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I. INTRODUCTION
Rhythmicity is predominant in nature. Sunrise is 

followed by sunset in a highly predictable periodic 
sequence. Living organisms are known to be influenced 
by such periodically occurring phenomena. De Mairan, 
as early as 1729, observed leaf movements of plants and 
found these variations to be coincident to the solar 
period. His observations have been confirmed by other 
workers as Pfeffer, Bunning, Kalmus and Kleitman. An 
animal*s activity pattern has been called diurnal or 
nocturnal again in relation to the environmental photo- 
period of the animal.

A biorhythm is any regularly recurring change in 
some biological process, whether it takes place in a 
cell, tissue, organ, organism or population. Such bio
rhythms are classified as exogenous or endogenous in 
origin (Bunning, 196 ;̂ Aschoff, 1960s Sollberger, 1965).

Environmental factors which induce or synchronize 
rhythmic processes are called Zeitgebers (Aschoff, i960) 
or Synchronizers (Halberg, 195*0 . These may be overt 
cues such as light and temperature or more subtle geo
physical factors such as electrostatic and magnetic force 
fields (Brown, i960, 1965).

Exogenous rhythms are necessarily dependent upon 
physical changes in the environment and do not persist
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under constant conditions. If a biorhythm does persist, 
Burning (i960) cautions that an unrecognized environmental 
variable may still be present, or it may be an endogenous 
rhythm.

Endogenous rhythms are inherent to the system it
self. Under constant conditions, endogenous rhythms re
vert to spontaneous rhythms or "free runs" (Bruce & 
Pittendrigh, 1957)» Thus, where endogenous rhythms are 
concerned, the periodicities of the environment "do not 
force an oscillation on the living system: they serve 
merely to entrain an oscillation that is fully autonomous 
and innate to the organism concerned" (Pittendrigh, 1965).

Biorhythms with a period or frequency of exactly 
2k hours or those consistently shorter or longer by a few 
minutes or hours are called circadian (Halberg, 1959? 
Bruce, i960). The frequency of these daily oscillations 
varies between 19 and 29 hours (Sollberger, 1965). An
other characteristic of circadian rhythms is its temper
ature independence. In living organisms most metabolic 
processes are accelerated by increases in body tempera
ture. A 10°C rise in temperature is usually accompanied
by a doubling of the normal metabolic rate (Q r 2). Most

10endogenous rhythms respond as expected. However, circa
dian rhythms remain almost unaffected by temperature
changes within physiological limits. Their Q lies

10
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around 0.8 - 1.3»
Aschoff (1965) indicates that self-sustained oscil

lations, such as circadian rhythms, may be entrained only 
to frequencies which are not too divergent from their 
natural frequencies. The entrainment of circadian rhythms 
is defined by Bruce (i960) as a phenomenon whereby a 
periodic light cycle, temperature cycle or some other 
periodic stimulus causes a persistent rhythm to acquire 
the same period or frequency as the Zeltgeber.

A frequently encountered difficulty in the study 
of circadian rhythms is the inability to distinguish the 
biochemical changes which are to be identified with the 
clock itself, and the biochemical processes which are 
controlled by the clock. The latter refers to secondary 
processes regulated by the clock and are not a part of 
its timing mechanism. Thus, manipulation of the overt 
rhythmic oscillations may lead the investigator to make 
erroneous conclusions about the mechanism of circadian 
clocks.

Entrainment of circadian rhythms by a Zeltgeber 
depends on periodic changes in the sensitivity of an or
ganism to a given stimulus. A stimulus applied to a 
rhythmic process during its sensitive period results in 
a phase shift brought about by the initiation of a chem
ical reaction out of phase with the normal pattern. Thus,



one should be able to mimic this effect by using chemicals 
of known action. For example, the light induced phase 
shifts are assumed to be photochemical reactions. The 
use of drugs such as puromycin may be used to determine 
whether de novo protein synthesis is involved.

Goodwin (1963) suggests a biochemical model based 
on the assumption that the clock mechanism resides in a 
long feedback loop involving macromolecular biosynthesis. 
It should then be possible to block the clock mechanism 
with chemicals which selectively Inhibit various links of 
the synthesis process.

Researchers have resorted to the use of unicellular 
organisms such as Acetabularia crenulata (Schweiger & 
Schweiger, 1964) and Paramecium aurella (Karakasian,
1965) in their attempts to localize the clock mechanism. 
The unicellular organism most extensively studied is the 
alga Gonyaulax polyedra (Hastings, i9605 Hastings & Swee
ney, 1959* I960; Sweeney, 1965).

Karakasian and Hastings (1962, 1963) have shown 
that Actinomycin D blocks the luminescence rhythm in 
Gonyaulax polyedra without affecting the first peak. This 
study suggests that the synthesis of messenger RNA is 
necessary in maintaining rhythmic!ty, and the synthesis 
of the RNA occurs 24 hours before its expression. If the RNA is acting via de novo protein synthesis (presumably



an enzyme) an inhibition of protein synthesis should 
yield similar effects. Puromycin, a known inhibitor of 
protein synthesis, blocks the rhythmlcity immediately 
upon application. Chloramphenicol, another inhibitor of 
protein synthesis, shows effects contradictory to that 
of puromycin. It produces a marked increase in the 
amplitude of the liminescence rhythm (Karakasian & Hast
ings, 1962). Aschoff (1965) suggests that the newly 
synthesized RNA functions not only as a messenger, but 
also as a control RNA in an unknown biochemical system.
The effects of puromycin and chloramphenicol could be ex
plained in terms of their ability to mimic the activity 
of the special RNA or stimulate its breakdown.

The presence of rhythmic oscillations in unicellular 
organisms is an indication that the basic clock mechanism 
exists at the cellular level. It also shows that rhyth- 
micity is in some way related to the function of a specific 
RNA and its action does not seem to be mediated through 
de novo protein synthesis.

The study of circadian rhythms in more complex 
tissues possess inherent problems. Intercellular inter
actions among homogeneous and more significantly among 
heterogenous cell types deprive the Investigator of an 
adequate system to study mechanisms controlling rhythmic!ty. 
Organ-culture and cell culture techniques have been

5
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employed, for they permit examination without the inter
ference of hormonal and neuronal feedback mechanisms nor
mally encountered in vivo. Another advantage in the use 
of in vitro systems is the possibility of adding chemicals 
directly to the medium and harvesting the same for further 
analysis.

Locomotor activity clearly demonstrates whole 
animal conformity to circadian rhythms in hamsters and 
other rodents. These rhythms free run when the animal is 
maintained in constant darkness, for the photo-period is 
the primary Zeitgeber. The eosinophil concentration re
flects adrenal activity, for the hormones secreted by the 
adrenal glands tend to diminish the eosinophil number. 
Removal of the adrenal gland abolishes the eosinophil rhy
thm (Halberg & Chaundry, i960). From the circadian rhythm 
exhibited by the eosinophil concentration the presence of 
a rhythmic secretion of adrenal hormones has been deduced.

Oscillations with circadian periods have been ob-
1*4-served in respiration, C-acetate Incorporation into 

corticosteroid and adrenocortical secretory rates in organ- 
cultured golden hamster adrenal glands (Andrews & Folk, 
196*0 Andrews, 1968). Altering the environmental photo
period of the animals before gland removal results in a 
distinct phase shift in the adrenal secretory rhythm 
(Andrews & Folk, 196*0 . This suggests a Zeitgeber acting
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via the hypothalamic-hypophyseal axis (Halberg, I960; 
Andrews & Folk, 1964). In further support of this postu
late, it has been shown that adreno—corticotropic hormone 
(ACTH) stimulates isolated adrenal glands (Saffran, Grad 
& Bayliss, 1952; Haynes, Savard & Dorfman, 1954). However, 
the responsiveness of mouse adrenals to ACTH in vitro 
(Ungar & Halberg, 1962) depends on the time of its appli
cation to the glands. The adrenals were found to be more 
sensitive to ACTH during a period of low corticosterone 
secretion than during secretory highs. Ungar & Halberg 
(1963) have also reported circadian rhythms in (1) pituitary 
ACTh content, (2) adrenal activity as detected by serum 
and adrenal corticosterone levels, and (3) adrenal response 
to ACTH. Through long-term organ-culture studies of hamster 
adrenals, Andrews (1968) has shown that a pulsed dose of 
ACTH administered during a period of low steroid secretion 
results in an advance of the phase profile. Thus, it is 
well established that adrenals of hamsters and other ro
dents do possess endogenous secretory rhythms which are 
influenced by ACTH.

The ACTH induced phase shift in hamster (Mesocricetus 
auratus) can also be blocked by metapirone (SU-4885)
(Andrews, 1968). Metapirone, being a competitive inhibitor 
of 11-B-Hydroxylase, introduces the possibility of the 
phase shift being a response to an ACTH induced protein
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synthesis out of phase with the normal secretory pattern. 
The immediate steroidogenic response has been blocked in 
vivo and in vitro in rat adrenals by puromycin, cyclo- 
heximide and chloramphenicol (Ferguson, 1Q62; Farese, 
196^} Garren et al, 1965; Farese & Schnure, 1967). These 
results suggest that the steroidogenic effect of ACTH may 
be mediated by a de novo protein synthesis, in which rate 
of formation is ACTH dependent. Another possibility is 
that the adrenal gland is sensitive to ACTH only in the 
presence of a protein with a rapid turnover rate. If de 
novo protein synthesis is involved similar effects should 
be observed by inhibiting RNA synthesis. Ferguson (1963) 
has shown that Actinomycin D, an inhibitor of DNA depen
dent RNA synthesis, blocks the steroidogenic effect of 
ACTH in cow adrenal slices in vitro.

To clarify the role of nucleic acid and protein 
metabolism in adrenal steroidogenesis, researchers have 
resorted to the use of highly specific RNA and protein 
precursors. Their specific activity is a useful index to 
measure the synthesis and turnover rate of RNA and pro
tein.

Ferguson (1963), Ferguson & Morita (196 )̂ and Fer
guson, Morita & Mendelsohn (1967) have reported that ACTH 
decreases the rate of incorporation of radioactive pre
cursors into rat adrenal RNA and protein in vitro.
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Similarly, Halkerston (196*4-) also observed an inhibition 
of labeled amino acid incorporation into adrenal protein. 
To explain this inhibitory effect of ACTH, they have 
postulated that the corticosterone produced as an immedi
ate response to ACTH stimulation may be exerting an in
hibitory effect on RNA and protein synthesis. To verify 
this postulate, Morrow, Burrow & Mulrow (1967) observed 
a definite inhibition of precursor incorporation into 
adrenal protein by certain adrenal steroids. Thus, two 
adrenal feedback mechanisms have been proposed. The 
first is the pituitary ACTH control where the adrenal 
stèroids control the ACTH release and the second is en
tirely at the adrenal level. An increased synthesis of 
corticosterone may limit its own further synthesis by in
hibiting adrenal protein synthesis.

However, other researchers have observed marked in
crease in precursor incorporation into adrenal protein 
(Bransome & Reddy, 1963; Farese, 1963; Farese & Reddy, 
1963) and RNA (Farese & Schnure, 1967) following ACTH 
stimulation in vitro.

Thus, there seem to be two groups of researchers 
with conflicting results concerning ACTH action in 
adrenal steroidogenesis, A possible solution to this 
dichotomy is presented by Farese (1966) who describes 
an early transient Increase in adrenal microsomal incor
poration of precursor into protein following ACTH
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administration in vivo. Therefore, there seems to be some 
stimulatory effect on adrenal protein synthesis by ACTH. 
This presents a possible mechanism for the phase shifting 
effect observed in adrenal steroidogenesis. Does ACTH 
affect adrenal rhythmicity by inducing macromolecular 
biosynthesis out of phase with the normal synthesis pat
tern? Rhythmic variations in the synthesis of one or 
more enzymes, the availability of substrate or the per
meability of membranes have all been investigated as to 
their role in adrenal rhythmicity. Further investigation 
may lead researchers to verify one of the above as the 
mechanism controlling the adrenal gland's endogenous 
rhythm or it may be a combination of a number of different 
chemical or morphological co-factors. The question is 
still unresolved today.
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The purpose of this thesis is to study three para
meters of hamster adrenal physiologys steroidogenesis, 
RNA synthesis and protein synthesis. Three crucial 
questions were askeds

I. Is there a variation in ribose nucleic acid 
cone entra ti on?

II. What are the effects of actinomycin D and 
ACTH on short-term incubations?

III. What are the effects of actinomycin D and 
ACTH on long-term incubations?

II. STATEMENT OF PROBLEM
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Animals
Male golden hamsters (Mesocrlcetus auratus) were 

obtained from Con-Olsen, Inc., Madison, Wisconsin. All 
animals were housed in a humidity controlled environmental 
chamber at 25°C and conditioned to a LsD (12:12) lighting 
regimen prior to their sacrifice. Purina Laboratory Chow 
(micro-mixed) and tap water were given ad libitum. The 
chamber was entered only during the light period and the 
animals were last handled k-5 days before being sacrificed. 
Organ-culture Preparation

The hamsters were etherized and sacrificed by cer
vical dislocation. Their backs were then swabbed with 
70% alcohol. The adrenal glands were removed after mak
ing an incision along the dorsal midline with alcohol 
sterilized instruments. All fat tissue was removed from 
each gland and the glands were immediately transferred 
to a sterile organ-culture dish with a stainless steel 
grid which suspended the organ at the liquid-air inter
face of 1.0 ml of medium. Non-sterile Warburg flasks 
were used for short-term experiments of 2 hours duration 
between medium changes and organ culture dishes (Falcon 
Plastics) were used for long-term cultures. Glands from 
each animal were cultured separately as experimental and 
control. Trowell*s medium (Trowell, 1959) was used at 
37°C with an atmosphere of 50% Og, kQ% N2, and 2% C02.

III. MATERIALS & METHODS
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Hormones and Drugs
ACTH (Acthar Armour Gel) was added to the medium 

at a final concentration of 1.0 I.U./ml. Actinomycin D
was administered at a final concentration of 10 ug/ml.
3 3H-Uracil and H-glycine were both used at a final con
centration of 1 uc/ml but later increased to 5 uc/ml to 
increase uptake quantities.

The incubation scheme will be discussed separately 
since two different procedures were followed.

In the long-term experiments, all of the hamsters 
were sacrificed at the outset. Both the experimental
and control groups were incubated with Actinomycin D and
3H-Uracil. After 3 hours of incubation, the glands were 
transferred to another set of culture dishes. The ex-

3perimental group was incubated in ACTH with H-glycine
3and the control received only H-glycine. Following the 

first two incubations, all glands were Incubated in Tro- 
well*s medium with labelled precursors. The medium from 
the last group of glands to be under incubation was changed 
at three hour intervals. The steroid sample harvested 
from this group was taken to be representative of the 
activity of all glands during any particular time period.

In the short-term incubation series, the animals 
were serially sacrificed at the four time quadrants of the 
day (12i00, 18»00, 2^*00, 6s00) and incubated for two



2 hour periods. Actinomycln D with H-Uracil was adminis
tered to the experimental group while the control group

3was given only H-Uracil. During the second or postin
cubation period, the experimental group received ACTH

3 3with H-glycine, whereas, the control received only H-
glycine. Actinomycln D and ACTH were employed individually
in two separate experiments, and together in the last to
test their combined effects.

The glands were weighed on a Roller Smith balance
(wet weight) and immediately frozen. The medium collected
for each time period was placed in separate vials and also
frozen.
RNA Analysis

Each gland was thawed in 1 ml of 0.1N perchloric 
acid (in glacial acetic acid) and homogenized. The homo
genate was contrifuged at 3000 x g on a Sovall PRC-2.
Each homogenized gland was treated as follows*

1. Centrifuge for 30 minutes (5°C) and decant 
supernatent.

2. 1 ml 0.2N Na-Acetate and centrifuge for 20 min
utes - decant supernatant.

3» 1 ml ethanol-ether (3*1) at room temperature
for 30 minutes. Centrifuge for 20 minutes at 
5°C decant supernatant.

4.

3

Repeat step #3
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5. 1 ml 0.1 N KOH to pellet and incubate at 37°C 
for 18 hours.

6. 1 ml 0.IN Perchloric acid 1 ml 0.6N HCL and 
centrifuge for 15 minutes at 5°C.

7. Collect supernatant.
a) 1 ml to scintillation vial to dry
b) 1 ml used in orcinol test

8. 2 ml IN NaOH to pellet and decant into vials 
for protein synthesis determinations. Dry at 
room temperature.

Twelve ml of scintillation solvent (42 ml of PP0- 
POPOP/liter of toluene) were added to each vial of dried 
RNA and protein sample. The scintillations were counted 
on a liquid scintillation spectrometer (Nuclear Chicago 
Corp., Unilux I model).
Steroid Determination

The total amount of steroid secreted into the medium 
for a given incubation period was determined by the acid- 
fluorescence following solvent partitioning. Five ml of 
peroxide-free ethyl acetate was added to 1.0 ml of the 
collected medium and placed on a mechanical, wrist-action 
shaker for 10 minutes. This was followed by 10 minutes 
of centrifuging to separate the aqueous and lipid soluble 
phases. The ethyl acetate fraction was then transferred 
by Pasteur pipette into vials to dry at room temperature
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(25°C). The previous steps were repeated three times. 
The dried ethyl acetate-steroid fraction was resuspended 
in 1 ml of absolute ethyl alcohol and decanted into 
cuvettes. Quantitative analysis was based on the acid- 
fluorescence technique of Silber et al (1958). ^ ml of
concentrated sulfuric acid, chilled in an ice bath, was 
added to the 1 ml ethanol solution. Fluorescence was 
measured after 60 minutes on a Turner fluorometer (model 
III). Steroid concentration was determined from stan
dards treated similarly.
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A definite circadian rhythm in RNA concentration 
was observed in the hamster adrenal gland with the peak 
occurring between 22i00 - *J-:00 (Fig. 1).
Short-term incubations

Actinomycin D administered during the preincuba
tion period (Fig. 2) brought about an immediate increase 
in steroid secretory rate. This increase is followed 
by an apparent depression of steroidogenesis during the
second or post incubation period. A reduced incorpora-

3 3tion rate of H-Uracil and H-glycine was also observed 
in the Actinomycin D treated glands in all time quadrants 
(group I).

Postincubation with ACTH (Fig. 3) seemed to lead
to increased steroidogenesis in the treated glands, ACTH

3 3treatment also led to a depression of H-Uracil and H- 
glycine incorporation into adrenal RNA and protein, res
pectively.

Preincubation with Actinomycin D followed by post
incubation with ACTH (Fig. 4) yields steroid secretory
rates virtually unchanged from the control values. How-

3 3ever, H-Uracil and H-glycine incorporation were lowered 
in the treated group (I) in all four quadrants of the 
day.
*A11 increases and decreases referred to in this text is 
a relative change of group I compared to group II (control).

IV. RESULTS
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Long-term incubation
Adrenal steroidogenesis response to a pulsed dose 

of Actinomycin D and ACTH varied considerably depending 
on the time of drug application.

If Actinomycin D is administered at the presumptive 
secretory peak the first peak is blocked but the second 
reappears as a double peak or a single extended peak 
(Fig. 5s group II). If this drug is administered during 
a presumptive secretory low, the first peak is again re
pressed but a secretory high does occur on the second 
day following exposure to the RNA inhibitor (Fig. 6; 
group II).

If the adrenals are preincubated in Actinomycin D 
followed by a second period of ACTH incubation at the 
presumptive secretory high, all overt signs of rhyth- 
micity was eliminated (Fig. 5» group I). However, sim
ilar treatment of glands at the presumptive secretory 
low shows a secretory peak appearing on the second day 
(Fig. 6; group I).

Figure 7 shows the steroid secretory rate of glands 
treated exactly as those in Figure 6 except for the use 
of shorter incubation periods (2 hours). The results 
closely parallel those obtained in the earlier experi
ment (Fig. 6).



Figure 1. Circadian rhythm in ribose nucleic acid 
concentration (ug RNA/mg tissue).
Keys

darkened circles = means of 8 adrenals.
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Figure 2. Actinomycin D and its effects on steroidogene
sis (ug B/100 mg tissue/hr), RNA synthesis 
(cpm/mg tissue/hr) and protein synthesis (cpm/ 
mg tissue/hr).
Key: preincubation postincubation

3 3Group I H Uracil 
Actinomycin D H glycine

Group II H^Uracil H^glycine
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Figure 3. ACTH and Its effects on steroidogenesis (ug 
B/100 mg tissue/hr), RNA synthesis (cpm/mg
tissue/hr) and 
tissue/hr).

protein synthesis (cpm/mg

Keys preincubation
3

postincubation
3Group I H Uracil

3
H glycine ACTH
3Group II H Uracil H glycine
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Figure 4. The cumulative effects of Actinomycin D and 
ACTH on steroidogenesis (ug B/100 mg tissue/ 
hr), RNA synthesis (cpm/mg tissue/hr) and pro
tein synthesis (cpm/mg tissue/hr).
Key: pr e1ncuba tion postincubation

Group I H3Uracil H^glycineActinomycin D ACTH
Group II H^Uracil H^glycine
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Figure 5» Steroid secretory response (ug B/lOOmg tissue/ 
hr) to a pulsed dose of Actinomycin D (21s00 - 
24s00) and ACTH (24:00 - 3:00).
Keys

_____ mean of 5 adrenals/incubation period.
- - - standard error of the mean.
Group I = Actinomycin D + ACTH
Group II = Actinomycin D
Treatment points are marked by arrows
for the time of the pulse.
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Key:

Figure 6 . Steroid secretory response (ug B/100 mg tissue/
hr) to a pulsed dose of Actinomycin D (9* 00 -
12:00) and ACTH (12:00 - 15:00).

_____ mean of 5 adrenals/incubation period.
— -—  standard error of the mean.
Group I = Actinomycin D + ACTH
Group II = Actinomycin D.
Treatment points are marked by arrows
for the time of the pulse.
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Figure 7. Steroid secretory response (ug B/100 mg tissue/ 
hr) to a pulsed dose of Actinomycin D (9»00 - 
12:00) and ACTH (12:00 - 15:00).
Key:

_____mean of 5 adrenals/incubation period.
---- standard error of the mean.
Group I = Actinomycin D + ACTH.
Group II = Actinomycin D.
Treatment points are marked by arrows
for the time of the pulse.
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V. DISCUSSION
The synergistic and individual effects of a pulsed 

dose of Actinomycin D and ACTH were studied on long-term 
experiments. To further clarify the results of these 
studies, it was necessary to resort to short-term incu
bation studies. Only male golden hamsters (Mesocrlcetus 
auratus) were used so as to eliminate the possible in
terference by other rhythmic variations such as the 
estrus cycle inherent to females.

It was first necessary to establish whether or not 
a rhythmic variation in RNA concentration existed in 
organ-cultured hamster adrenal glands. By serially sac
rificing several glands each hour, a definite peak in RNA 
concentration occurred between 22i00 and ^sOO. All points 
in the peak were found to be significant (P<0.05)» This 
peak was not observed in subsequent studies because 
sampling times did not overlap the high points within the 
peak.

The antibiotic Actinomycin D, has been shown to be 
an effective inhibitor of DNA dependent RNA synthesis 
(Reich, Franklin, Shatkin & Tatum, 1962). In preliminary 
experiments, it was found that a period of preincubation 
with Actinomycin D was required for its effective action 
(Farese, 1966; Andrews, unpublished data). The immediate 
effect of Actinomycin D is an increase in the secretory



3**

rate of steroids. This stimulation was found to be signi
ficant (P <0.05) only in two quadrants of the day. This 
is followed by an apparent decrease in the secretory rate
during the second incubation period which was not signi-

3 3ficant. H-Uracil and H-glycine incorporation into RNA 
and protein respectively, showed a significant (P< 0.05) 
decrease when assayed during the postincubation period.
The RNA moiety studied here is probably messenger in 
nature because the labeled precursor was available to the 
glands for at least 2 hours.
x The stimulatory response of steroidogenesis to 

Actinomycin D corresponds to similar effects noted in 
vivo by Bransome (1969). The concomitant depression of 
RNA and protein synthesis has also been noted by Ferguson, 
Morita and Mendelsohn in vitro (1967). The observed 
steroidogenic response may be vitally related to RNA and/ 
or protein metabolism. Actinomycin has been shown to act 
as a derepressor in the induction of certain enzymes in 
cultured cells by Eliasson (1967) and in embryonic cells 
by Scarano et. al. (196*0. Garren, Howell, Tomkins & 
Crocco (196*0 and Tomkins, Garren, Howell and Peterkofsky 
(1965) have also reported a “super induction" effect if 
Actonomycin D is administered after induction of enzyme 
activity has been initiated. Such "super inductions" may
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also be Interpreted as an increased RNA dependent dere
pression of enzyme protein synthesis. Therefore, the 
observed increase in steroidogenesis may be due to an in
hibitory effect of Actinomycin D on the synthesis of 
specific RNA(s) acting as repressor substances.

The lowered incorporation rate of RNA and protein 
precursors may be a response to two possible factors.
The first may be the classical inhibition of RNA synthe
sis by Actinomycin D itself. The second possibility has 
been proposed by Ferguson (1962) and Ferguson, Morita & 
Mendelsohn (1967). They observed that ACTH inhibited RNA 
and protein synthesis in vitro, and postulated a local 
feedback by steroids to limit its own production. Morrow, 
Burrow and Mulrow (1967) verified this postulate by show
ing significant inhibition of protein synthesis by cer
tain adrenal steroids. The short-term Incubation with 
ACTH also showed a decrease in RNA and protein synthesis. 
Although significant increases in steroid secretion was 
not observed, steroid inhibition of protein synthesis 
cannot be ruled out. The protein synthesis mechanism may 
be sensitive enough to respond to changes in steroid 
levels not significantly different from the control.

The effects of Actinomycin D and ACTH together 
cannot be analyzed as to its influence on steroidogenesis 
because the expected stimulatory effect to ACTH was not
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observed. Also, no significant response to Actinomycin D 
treatment was found during the second incubation period. 
However, RNA and protein synthesis rates were significantly 
depressed as expected. The initial stimulatory response 
to Actinomycin D was not seen and the relative incorpor
ation rates of precursors into RNA and protein were sub
stantially lower when compared to the earlier experiments. 
This variation is probably due to the difference in size 
of adrenal glands used. The glands used in the first 
two experiments were about 33% larger by weight. The 
absence of an increase in steroidogenesis and the lower 
incorporation rate of precursors may be due to a lower 
rate of flux of material through the outer cells of the 
adrenal cortex.

When long-term cultures were given a pulse dose of 
Actinomycin D (preincubation) and ACTH (postincubation), 
the effects varied and were dependent on the time of drug 
application.

If the pulsed dose was applied at 2kx00 the steroid 
secretory level showed the start of a possible peak at 
2k x00 but Actinomycin D blocked the expected peak. This 
is followed by two significant peaks (P<0.05). The 
first may be a delayed effect, or an advance of the phase 
profile. This question cannot here by fully resolved for 
the exact position of the steroid secretory peak for a
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non-treated group was not determined. This first peak is 
followed by another peak about six hours later. Again it 
cannot be said that this is the resumption of the normal 
secretory peak. However, it is significant to note that 
a rhythmic pattern of steroidogenesis did resume after 
the Actinomycin D was washed from the glands. If this 
pulsed dose of Actinomycin D is followed by a pulsed dose 
of ACTH in the next incubation period, one finds not only 
the first expected peak blocked but this is followed by 
no apparent rhythmicity on the following days. Thus, a 
pulsed dose of Actinomycin D followed by ACTH seems to 
affect the mechanism of the clock and not just its ’'hands."

This first long-term experiment was followed by a 
second which only differed in the time of delivery of 
the pulsed dose of Actinomycin D and ACTH. A pulsed dose 
of Actinomycin D delivered at 12s00 also completely blocks 
the first expected peak but the next occurs exactly at 
the expected time. This peak is significantly (P<0.05) 
different from the mean. Thus, Actinomycin D may have 
again interfered with the "hands" of the clock and not 
its mechanism.

If a pulsed dose of Actinomycin D and ACTH is de
livered at 12*00, the first expected peak is blocked. 
Furthermore, the resumption of oscillation is arhythmic.*
•Arhythmicity refers to variations without consistent temporal patterns.
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The three high points are significant (P*<0.05). There 
also seems to be an advance in the appearance of the 
first peak but it cannot be said that there has been an 
advance in the phase profile (phase shift). This can 
only be confirmed by experiments conducted over a period 
of many days.

A third long-term experiment with incubation per
iods reduced from 3 to 2 hours was given a pulsed dose 
at 12s00. The results obtained by this incubation pro
cedure correlate well with the data from a comparable 
experiment (Fig. 6). The first significant peak (P<0.05) 
occurs in group II at 18s00. Therefore, the peak observed 
in these experiments were not just artifacts.
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VI. CONCLUSION
The results of this study have established that

cultured hamster adrenal glands exhibit a circadian
rhythm in RNA concentration. Thus, we may expect to
find a similar temporal pattern in its rate of formation

3 3or degradation (turnover rate). H-Uracil and H-glycine 
incorporation rates were significantly lowered by Acti- 
nomycin D and ACTH, It has also been established that 
RNA and/or protein metabolism influences steroidogenesis 
and is time-dependent. A pulse dose of Actinomycin D 
and ACTH must be applied during the period of maximum 
RNA synthesis to affect the mechanism controlling cir
cadian steroidogenesis.

It should also be noted that the specific site of 
action of Actinomycin D has not yet been established.
In view of this, interference with steroidogenesis by 
Actinomycin D cannot be taken as conclusive evidence 
that RNA synthesis is essential; nor should the lack of 
an Actinomycin D effect be interpreted to mean RNA is 
not involved in some phase of the circadian clock in ham
ster adrenals
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VII. SUMMARY
A circadian rhythm in RNA concentration does exist 

in organ cultured hamster adrenal glands. Immediate 
steroidogenic effects to Actinomycin D was one of stim
ulation. The expected stimulatory response to ACTH was 
not observed. RNA and protein synthesis was depressed 
by these drugs acting independently and synerglstically. 
A pulse dose of Actinomycin D and ACTH applied during 
the presumptive steroid secretory peak affected the 
clock mechanism thus causing arhythmicity. Actinomycin 
D alone, administered at 12*00 or 24*00, or together 
with ACTH applied at 12*00 only, blocked the first ex
pected peak of steroid secretion.
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CIRCADIAN

Time

12*00 
13*00 
14 * 00 
15*00 
16:00 
17*00 
18*00 
19*00 
20*00 
21*00 
22*00 
23*00 
24*00 

1*00 
2*00 
3*00 
4*00 
5*00 
6*00 7*00 
8*00 
9*00 

10*00 
11*00

RHYTHM IN RNA CONCENTRATION
Table I

RNA Concentration 
x ± SEj.

2.72 + 0.13 
1.91 ± 0.10 2.12 + 0.09 2.01 + 0.20
1.83 ± 0.17 
2.05 ± 0.20  
2.57 ± 0.17 
2.69 ± 0.17 3.00 + 0.26 
2.55 ± 0.15 4.17 ± 0.44 
5.51 + 0.37 4.36 ± 0.52 
5.30 + 0.32 
4.80 + 0.32 
7.06 + 0.66
5.83 ± 0.67 2.48 + 0.11 
2.42 + 0.27 
2.54 + 0.23 
2.16 + 0.29 
2.89 ± 0.18 
2.22 + 0.13 
2.09 ± 0.14

8 glands/mean value
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Table II

STEROID SECRETORY RATE
(ug B/ 100 mg tissue/ hr)

Time Groun I Grout) II
x + S,E.- x + S.E.-

10s00* 0.89 + 0.11 0.56 + 0.0712:00 0.66 + 0.04 0.84 + 0.2816:00* 0.80 + 0.11 0.56 + 0.0618:00 0.84 + 0.20 0.80 + 0.1822:00* 1.31 + 0.05 1.00 + 0.2024:00 0.73 + 0.25 1.27 + 0.174:00* 1.61 + 0.20 0.68 + 0.126:00 1.06 + 0 .25 1.72 + 0.22

3H -URACIL INCORPORATION
(cpm/ mg tissue/ hr)

12:00 9.42 + 0.79 33.72 + 5.1018:00 10.15 + 1.07 41.49 + 3.2124:00 10.84 + 1 .32 31.95 + 3.586:00 8.52 + 1.13 18.89 + 1.39

3H -GLYCINE INCORPORATE!
(cpm/ mg tissue/ hr)

12:00 3.25 + 0.63 9.77 + 2.1718:00 4.18 + 0.79 11.27 + 1.5^24:00 4.06 + 0.42 10.67 + 1.506:00 5.71 + 1.33 6.53 ± 1.73

Confidence
Level

.05

.05

.05

.05

.05

.05

.05

N = 9 glands/mean value
* = preincubation period
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Time

10:00*
12:0016:00*
18:00
22: 00*
24:00
4:00*6 : 0 0

12:0018:00
24:006 : 0 0

12:00
18:00
24:006:00

Table III

STEROID SECRETORY RATE 
(ug B/ 100mg tissue/ hr)

Group I
x ± S.E. -
0.?4 ± 0.14 
1.04 + 0.21 
1.36 ± 0.10 1.23 ± 0.18 
0.93 ± 0.15 
0.89 ± 0.15 0.4? + 0.060.62 -I- 0.06

Group II
x + S.E.X
0.6? ± 0.14 
0.76 ± 0.23 
1.48 + 0.15 
1.10 + 0.23 
0.77 ± 0.14 
0.51 + 0.11 0.46 ± 0.08 
0.81 + 0.11

Confidence
Level

-URACIL INCORPORATION 
(cpm/ mg tissue/ hr)

11.53 ± 1.63 15.88 + 1.25 
17.20 ± 1.63 
17.09 ± 1.16

18.53 ± 1.55 17.78 ± 2.99 
18.80 + 3.51 
28.15 ±  2.60

.05

.05

3H -GLYCINE INCORPORATION 
(cpm/ mg tissue/ hr)

6.54 + 1.38 8.50 + 1.12 .055.78 ± 0.69 11.64 + 2.52 .059.52 ± 1.18 15.59 ± 4.00 .058.20 + 2.45 5.01 + 0.53 .05

N = 9 glands/mean value 
* = preincubation period
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Time
10:00* 
12: 00 
16:00* 
18:00 
22:00* 
24:00 
4:00* 
6:00

12:00
18:00
24:006:00

1 2 :00
18:00
24:006:00

Table IV

STEROID SECRETORY RATE
(ug B/ 100mg tissue/ hr)

Group I
1.21 +  0.30 0.64 + 0.14 
1 .11 + 0 .20  
1.38 + 0.23 0.84 + 0 .22  
1.68 +  0.38 
0 .95 ± 0.18 0.77 ± 0.14

Group II
0 .92 + 0 .20  
0.65 + 0 .11  
1 ,93 ± 0 .60  
1.59 ± 0.53 0.84 + 0.39 1.44 + 0 .21  
1 .10 + 0 .28  
0 .65 ± 0 .16

Confidence
Level

3H -URACIL INCORPORATION 
(cpm/ mg tissue/ hr)

0.96 + 0.07 3.29 ± 0.34 .05
0.65 ± 0.09 1.52 + 0.25 .05
1.56 + 0.20 2.89 + 0.36 .05
1.49 + 0 .11 4 .31 ± 0 .25 .05

3H -GLYCINE INCORPORATION 
(cpm/ mg tissue/ hr)

0 .9 4 + 0 .I8 2.05 ± 0 .16 .05 
0.47 ± 0.05 1.35 ± 0.33 .05 0.49 + 0.13 1 .60 + 0.24 .05  
0.4l + 0.14 3.00 + 0.59 .05

N = 9 glands/mean value
* = preincubation period
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Table V

STEROID SECRETORY RATE
(ug B/ 100mg tissue/ hr)

Time Group I Group II
X + S.E.£ X ± £;.e:-x
0.40 + 0.14 0.21 + 0.0918:00 0.46 + 0.14 0.27 + 0.08
0.40 + 0.08 0.35 + 0.0924:00 0.36 + 0.05 0.4l + 0.06
0.31 + 0.05 0.24 + 0.04

6:00 0.17 + 0.04 0.35 + 0.04\ 0.52 + 0.14 0.19 + 0.0812:00 0.30 + 0.0? 0.42 + 0.16
0.39 + 0.11 0 .52 + 0.1918:00 0.28 + 0.09 0.53 + 0.120.40 + 0.11 0.38 + 0.1924:00 0.23 + 0.08 0.39 + 0.130.38 + 0.17 0.63 + 0.076:00 0.29 + 0.03 0.56 + 0.11
0.33 + 0.06 0.69 + 0.1212:00 0.33 + 0.08 0.36 + 0.110.21 + 0.09 0.39 + 0.1318:00 0.35 + 0.12 0.33 + 0.090.24 ± 0.05 0.33 + 0.0824:00 0.18 + 0.07 0.20 + 0.03

N = 5 glands/mean value 
Pulsed dose at 24:00
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Table VI

STEROID SECRETORY RATE
(ug B. 100mg tissue/ hr)

Time Grouu I Grouu II
it + £5.E.£ X + £!-E -x
0.21 + 0.05 0.46 + 0.

18:00 0.43 + 0.04 0.71 + 0.
0.33 0.10 0.76 + 0.

24:00 0 .50 + 0.11 0.77 + 0.
0.30 + 0.09 0.58 + 0.6:00 0.43 + 0.13 0.63 + 0.0.41 + 0.08 0.56 + 0.12:00 0.41 + 0.13 0.82 + 0.0.74 + 0.14 0.72 + 0.18:00 0.53 + 0.12 0.42 + 0.
0.85 0.20 1.14 + 0.24:00 0.52 + 0.13 0.77 + 0.0.4l + 0.08 0.96 + 0.6:00 0.83 + 0.18 0.46 + 0.0.43 + 0.11 0.53 + 0.12:00 0.45 + 0.08 0.75 + 0.0.43 + 0.14 0.63 + 0.18:00 0.57 + 0.08 0.72 + 0.

N = 5 glands/mean value 
Pulsed dose at 12:00

17
13
11
14
09
15
14
16
1714
22
1310
10
14
09
17
11
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Time

14:00
161 oo
20s 00 
22:00 
2:00 
4: 00 
8:00 

10:00 
14:00 
16:00

Table VII

STEROID SECRETORY RATE 
(ug B, 100mg tissue/ hr)

Group I
X + S .E.^
0 .62  + 0 .07  
0 .60  ± 0 .07  
0 .61  + 0 .11 
0.75 ± 0.14 0.45 + 0.04 
0.51 ± 0.15 
0 .78  + 0 .10 
0 .30  + 0 .02  
0 .76  + 0 .11 
0 .37  ±  0 .06

Group II
X + S .E.j£
0.78 + 0.12 
0.45 + 0.08 
0 .52  + 0 .06  
0.41 + 0.09 0.42 + 0.07 
0.77 ± 0.13 0.64 + 0.05 
0.47 ± 0.07 0.45 ± 0.05 
1.10 + 0.21

N = 10 glands/mean value 
Pulsed dose at 12:00
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