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ABSTRACT 

Dally rhythmical excretion of urinary free 17-hydroxyoorti-

oosteroid has been determined in guinea pigs. The effects of daily 

photoperiod lengths on the excretion pattern were studied as was the 

effeot of continuous darkness. Using a six-hour mean exoretion value 

for four consecutive periods a day, it became evident that at least 

a nine-hour photoperiod is necessary in order to disoern a daily 

rhythmical pattern. Animals acclimated to continuous darkness gave 

suggestion of an endogenous rhythm but the results were not conclusive. 

Electrolytic lesions in the median eminence area were effective 

in blocking the rhythmical exoretion of Cortisol in response to a 12-

hour light - 12-hour dark photoperiod regime. 

It is evident that daily photoperiod length is a faotor in 

"setting" a rhythmical pattern of adrenal seoretion and that hypothalamo-

hypophyseal pathways (via the median eminence) are essential to proper 

maintenance of this response. 

vi 



INTRODUCTION 

The present study was undertaken to determine the role of 

photic stimulation (via the hypothalamus and pituitary) on eiroadian 

adrenal secretory rhythms. The study is divisible into two major parts 

on the basis of treatments applied to the animals: 1. The effeots of 

photoperiod alteration on the rhythmloal excretion of 17-hydro^corti-

costerone (Cortisol, 17-OHCS) in normal, untreated animals. 2. The 

effeots of median eminence lesions on rhythmical oortisol excretion in 

animals aocliaated to a fixed twenty-four hour light-dark regime of 

twelve hours light and twelve hours dark (12L-12D). 

Polypeptide neurohumors which influenoe the release of some of 

the anterior pituitary hormones have been isolated and in part character

ised (Deuben, 1965; Guillemin at fll., 1962; Sohally £& gl., I960; 

McCann e£ gl., 1965). The role of photoperiods in regulating hormone 

secretion during vertebrate reproduction and migration has been studied 

extensively (Rowan, 1925; Wolfson, 1965; Farner, 1964). Other photo-

neuro-endocrine effeots on eiroadian rhythms of both vertebrates and in

vertebrates have been recently reviewed by Whipple &1. (1964). 

Although adrenal rhythmicity has been investigated (Saba £& al., 

1963, 1965; Galioioh 1965; Vagnucci 1965; Rinne and 

Sonninen, 1964; MoCarthy I960), relatively little is known con

cerning this phenomenon. One limitation to research in this area is the 

laok of an accurate and expedient teahnique for measuring adrenal 

activity in terms of adrenocorticosteroid production. The guinea pig 
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(Carla poroellua) la a particularly suitably experimental animal be

cause of its unique aharaoteristic of excreting a relatively high 

concentration of 17-hydroxyoorticosterone in its urine (Burstein, 1952; 

Burstein and Dorftnan, 1954-)* The advantages of this approach include 

minim*! disturbance to the animals during sample collections and the 

repeated use of the same animals over long periods of time. The dis

advantage to this technique is that steroid excretion is not recorded 

at the moment of its release but is represented by an average value 

over some period of time. This prevents precise determination of the 

animal's response to experimental variables as well as to the uncontrol

led effects of growth and aoclimation during the oourse of the experiaent. 



MATERIALS AND METHODS 

Experiments were oarried out with male albino guinea pigs 

(exoept for four virgin females in one group) purchased from Animal 

Supply Company, Napa, California, The animals vere housed in community 

oages prior to the experiments and in individual metabolism oages dur

ing the experiments. The animals vere fed Purina guinea pig chow 

supplemented periodically with cabbage or lettuoe and allowed water 

id libitum. 

The metabolism cages were placed in a light-dark oontrolled 

room and although temperature was not controllable, it was recorded for 

top and bottom cage rows at each oolleotion period. Three 100W inoan-

desoent bulbs placed in front of the oages served as a light source. 

Light intensity measured from 50-70 ft. candles at the exterior of the 

oages (the presenoe of water and food containers at the front of the 

oages made accurate determination of light intensity inside the cages 

impossible). The greatest temperature range in the cage room for any 

twenty-four hour period was 4°C, the usual variation being 2-3°C. The 

normal temperature variation from beginning to end of any one experi

ment was 3-4°C although in one ease it varied 6°C. The vertical 

temperature gradient in the cage room had a maximum of 1.5°C. 

Urine samples were collected for four consecutive six-hour 

periods (numbered one to four). When employing the usual 12L-12D 

cycle, periods two and three (0300-2000 hr) were light and periods four 

and one (2000-0800 hr) vere dark. The light was oontrolled toy an 
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on-off svltoh without gradation and an incandescent red safe light 

served for oolleotions during dark periods. Urine samples were col

lected in glass flasks oontaining 1 oo of a 0,5 per oent solution of 

thymol in glaoial aoetio aoid. Urine volume was measured at the end 

of eaoh collection period and the extraction procedure was usually 

performed immediately although some samples were frozen for twenty-

four to seventy-two hours before extraction. 

The method of extraction and measurement of Cortisol followed 

that of Porter and Silber (1950) modified to use five milliliters of 

urine in 30 ml. of redistilled reagent grade chloroform for the initial 

extraction. The first three steps of the extraction were performed in 

polypropylene test tubes. 

Standards were prepared by adding a stock solution of grade A 

hydrocortisone aloohol in graded volumes to urine. Identical samples 

of water-diluted urine were compared with the hydrooortisone standards 

and the difference in-per oent absorbanoe between the two was used in 

plotting a standard curve from which the sample concentrations were 

read. All absorbanoe readings were made on a Bookman DU or DU-2 

Spectrophotometer at 410m^« Samples having a oonoentration of 2/jg 

oortisol/oo, or greater, were determinable within an error of ten per 

cent. The majority of the samples contained from 2-5fig 17-0HCS/cc. 

Animals to be lesioned or sham-operated were anesthetized with 

a mixture of urethane (600 mg/kg) and pentobarbital (20 mg/kg) following 

the method of Fajer and Vogt (1963). It was later found that the 

animals responded much better postoperatively when the dose was 450 
"""i 

mg/kg urethane and 15 mg/kg pentobarbital. Lesioning was performed 



under anesthesia in a slightly modified Stellar-Johnson stereotaxic 

apparatus. Atlases of the guinea pig brain are available for very 

--wit aniaals weighing 200-300g (Luparello, Stein and Park, 1964) and 

for fully matured animals, over 500g (Tindall, 1965)* Since the 

aniaals used in this study vere intermediate in size (300-500 grams), 

a compensatory formula for leveling the animal's head vaa derived by 

following the tedhnique of Luparello fli. (1964), and by trial and 

error. It was found that by using two thirds of the distance (in 

millimeters) from the interaural axis to the ooronal suture as one 

point and twioe that distance (in millimeters) as another point the 

median eminence area lay within one millimeter on either side of the 

ooronal suture. The exact placement of the electrode was facilitated 

by using the X-ray technique described by Egge and Chiasson (1962). 

Lesioning was produced by passing 5 ma of current for 15-20 sec. while 

sham-operated controls received identical treatment except that no 

current was passed through the eleotrode. 

After lesioning, the animals were kept on the 12L-12D regime 

for five to seven days before being tested for the rhythmical exoretion 

pattern. Postoperative recuperation time was considered to be the time 

required for sham-leaioned controls to reestablish a normal excretion 

pattern. Two or more steroid determinations were made for each of the 

treated groups before the animals vere subjected to an ether anesthesia-

abdominal laparotomy stress as an additional physiological indication 

of effectiveness of the lesion. Seventeen-hydraqrcorticosteroid output 

was determined for four consecutive periods following stress. Serial 

sections of brains were studied to verify the looation of the lesions. 



RESULTS 

Guinea pigs were allowed to aooliaate to a 12L-12D regime for 

at least three days. After this period their response was fairly oon-

sistent. The normal excretion pattern, showing the variation between 

four consecutive six-hour oolleotion periods, is represented in 

Figure 1. The day-to-day variation in excretion patterns for one group 

of animals is shown in Figure 2. The numerical data on which these, 

and all subsequent figures are based, as well as the probability values 

(Student's t test) for those periods which differ significantly, are 

given in the appendix. 

The 17-OHGS excretion during the first six-hour light period is 

significantly lower than any of the other six-hour periods when a large 

sample is used (P from 0.05 to 0.001). If a smaller sample size (n=9) 

is used only periods 2 and 3 differ consistently from day to day (Figure 

2, a-e). If the data for nine animals are oombined for all five days 

(n=44) the pattern again resembles that of a large sample Inasmuch as 

the excretion during the first six hours of light is significantly lower 

than during the other three periods (Figure 2,' f). It is apparent that 

for untreated animals on a 12L-12D regime the six-hour mean excretion 

values are lowest during the first light period (period 2), rise to a 

maximum level during the second six hours of light (period 3), and re

main intermediate and relatively constant during the twelve hours of 

darkness (periods 1 and 4). 
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FIGURE 1 

Variation in urinary 17-OHCS excretion for four consecu
tive six-hour periods for 32 guinea pigs on a given day. Animals 
were on a 12L-12D regime with at least a three-day aoolloation 
period. Periods two and three were light, periods one and four 
were dark. Mean values + 95% confidence limits. 
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FIGURE 2 

Urinary 17-QHCS excretion patterns for one group of guinea pigs on five 
different days; a thru e. Combined values of the same animals for all five days; f. 
The length of acclimation to a 12L-12D regime is indicated. {95% confidence limits 
are shown). 
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Collections of 17-0HC3 excretions vera also made one-half 

period out of phase with the original schedule overlapping the original 

periods by three hours. The light-dark sequence was not altered. This 

new collection schedule did not result in a more distinct six-hour mean 

excretion pattern of 17-OHGS but it did appear to delineate the gradient 

of oortisol excretion in a twenty-four hour period (Figure 3), The 

lowest excretion level of oortisol apparently occurs very close to the 

onset of light while the highest oortisol excretion comes after the 

animals have been subjected to at least nine hours of light. 

One group of seven animals (inoluding four virgin females) was 

studied for rhythmical 17-QHCS excretion patterns following acclimation 

to a 6 hour light-18 hour dark regime (6L-18D). Urine collections were 

made following acclimation for five, eight, and fourteen days* After 

fourteen days the regime was changed to nine hours light and fifteen 

hours of darkness. The animals were acolimated to this new (9L-15D) 

regime for six days. The six-hour mean values for Cortisol excretion 

indicate no response to a 6L-18D regime even after fourteen days aooli-

mation (Figure A). On the other hand, acclimation for six days on the 

9L-15D regime (Figure A) reveals a distinct pattern, identical to that 

of animals acolimated to a 12L-12D regime. 

The rhythmical oortisol excretion pattern was further examined 

in intact animals by placing a group of nine guinea pigs in continuous 

darkness. The response of this group was measured following aoelimation 

to continuous darkness for two, seven and eleven days. The six-hour 

mean excretion values for four consecutive periods on those days have 

been graphed in Figure 5. Following two days acclimation to total 



FIGURE 3 

Urinary 17-OHCS excretion patterns for nine guinea pigs on a 12L-12D regime 
with the eolleotion periods shifted one-half period from usual. Mean values + 95j6 
oonfidenoe limits. 
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darkness, it appears that there is still adherence to the 12L-12D 

pattern (to vhich this group had previously been aoolimated). After 

seven and eleven days of continuous darkness, no pattern can be dis

cerned for six-hour mean Cortisol values (Figure 5). After eleven days 

of continuous darkness the animals were again acclimated (for five days) 

to a 12L-12D regime. However* the light and dark periods were reversed 

from the original regime; that ist the light periods occurred during 

the natural night hours and the dark periods during natural daylight 

hours. A pattern similar to that of animals acclimated to the original 

12L-12D regime appeared; that is, the second six hours of light yielded 

a significantly higher mean Cortisol value than the first six-hour light 

period. The pattern differed from that of animals on the original 

12L-12D regime in having much lover Cortisol values during the tvo dark 

periods (Figure 5). 

The original 12L-12D regime vas employed for studies of rhythmic 

excretion Involving mediation through the hypothalamus. Sham-operated 

controls resumed rhythmic excretion of 17-OHCS when placed on a 12L-12D 

regime for four or five days. The data for nine sham-operated animals, 

measured for a combined total of twenty-one days, was used as an indica

tion of rhythmie 17-OHCS excretion in oontrol animals. These data are 

graphed in Figure 6 and show that sham-operated animals resumed a 

"normal" pattern, the 17-OHCS values during the first six hours of light 

being significantly lover than the values during the other three collec

tion periods (P<0.02). Tvo or three sham-operated controls vere included 

in each group of lesioned animals. 



FIGURE U 

Urinary 17-CHCS excretion patterns for seven guinea pigs acclimated for 14 
days to a 6L-18D.regime followed by five days aeelimation to a 9L-15D regime. Four 
animals vere virgin females. Ma an values + 95$ confidence limits. 
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FIGURE 5 

Urinary 17-QHCS exaretion p&ttarns for guinea pigs aoclimated to continuous 
darknaaa followed by six days acalillation to a reversed 12L-12D regime. Mean values 
+ 95£ oonfidenee limits. 
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Three criteria were used to determine the effectiveness of 

hypothalamic lesions: 1. Verification of the lesioned area by histo

logical examination. 2. Presence or absence of a rhythmical excretion 

pattern of urinary 17-OHCS similar to the "normal" pattern. 3. Re

sponse of the animal to a stress produced by ether anesthesia and 

abdominal laparotomy. 

Brain lesions vere verified histologically in twelve animals. 

Eight of the tvelve animals had lesions which effectively blocked the 

rhythmioal excretion of oortisol eighteen of the twenty-two days 

measured (Figure 7). The four other animals had ineffective lesions. 

The locations of lesions are illustrated in Figure 7. The caption for 

Figure 7 includes data on the effect of the lesion on the animals daily 

rhythmioal oortisol excretion. 

Eaoh animal's response to stress was determined by comparing 

the 17-OHCS values during the six-hour period immediately following 

stress application with the 17-OHCS values of the same six-hour period 

on a day preceding (or following) the day of stress. The sham-lesioned 

control animals had a significantly higher oortisol level following 

stress (P=0.001) while the eight effectively lesioned animals shoved no 

significant response (Figure 6). 

Those lesions whioh Included a major portion of the median 

eminenoe area (areas 2, 3» and U in Figure 7) were effective in blocking 

the animals' response to stress and their rhythmioal response to a 

12L-12D regime. The lesion in animal No. 51 was centered in the in

fundibular tract and may have extended into the median eminenoe. The 

only data on this animal was obtained two days post-operatively and no 
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stress response data vas obtained. Lesions In the traotus Infundibu-

laris and the nucleus arcuatus were also effective in blocking 

rhythmical excretion. In animals Mo. 53 and No. 55 the lesion was not 

100 per cent effective in blocking the rhythm and these animals also 

showed a weakly positive stress response. The lesioned area in these 

two animals, however, included less than half of the cross sectional 

area of the tract. Animal No. 61 was totally ineffectively lesioned 

in the traetus infundibularis and responded positively to stress. In 

this case the electrode penetrated the basisphenoid bone and only the 

most ventral portion of the traetus infundibularis was lesioned. 

Lesions behind the median eminence in the infundibulum (Animal No. 28) 

and in a paraventricular nucleus (Animal No. 32) were not effective in 

blooking the animals' rhythmioal Cortisol excretion. 



FIGURE 6 

Urinary 17-QHCS ezoretion patterns of guinea pigs acclimated to a 12L-12D 
regime following sham-operation or median eminence lesions; a-b. Responses of sham-
operated and effectively lesioned animals to ether-1aparotomy stress; o-d. 
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FIGURE 7 

Diagram of parasagittal section through guinea pig brain illustrating areas 
lesioned. The data given below correlate the animal with its lesion and indicate the 
presenoe or absence of rhythmical Cortisol exaretion for each day measured and the animals* 
response to stress. 

Animal Area Rhythm Rhythm Stress 
No. Lesioned Present Absent Response 

(Dayg) (Pars) 

17 4 0 2 neg. 
® U 2-3 0 2 neg. 
3 g 45 2 0 2 neg. 
g-3 47 1-2 0 2 neg. 
g o 48 2-3 0 2 
w 53 1 2 2 weak 

55 1 1 3 weak 
59 1 0 4- neg. 

33 
o o © >H 
«-i a 

0 
J 

28 
32 
51 
61 

5 
6 
1-2 
1 

2 
1 
1 
4 pos. 

Legend: oc, optic chiasma; pn, pars nervosa; pd, pars distalis; pt,pars tuberalis; 
Is, infundibular stalk; me, median eminence; 111, third ventricle. 



17 

Q. 

*o 
O. 

O. 



In order to extrapolate a hypothaiawlo mediated photoperiod 

effect from a urinary excretory rhythm, a correlation must be estab

lished between the metabolism of Cortisol and the hypothai amo-

hypophyseal axis. It has been shown that renal clearance of steroid 

compounds is an acourate indication of plasma levels (Cope and Black, 

1959; Tait and Burstein, 1964; Beisel e$ a^., 1964), A rhythmical 

pattern of urinary oorticoid exoretion can safely be said to imitate, 

with a slight phase lag, the rhythm of plasma corticosteroid. Adrenal 

secretory rhythm has been demonstrated in both intact rats (Saba £& al., 

1963a) and mice (Halberg fll., 1959) as well as for incubated adrenal 

glands (Andrews e$ , 1965). However, Saba (with rats) and Halberg 

(with mice) have found that the adrenal secretory rhythm does not 

coinolde with the plasma or urinary steroid level. No literature of 

this nature is available for guinea pigs. It must be pointed out,how

ever, that the nature of cortisol-binding by the liver differs consider

ably between rats and guinea pigs, uyngaarden £& §1. (1955)» using 

labeled hydrocortisone, demonstrated that in guinea pigs 69-74$ of the 

injected radioactive steroid appeared In the urine within twenty-four 

hours while in rats only 24-29,6 appeared In the urine in the same length 

of time. Conversely, the feoes of rats oontainsd 50-60% of the injected 

radioactive steroid in twenty-four hours while guinea pigs yielded only 

6-24$ in their feces. This is an indication of the enterohepatio and/or 
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intestinal reabsorption difference between the two species. It oould 

possibly, though certainly not conclusively, be postulated from this 

data that adrenal secretory rhythm more nearly parallels plasma oorti-

ooid levels in guinea pigs than in rats. 

It is veil established that the production and secretion of 

adrenocortioosteroids in normal animals is a function of the amount of 

corticotropin elicited from the pars distalis of the pituitary gland 

(Ungar, 1964). It is also veil known (Ganong, 1963) that neurosecre

tory material (s) from hypothalamic centers affeot the synthesis and 

release of oortiootrophin. There is some evidence of rhythmical pro

duction and release of neurosecretory material from hypothalamic nuclei 

and fiber tracts (Rinne and Sonninen, 1964). It is generally known that 

each of the above-mentioned anatomical areas or physiologically de

scribed rhythms are in some.way controlled and/or regulated by photo-

stimulation (see Whipple, 1964). Photoperiodic control of guinea pig 

adrenal rhythm is probably mediated through the hypothalamus. 

Normal guinea pigs acclimated to a twenty-four hour light-dark 

cycle (12L-12D) showed a definite and consistent rhythmical excretion 

of urinary 17-hydroxycortioosterone. The pattern established in this 

study is represented by mean values of Cortisol excreted during four 

consecutive six-hour periods. The 17-OHCS values were always lowest 

during the first light period (period 2) and rose to a peak during the 

seoond six hours of light (period 3). During the two dark periods 

(periods 1 and 4) the steroid level was usually intermediate between 

the high and low. Although there was individual deviation, this pattern 

was consistently present in groups with as few as nine animals. In some 
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individuals the greatest deviation occurred during the dark periods, 

the light-period patterns of individual animals invariably followed 

the group pattern. Thus, for lesioned animals, the light period ex

cretion values of Cortisol were considered to be more indicative of 

the animals' responsiveness to the 12L-12D regime. 

A more precise picture of the rhythmical Cortisol excretion 

pattern was obtained by shifting the six-hour collections one-half 

period out of phase with the 12L-12D regime. That is, the collection 

periods were now shifted to overlap the original periods by three hours. 

This procedure made it clear that the period of low oortisol excretion 

occurs very close to the onset of light while the high oortisol excre

tion period occurs after at least nine hours of light (Figure 3). 

These phase relations are in general agreement with results from other 

studies on adrenocorticoid rhythm for guinea pigs (Burstein a^., 

1964)* rats (Saba £t ai., 1963 ay b) and mice (Halberg e£ fll., 1959)* 

Different light-dark regimes were established in order to de

termine the role of photofraetion in the rhythmical Cortisol excretion 

pattern. There was no discernible excretion pattern in response to a 

6-hour llght-13-hour dark cycle. In contrast, in response to a 9-hour 

light^ 15-hour dark regime seven animals showed a rhythmical excretion 

pattern identical with that of animals kept on a 12L-12D regime 

(Figure U). This is interpreted as evidence that at least nine hours 

of light are necessary for a rhythmical excretion pattern of oortisol. 

Guinea pigs on a continuous darkness schedule displayed definite 

fluctuation of oortisol levels both individually and collectively 

(Figure 5), but there were no disoernible rhythms. An attempt to 
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establish the existence of a phase shift by regression analysis proved 

unsuccessful. The possibility of a shift in phase is crudely evident 

on inspection of Figure 5, however, the use of six-hour mean values 

as well as discontinuous sampling may be responsible for the negative 

result. 

When four animals which had been on total darkness were again 

plaoed on a 12L-12D regime they showed a "normal" pattern for the two 

consecutive light periods. The two dark period values were distinctly 

lover than would normally be expected. The reason for these lower 

values is not evident. 

The results of the photofraction and continuous darkness experi

ments make it evident that there is a fluctuation in Cortisol excretion 

levels which appears to be independent of photic stimulation. The 

present technique is not precise enough to elucidate the periodicity 

of any such cycle. What is evident with the present technique is that 

there appears to be a nine-hour photoperiod required for "setting" the 

daily rhythmio excretion of Cortisol. 

Effectively lesioned animals should respond in the same way as 

the non-leaioned group maintained in continuous darkness. The grouped 

data for lesioned animals shows no fluctuation in steroid level (Figure 

6, b). In spite of this data each effectively lesioned animal showed a 

fluctuation in Cortisol excretion for each day measured. The fluctua

tion was random and was not influenced by the light-dark regime. The 

randomness of fluctuation served to equalize the data when it was 

grouped. Saba ai flL* (1963b) had similar results for groups of rats with 

median eminence lesions, but their technique did not reveal the 
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fluctuation for individual animals. In further contrast to the results 

of Saba £& fil. (1963b) the effectively lesioned guinea pigs in the 

present study showed an overall elevation in urinary steroid levels. 

This urinary steroid rise may, however, be the result of an undetected 

infection, a dietary vitamin C deficiency, or a combination of both. 

It appears, therefore, that lesions or total darkness eliminate 

the rhythmic!ty in urinary 17-OHCS levels. This rhythmicity is also 

eliminated if the animal is subjected to less than nine hours of light 

during a twenty-four hour period. On an individual basis, even without 

photic stimulation, there is a fluctuation in urinary Cortisol levels in 

dark acclimated and lesioned animals. A different method of analysis 

may clarify these individual rhythms. The results on median eminence 

lesions indicate that an intact hypothaiamo-hypophyaeal tract is neces

sary for the establishment of a photoregulated adrenal rhythm. 



SUMMARY AND CONCLUSIONS 

The rhythmical excretion of urinary 17-hydro^aortieosterone 

by guinea pigs determined by four consecutive six-hour mean values has 

been found to be dependent on a minimum of nine hours of photostimula-

tion in every twenty-four hours. Animals acclimated for two weeks on 

six hours of light - eighteen hours of dark did not give evidence of 

periodicity in Cortisol excretion. All animals acclimated to a 12L-

12D regime showed a definite and consistent excretory Cortisol rhythm. 

The lowest steroid values ocour close to the onset of light and the 

peak excretion of steroid requires at least nine hours of light. 

Animals in continuous darkness for eleven days did not show a 

rhythmical excretion as a group but showed individual fluctuation in 

steroid levels whioh may possibly be evidenoe of an endogenous rhythm. 

Effeotive median eminence lesions in guinea pigs prevented ad

herence to a rhythmioal excretion pattern when the animals were kept 

on a 12L-12D regime. Individual lesioned animals showed random fluctua

tion which may also have been indicative of an endogenous rhythm. Sham-

operated control animals yielded a "normal" excretory oortisol rhythm 

on a 12L-12D regime. 

The present method did not detect any endogenous, free running 

cycles of urinary oortisol excretion in individual animals. There is a 

suggestion of a free running oyole whioh oan be set by an appropriate 

dally photoperiod but the evidenoe to support this hypothesis is not 

conclusive. 
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TABLE 1 

Data used to plot standard curve (micrograms steroid/ml = 
0.2 + 0.058 x % absorbanoe) for hydrocortisone alcohol (grade A) 
in guinea pig urine using the technique of Silber and Porter (1954). 

g/ec of Number of Mean Absorbanoe 
Hydrocortisone Days Value + 95^ 

Replicated conf. lim. 

0.5 5 0.007 ± 0.003 

2.0 5 0.030 1 0.003 

5.0 4 0.078 + 0.007 

10.0 3 0.173 + 0.009 

20.0 3 0.427 + 0.037 

TABLE 2 

Urinary 17-QHCS excretion patterns for guinea pigs aoollnated 
to a 12L-12D regime* Thirty-two animals determined for four consecutive 
six-hour periods after minimum of five days acclimation. Values are yu g 
17-0HCS/6hr/l00g BW. These data are for Figure 1. 

Accli- Periods 
mation _ 
(Days) L/D regime" 

' Range 6.4-63.9 1.9-42.2 7.4-64.1 7.4-49.4 
5 

Mean 13.2 7.6 14.8 13.7 
(mini
mum) + SE 1.97 1.34 1.90 1.42 

n=32 Periods 
differing 2/1 2/3 2/4 

significantly P<0.05 P<0.01 P<0.01 
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TABLE 3 

Urinary 17-QHCS excretion data for one group of guinea pigs 
acclimated to a 12L-12D regime. Dataere for fiye separate days 
collected during four consecutive six-hour periods. Values are 
fjg 17-0HCS/6hr/l00g BW. These data are for Figure 2, a-e. 

Accli
mation 

Periods 1 2 3 4 

(Days) L/D regime D L • L D 

4 
Range 
Mean 
+ SB 

7.8-20.4 
12.4 
1.35 

3.0-19.2 3.6-27.2 
7.0 14.1 
1.63 1.82 

6.3-22.3 
12.3 
1.86 

n=9 Periods 
differing 

significantly 

2/1 2/3 2/4 
P<0.05 P<0.02 P<0.05 

6 

n=9 

Range 
Mean 
• SE 

4.9-21.3 
11.7 
1.74 

4.2-12.4 8.3-25.8 
7.3 16.2 
0.88 2.20 

5.2-19.4 
11.1 
1.51 

Periods 
differing 

significantly 

2/1 2/3 2/4 
P<0.05 P<0.01 P<0.05 

8 

n=9 

Range 
Mean 
+ SE 

5.2-17.6 
11.8 
1.53 

2.9-15.7 12.2-36.0 
8.5 19.0 
1.48 2.83 

4.6-21.4 
11.6 
1.57 

Periods 
differing 

significantly 

2/3 
P<0.01 

15 

n=9 

Range 
Mean 
+ SE 

8.1-39.6 
18.8 
3 .a 

4.5-14.2 9.1-45.6 
8.6 23.3 
1.09 3.45 

7.4-34.0 
16.5 
2.43 

Periods 
differing 

significantly 

2/1 2/3 2/4 
P<0.02 P<0.001 P<0.01 

20 

n=8 

Range 
Mean 
+ SE 

7.8-25.0 
15.4 
2.86 

6.2-16.3 12.3-58.0 
8.9 23.6 
1.71 5.72 

6.2-31.3 
14.2 
2.96 

Periods 
differing 

significantly 

2/3 
P<0.05 
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TABLE 4 

Urinary 17-OHCS excretion values for guinea pigs on a 12L-12D 
schedule. Each six-hour period represents the combined data for nine 
animals determined five times (one animal determined four times). 
Values are fJgl7-OHCS/6hr/lOOg BW. These data are for Figure 2, f. 

Periods 1 2 3 U 

L/D regime D L L D 

Range 
Nine 
animals Mean 
collected 
for 5 days ± 36 

4.9-39.6 

13.0 

1.02 

2.9-19.2 

8.1 

0.57 

8.3-58.0 

19.1 

1.54 

4.6-34.0 

13.1 

0.95 

Periods 
differing 
significantly 

2/1 2/3 2/4 3A 
K0.01 for each 

3/4 
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TABLE 5 

Urinary 17-QHCS excretion for seven guinea piga (4 rirgin fe-
malea) following acclimation to either six or nine houra of light in 
twenty-four hours. Values represent |jgl7-QHCS/6hr/l00g BW. These 
data are for Figure 4. 

Acoli
aation 
(Days) 

Periods 1 2 3 4 
Acoli
aation 
(Days) 

L/D regime D L D 0 

5 
Range 
Mean 
+ SE 

6.4-32.6 
14.9 
3.27 

8.2-18.0 
12.6 
l.U 

8.1-30.3 
14.7 
2.83 

10.9-30.3 
15.5 
2.55 

n=7 Periods 
differing 

significantly 
None 

8 
Range 
Mean 
± SE 

5.7-31.8 
13.9 
3.39 

5.9-17.8 
11.7 
1.48 

3.7-20.5 
12.2 
2.32 

6.7-34.4 
17.4 
3.33 

n=7 Perioda 
differing 

significantly 
None 

U 
Range 
Mean 
+ SE 

5.6-20.9 
11.3 
1.80 

6.8-26.1 
12.1 
2.46 

6.5-11.5 
9.5 
0.75 

6.2-21.5 
11.2 
1.87 

n=7 Perioda 
differing 

significantly 
None 

Periods 1 2 3 4 

L/D regime D L D 

6 
Range 
Mean 
+ SE 

7.4-25.3 
12.9 
2.28 

3.2-9.0 
5.9 
0.70 

8.2-31.1 
15.4 
2.98 

5.1-19.4 
12.6 
1.96 

n=H 
Perioda 
differing 

significantly 

2/1 2/3 2/4 
PC0.02 P<0.01 P<0.01 
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TABLE 6 

Urinary 17-OHCS excretion of guinea pigs accliaatod to con
tinuous darkness for II days followed by six days acclimation to a 
reversed 12L-12D regime. Values are /jgl7-0HCS/6hr/l00g BW. These 
data are for Figure 5. 

Accli
mation 
(Days) 

Periods 1 2 3 4 Accli
mation 
(Days) L/D regime D D D D 

2 
Range 
Mean 
+ SE 

7.2-K.3 
8.4 
0.94 

8.2-34.4 
15.3 
3.45 

14.0-33.7 
21.5 
2.99 

8.4-18.7 
12.5 
1.28 

n=7 
Periods 
differing 

signifioantly 

1/3 1A 3/4 
P<0.01 P<0.05 P<0.02 

7 
Range 
Mean 
+ SE 

7.5-18.4 
11.7 
1.39 

10.1-37.6 
20.5 
3.15 

11.7-33.1 
17.0 
2.64 

6.2-16.1 
11.5 
1.51 

n=8 
Periods 
differing 

significantly 

1/2 
P<0.05 

2/4 
P<0.05 

11 
Range 
Mean 
+ SE 

6.5-13.9 
10.9 
1.01 

9.3-29.8 
16.9 
2.40 

6.8-18.2 
12.1 
1.17 

5.2-17.1 
9.5 
1.22 

n=3 Periods 
differing 

signifioantly 

1/2 
P<0.05 

2/4 
P<0.02 

• 

Accli
mation 
(Days) 

Periods 1 2 3 4 Accli
mation 
(Days) L/D regime L D D L 

5 
Range 
Mean 
+ SE 

10.7-15.9 
13.7 
1.24 

5.4-8.8 
7.0 
0.78 

4.2-8.2 
6.6 
0.84 

6.6-9.9 
8.9 
0.77 

n^4 
1 Periods 
differing 

signifioantly 

1/2 
P<0.01 

1/3 
P<0.01 

1A 
P<0.02 

• ,£i 
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TABLE 7 

Urinary 17-OHCS excretion data for guinea pigs acclimated to 
a 12L-12D regime following lesions or sham-operation. Each group con
sisted of eight animals for vhioh urine samples vere oolleoted on a 
combined total of 21 or 22 days. Values are yugl7-0HCS/6hr/l00g BW. 
These data are for Figure 6, a-b. 

Treat
ment 

Periods 1 2 3 4 

Group L/D regime D L L D 

Sham-
oper
ated 

Range 

Mean 

+ SE 

5.6-32.8 

14.4 

1.57 

3.3-20.7 

9.3 

1.16 

6.2-28.8 

14.5 

1.56 

4.8-27.1 

14.3 

1.66 

n=21 
Periods 
differing 

significantly 

2/1 2/3 2/4 
P40.02 P<0.02 P<0.02 

Effec
tively 
Le-
sioned 

Range 

Mean 

* SE 

7.1-112.0 

24.1 

4.91 

5.8-73.0 

21.3 

3.51 

7.7-79.4 

21.0 

3.80 

7.7-95.6 

23.4 

3.88 

n=22 Periods 
differing 

signifioantly 
None 
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TABLE 8 

Urinary 17-OHCS excretion data for guinea pigs before and 
after ether-laparotomy stress. Response of sham-operated and lesioned 
animals are shown (yu gl7-0HCS/6hr/100g BW). These data are for Figure 
6, c-d. 

Unstressed Stressed ^^Value^^ 

Sham Range 7.0-28.8 15.2-50.3 
Lesioned 

Mean 13.9 34.1 P<0.001 

n=8 ± SE 2.52 4.09 

Range 8.3-79.4 11.8-50.2 
Lesioned 
Animals Mean 24*6 24*4 NS 

n=8 + SE 8.23 4.99 
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