the first and last points repeat. Slopes + SE are shown at the
midpoint of sampling.

regardless of the clock hour of injection, were grouped to-
gether to assess a weighted mean blood-ethanol clearance
rate (Fig. 2). Although the rats had been subjected toa 4, 8 or
12-hr L-D phase shift prior to their third ethanol injection, a
similar circadian-phased pattern was again noted. Therefore,
the L-D schedule synchronized the rhythm under conditions
of both standard and phase-shifted illumination regimens
when food was continuously available.

A statistical analysis of the 48 rats injected in Study 1 and
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again in Study 3 was performed. Analysis of covariance [15]
tested the null hypothesis that the slopes of the individual
regression lines could have come from the same population.
For Study 1, F(5,285)=2.81, p<0.05. For Study 3,
F(5,218)=3.18, p<0.01.

Food-Restricted Rats

The rhythm of the 24-hr blood-ethanol clearance pattern
persisted during restriction of food availability to 4 hours/
day. As seen in Table 2, this feed-starve regimen effected
only minimal alterations in those rhythm characteristics
noted during the ad lib feeding regimens. The mean slopes
for each of the 6 injection-sampling periods are displayed in
Fig. 3. On the left of the figure (A), the slope values are
shown as a function of the hours of food deprivation. No
significant difference was noted among slopes of those rats
injected 0, 4, 8 or 12 hours after feeding; however, a Stu-
dent’s -test indicated a difference at the 0.05 level between
the groups injected 16 and 20 hours after feeding and the 4
groups more recently fed.

Figure 3,B depicts the same data as a function of the
phase of the L-D cycle at the time of dosing. Although the
first 2 data points reflect the clearance rates at about the time
of the dark-to-light change, they differ significantly. The
same is true of the last 2 data points, which occur 8 hours
after the start of the light phase. The 2 central points, at 4-5
hours into the light phase, do not quite reach a level of
statistical significance.

Although an analysis of covariance of the slopes in Study
2-B did not result in a statistically significant finding
(©>0.05), this could have been a result of the small number
of animals involved. Thus, when the data are depicted as in
Fig. 3,C, it is evident that the feeding phase, rather than the
L-D regimen, has entrained the rhythm in blood-ethanol
clearance rate. Maximal values occurred during the mid- to
late-dark hours with minimal values during the mid- to late
hours of the light phase of the L-D cycle.

No single group consistently gained more or less weight
than the others among the 6 food-restricted groups. These
groups had gained 23.5 g (range 11.8-29.5 g) after 11 days of
food restriction, an additional 24.8 g (range 10.5-26.8 g) 7
days later, and 18.6 g (range 8.5-18.8) another 8 days later.
The ad lib-fed group had gained 33.7, 30.6 and 16.0 g during
the same intervals, giving weight gain ratios of 0.70, 0.81 and
1.16 for the former rats compared to the latter.

Body Core Temperature

When the rats fed ad lib were subjected to the staggered

TABLE 2
CHARACTERISTICS OF BLOOD-ETHANOL DECAY RATE RHYTHMS

Study Mesor (95% C.L.)*  Amplitude (95% C.L.)* Light-dark phase
Peakt  Trought
1 10.1 (0.73) 1.9(1.4) MD-EL LL
2-A 6.8 (0.57) 1.3 (1.1 MD LL
2-B 6.3 (0.55) 1.2 (1.1) LD ML
3 7.5 (0.49) 1.0 (0.94) LD LL

*From single cosinor analysis with 24-hr period [10] as (—slopex10%) in

mg/ml/min.

tEL=early light; ML=mid-light; LL=late light; ED=early dark; MD=mid-dark;

LD-=late dark.
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FIG. 3. Mean blood-ethanol decay slopes + SE for groups of rats on 6 different 4-hr feeding schedules (LD = fed during late dark; EL = early
light; MD=mid-dark; ED=early dark; ML =mid-light; LL=late light). The blood-ethanol clearance slopes are shown as a function of 3
variables; on the left (A) as the time lapse (hours) between the last meal and ethanol administration, in middle (B) as the illumination phase
at the time of injection and on the right (C) as the feeding phase and its relationship to the L-D cycle.

L-D cycles in Study 3, the temperature rhythm was phase-
shifted accordingly, with the maximal values falling in the
dark phase and the minimal values observed approximately
12 hours later, as expected (Fig. 4).

In Study 2-B, 7 days after the imposition of the staggered
L-D schedules, the body temperature rhythms revealed a
shift in accordance with the L-D phase changes, with maxi-
mal values being attained during the dark phase (Figs. 5 and
6, dashed lines). At this time the rats were still being fed ad
lib. Food restriction regimens were then imposed as de-
scribed earlier, and 25 days later temperature rhythms were
once again assessed. A ca. 4-hour phase advance was seen in
those rats fed early in the light phase (Fig. 5, solid line). The
greatest phase change was noted in those rats fed during the
middle of the light phase (Fig. 6). The peak of one curve and
the trough of the other occurred at 0100 hr. Lesser phase
shifts, or none at all, were evident in the other groups after
food restriction. The cosinor-derived [10] mesor (M) and
amplitude (A) of the rhythmic patterns were somewhat
greater during the restricted feeding regimens than during the
ad lib regimens in most cases. In no case did the ethanol
injection alter the expected excursion of the circadian tem-
perature curve, as measured 4 hours after dosing, regardless
of whether the curve was on a rising or falling slope (Figs. 5
and 6, arrows).

DISCUSSION

These results confirm our earlier findings [20, 22, 23] of a
circadian variability in the blood-ethanol clearance rate in
rats fed ad lib. The timing of the maximal and minimal rates
of ethanol disappearance continued to be synchronized by
the L-D cycle and, as demonstrated in Study 3, responded to
phase advances and delays of the clock hour at which lights
were turned on and off. On the other hand, when food avail-
ability was restricted to only 4 hours/day, the rhythm was
synchronized by the feeding schedule. However, when the
rats were returned to an ad lib feeding regimen (Study 3), the
L-D cycle once again became the dominant synchronizer of
the rhythm. In fact, in Study 3 no difference in the rates of
drug clearance was noted between the group with food al-
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FIG. 4. Circadian variation in body core temperature of rats on 6
different 12 hr:12 hr light-dark schedules. Sample population was 48
rats, fed ad lib. Sampling interval was 4 hours, with a total of 7
measurements per animal. The horizontal line indicates the
cosinor-derived [10] mesor (M *+ 95% confidence limits) = 35.7°C +
0.10; amplitude (A = C.L.) = 0.5°C + 0.20; acrophase (¢ = C.L.) =
—180° + 24 referenced to mid-light span.

ways available (Study 2-A) and the group formerly food-
restricted (2-B).

The rhythm of blood-ethanol decay rate also persisted
with repeated dosing; however, both the amplitude and
mesor were decreased with subsequent drug exposure (Table
2). We assume this is not an age-related effect, because the
rats were still *‘young adults’’ (2, 3 and 4 months of age) at
the time of injection in Studies 1, 2 and 3, respectively. The 3
doses of 1.5 g/kg ethanol were well below those expected to
cause liver damage and were separated by 4-week intervals,
a drug exposure considerably less than that normally asso-
ciated with development of tolerance. One cannot discount



CHANGES OF ETHANOL CLEARANCE RHYTHM

37.0

36.5 }

36.0

35.5

BODY TEMPERATURE ©°C

TIME

FIG. 5. Chronogram of body core temperature of 4 rats fed ad lib
(dashed line) and after 26 days of feeding restricted to the early
portion of the light phase (solid line) (feeding phase indicated by
cross-hatched bar along abscissa). Note that the imposed feeding
regimen effected a ca. 4-hr phase advance of the high and low 24-hr
temperature values, the maximum value seen 4 hrs after ethanol
injection (arrow). By cosinor analysis, for rats fed ad lib, M = C.L.
= 35.60°C + 0.08, A + C.L. = 1.0°C = 0.15, ¢ = —254° = 8.6
referenced to 0900, or 0120-0230 hr; for rats on restricted feeding, M
+ C.L. = 36.2°C = 0.51, A £ C.L. = 0.5°C £ 1.0, temperature
maximum = 2100 hr.

(CLOCK HOURS)

the possibility that the decrease in rhythm amplitude may be
reflecting a circannual variation in ethanol metabolism, al-
though we have observed similar results in previous studies
begun during various seasons over the past 4 years. Since
our rats have always grown at a very rapid rate during their
first 6 months of age, we suggest that the observed attenua-
tion of the rhythm may be a result of changes in body
surface-to-mass ratio and that, since doses are given on a
body weight basis, a dose of 1.5 g/kg body weight, given in
one study, may not be equivalent to that same dose in a later
study.

Among the 6 food-restricted groups, no single group con-
sistently gained more or less weight than the others. Thus,
based on maximal weight gain, no one circadian feeding
phase appeared to be more advantageous than another. This
is in contrast to the findings of others [9,12] who reported
that, as the timing of a single daily meal became progres-
sively further displaced in time from the mid-dark phase, the
average weight gain decreased in a parallel fashion. Although
restriction of food to a single daily 4-hour period continued
for about 26 days in both our study and in that of Philippens
et al. [12], our rats were some 200 g heavier than theirs at the
beginning of the study and were abruptly shifted from an ad
lib feeding regimen to a restricted one, in contrast to a
gradual decrease in hours of food availability. With both
procedures, that is, with or without an acclimatization
period, rats continue to gain weight, although initially at a
lesser rate than ad lib-fed rats.
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FIG. 6. Chronogram of body core temperature of 4 rats on 2 differ-
ent feeding regimens; food continuously available (dashed line) and
food available only during the mid-light phase (solid line). Feeding
restricted to the hours shown by the cross-hatched bar along the
abscissa resulted in a shifting of the temperature curve so that the
trough of this curve fell at 0100 hr, where the peak occurred for the
ad lib-fed rats. Arrow indicates ethanol injections (1.5 g/kg, IP). By
cosinor analysis, for continuous feeding, M + C.L. = 35.8°C = 0.79,
A = C.L. = 1.2°C =+ 1.53, temperature maximum = 0100 hr; for
restricted feeding, M + C.L. =35.8°C = 0.42, A + C.L. =0.6°C =
0.82, temperature maximum = 0900 hr.

Ylikahri and Méenpéa [26] reported a 42% decrease in the
elimination rate of blood-ethanol in rats starved for 48 hours
as compared to those with food freely available. If the drug
elimination rate were solely dependent upon the nutritional
status of the animal at the time of dosing, we should have
observed steadily decreasing slope values in those groups
injected successively farther from the time of their last meal.
However, this was not the case; the rate of blood-ethanol
clearance in those rats injected 12 hours after feeding did not
differ significantly from the group injected immediately after
eating (Fig. 3,A).

On the other hand, if the rate of blood-ethanol decay were
solely dependent upon the phase of the illumination cycle at
the time of dosing, then the slope values for the 2 groups of
animals injected 8 hours after the beginning of the light phase
should have been similar; but this was not the case (Fig.
3,B).

Several years ago Halberg [3] pronounced that we are
“‘not only what we eat, but when we eat’’ as well. Studies by
a number of investigators have revealed statistically signifi-
cant differences in effects from meal timing in human sub-
jects [2], in squirrel monkeys [25] and in rodents [9,12]. If
caloric intake at one circadian-system-phase is not the phys-
iological equivalent of the same intake at another, it might be
suggested that maximal nutritional value would result from
food ingested during the most ‘‘natural’’ feeding phase for
rats, that is, the mid-dark period. In Study 2-B, those rats
allowed to feed during mid-dark metabolized ethanol at a
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significantly greater rate than others fed at an ‘‘unnatural”’
feeding phase. Because the groups fed at the most ‘‘unnat-
ural’” circadian phases (mid- and late-light) had also been
food-deprived for the longest times when injected (16 and 20
hours), it is not possible to separate the effects of feeding
phase and time lapse since feeding in the present study.

When food availability is limited to a discrete portion of
the light or dark period, modifications of the rhythmic pat-
tern of a number of physiological variables have been re-
ported [4, 8, 11]. Our findings that both the rhythm of body
core temperature and blood-ethanol clearance rate are syn-
chronized by limited hours of daily food availability confirm
and augment the list of variables known to respond to en-
vironmental manipulation. However, not all physiological
rhythms respond to light-dark phase shifts or to ‘“meal”
feeding at the same rate or to the same degree. Philippens et
al. [12] reported that several hepatic enzymes as well as
serum corticosteroid levels in rats appeared to reflect an
interaction of both restricted feeding schedule and the light-
dark cycle. On the other hand, Pauly er «l. [11] reported that
the rhythm of murine corneal mitosis was only minimally
altered by food restriction.

Our observations of peak clearance rates during the late
dark hours of the L-D cycle and lowest rates some 12 hours
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later (Fig. 2) complement the results of Soliman and Walker
[16]. These investigators analyzed the ethanol content of var-
ious tissues in ad lib-fed male rats one hour after injection.
They reported peak concentrations during the mid-dark
hours in both brain and liver, near the circadian phase at
which we found the greatest rate of blood-ethanol clearance.

We have found the Charles River rat to be suitable for
studies of the chronopharmacokinetics of ethanol. The
ethanolemia decay rate in the rat shows a temporal variation
not unlike that reported in man [17, 18, 24]. The blood clear-
ance curve for this drug is linear within the dose and blood
concentration ranges studied here [21]. On the other hand,
recent reports [1,6] suggest that the mouse is an inappropri-
ate laboratory model for such investigations since these in-
vestigators found a time-invariant rate of ethanol disappear-
ance from murine blood and brain. Therefore, it is suggested
that the laboratory rat is a more suitable model species with
which to pursue studies on this subject.

ACKNOWLEDGEMENT

These studies were supported by a grant from Loyola University
of Chicago, Stritch School of Medicine.

REFERENCES

—

. Deimling, M. J. and R. C. Schnell. Circadian rhythms in the
biological response and disposition of ethanol in the mouse. J.
Pharmac. exp. Ther. 213: 1-8, 1980.

2. Goetz, F., J. Bishop, F. Halberg, R. B. Sothern, R. Brunning,
B. Senske, B. Greenberg, D. Minors, P. Stoney, 1. D. Smith, G.
D. Rosen, D. Cressey, E. Haus and M. Appelbaum. Timing of
single daily meal influences relations among human circadian
rhythms in urinary cyclic AMP and hemic glucagon, insulin and
iron. Experientia 32: 1081-1084, 1976.

3. Halberg, F. From aniatrotoxicosis and aniatrosepsis toward
chronotherapy. In: Chronobiological Aspects of Endocrinology,
edited by J. Aschoff, F. Ceresa and F. Halberg. Stuttgart:
Schattauer-Verlag, 1974, pp. 1-33.

4. Hopkins, H. A., R. J. Bonney, P. R, Walker, J. D. Yager, Jr.
and V. R. Potter. Food and light as separate entrainment signals
for rat liver enzymes. Adv. Enz. Reg. 11: 169-191, 1973,

5. Jones, B. M. Circadian variation in the effects of alcohol on
cognitive performance. Q. JI Stud. Alcohol 35: 1212-1219, 1974,

6. Kakihana, R. and J. A. Moore. Effect of alcohol on biological
rhythms: Body temperature and adrenocortical rhythmicities in
mice. In: Currents in Alcoholism. Biological, Biochemical, and
Clinical Studies, Vol. 3., edited by F. Seixas. New York: Grune
and Stratton, 1977, pp. 85-96.

7. Minors, D. S. and J. M. Waterhouse. Chronopharmacokinetics
of ethanol in human subjects. Chronobiologia 5: 205-206, 1978.

8. Moberg, G. P., L. L. Bellinger and V. E. Mendel. Effect of meal
feeding on daily rhythms of plasma corticosterone and growth
hormone in the rat. Neuroendocrinology 19: 160-169, 1975.

9. Nelson, W., L. Scheving and F. Halberg. Circadian rhythms in
mice fed a single daily meal at different stages of lighting regi-
men. J. Nutr. 105: 171-184, 1975.

10. Nelson, W., Y. L. Tong, J.-K. Lee and F. Halberg. Methods for
cosinor-rhythmometry. Chronobiologia 6: 305-323, 1979,

11. Pauly, J. E., E. R. Burns, F. Halberg, S. Tsai, H. O. Betterton
and L. E. Scheving. Meal timing dominates the lighting regimen
as a synchronizer of the eosinophil rhythm in mice. Acta Anat.
93: 60-68, 1975.

12. Philippens, K. M. H., H. von Mayersbach and L. E. Scheving.
Effects of the scheduling of meal-feeding at different phases of
the circadian system in rats. J. Nutr. 107: 176-193, 1977,

13. Pinkston, J. N. and K. F. A, Soliman. Effect of light and fasting

on the circadian variation of ethanol metabolism in the rat. J.

interdiscipl. Cycle Res. 10: 185-193, 1979.

14. Reinberg, A., J. Clench, N. Aymard, M. Galliot, R. Bourdon, P.
Gervais, C. Abulker and J. Dupont. Variations circadiennes des
effets de ’éthanol et de ’éthanolémie chez ’homme adulte sain.
Etude chronopharmacologique. J. Physiol., Paris 70: 435-456,
1975.

15. Sokal, R. R. and F. J. Rohlf. Biometry. The Principles and
Practice of Statistics in Biological Research. San Francisco:
Freeman, 1969, chap. 14.

16. Soliman, K. F. A. and C. A. Walker. Diurnal rhythm of ethanol
metabolism in the rat. Experientia 35: 808-809, 1979.

17. Sturtevant, F. M. and R. P. Sturtevant. Chronopharmacokinet-
ics of ethanol. In: Biochemistry and Pharmacology of Ethanol,
edited by E. Majchrowicz and E. P. Noble. New York: Plenum
Press, 1979, pp. 27-40.

18. Sturtevant, F. M., R. P. Sturtevant, L.. E. Scheving and J. E.
Pauly. Chronopharmacology of ethanol. II. Circadian rhythm in
rate of blood level decline in a single subject. Naunyn-
Schmiedeberg’s Arch. Pharmac. 293: 203-208, 1976.

19. Sturtevant, R. P. Micromethod for the gas chromatographic
quantification of blood ethanol. Microchem. J. 22: 574-579,
1977.

20. Sturtevant, R. P. Temporal changes in blood levels of ethanol in
anesthetized rats receiving prolonged constant-rate infusions. J/
S.Carol. med. Ass. 74: 57, 1978.

21. Sturtevant, R. P. Dose-independent clearance rates of blood
ethanol in the rat. Naturwissenschaften 65: 339-340, 1978.

22. Sturtevant, R. P. Manipulation of the circadian variation of
blood-ethanol elimination rate in rats. Fedn Proc. 39: 846, 1980.

23. Sturtevant, R. P., D. M. Jacobs and S. L. Garber. Fundamen-
tals for ethanol chronopharmacokinetics in non-starved, serially
sampled rats. Pharmacology, in press.

24. Sturtevant, R. P., F. M. Sturtevant, J. E. Pauly and L. E.
Scheving. Chronopharmacokinetics of ethanol. [1I. Variation in
rate of ethanolemia decay in human subjects. Int. J. clin. Phar-
mac. Biopharm. 16: 594-599, 1978.

25. Sulzman, F. M., C. A. Fuller and M. C. Moore-Ede. Compari-
son of synchronization of primate circadian rhythms by light
and food. Am. J. Physiol. 234: R130-R135, 1978.

26. Ylikahri, R. H. and P. H. Méenpéa. Rate of ethanol metabolism
in fed and starved rats after thyroxine treatment. Acta Chem.
Scand. 22: 1707-1709, 1968.



