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EVERAL lines of information bear upon the problem of a possible role played

by adrenal cortical funection in the asthmatic attack, Experimental asthma

in the guinea pig is followed by adrenal cortical hyperaectivity, at least as far
as this may be judged histologically.?

Furthermore, an attack of asthma in a patient may be suppressed,
more or less completely, by the administration of cortisone, cortisol, and some
of their derivatives, as well as by ACTH.* ® 1° In these cases there is a thera-
peutic excess of corticoids. Hence, the latter act via their pharmacodynamic
properties and almost certainly not by compensating for an as-yet-unproved
hormonal deficienecy. In keeping with the latter interpretation are reports
that the 24-hour urinary exeretion of adrenal steroids is not demonstrably ab-
normal in patients suffering from asthma, vasomotor rhinitis, mild urticaria,
or hay fever.® % These findings, in turn, led several authors to suggest that
pituitary-adrenal funection is not usually involved in the physiopathology of
asthma. If one’s attention is restricted to gross deviations from a so-ealled
normal range of values—in this case the range for urinary steroids—this con-
clusion does seem to be justified. The question then is whether, in a disease such
as asthma, adrenal secretions are within the limits of the normal range of values.

It is true that the determination of steroid content in 24-hour urines pro-
vides a useful global sourece of information. Often, this urinary datum is
diagnostically more valuable than a determination made on a single plasma
sample—which may be too high or too low as a funetion of the high amplitude
changes in plasma steroids along the 24-hour scale. This advantage of the
24-hour urine sample notwithstanding, a shortcoming of this type of informa-
tion also must be noted. The combined 24-hour urine cannot reflect important
and predictable physiological or physiopathological changes during the 24-hour
period and their time relation to eertain pathologic events.*
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tCircadian is derived from circa—about and dies—day. Use of the adjective circadian,
in liew of “diurnal,” removes the ambiguities associated with the latter, which denotes both part
of the day (day-time versus night-time) and the entire day. Apart from semantics, however,
circadian is used to emphasize that following certain manipulations of the organism or of its
environment, many physiologic rhythms show periods that deviate from exactly 24 hours by a
few minutes or hours.-1*
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Thus, in man, a circadian adrenal cycle involves high amplitude changes
in several funetions, including the steroid content of both plasma and ur-
ine.® 8 15, 16,17, 19, 23, 24, 28, 29, 30, 32, 37 Ty human beings studied under conditions
of diurnal activity and nocturnal rest, low levels of plasma steroids are usually
reached in the evening hours. The curve for urinary excretions lags behind
that for plasma levels by a few hours.

In many patients with asthma, attacks are nocturnal or dyspnea may be
aceentuated more often by night than by day.?s 26 273 Tt is of interest, there-
fore, to raise the question whether patients with asthma have a rhythm in
urinary steroid excretion such as that known for healthy man. In the present
study, patients were selected whose attacks occurred mostly at night. We ex-
plored concomitantly the external timing!® of asthmatic paroxysms and steroid
and potassium excretion rhythms. Such a study, in itself, does not bear directly
upon causal relations, but it provides a necessary basis for further applications
of periodicity analysis—by phase-shifts and other means—for estimating the
extent to which changes in one function, if any, might contribute to certain
other funetional alternations.’® With this qualification, it will be reported,
first, that patients with asthma show significant cireadian rhythm in urinary
steroid and potassium exeretion. Second, the time relation of the asthmatic
attacks and of minimal steroid exeretion also will be deseribed for an explora-
tory series of patients.

SUBJECTS, MATERIALS, AND METHODS

We have studied circadian variations in urinary excretion of 17-hydroxy-
corticosteroids, 17-ketosteroids, and potassium in 8 adult asthmatie subjects
(4 of each sex) and in 4 healthy subjects (2 of each sex) (see Table I).

The 8 patients were all suffering from typical allergic asthma of exogenous

origin. The eclinieal history, intradermal tests, and a decrease in expiratory
TaBrE. I
TIME* OF TIME* OF LOWEST URINARY EXCRETIONS IN:
CASE ASTHMA 17-HYDROXY-
NO. SEX AGE ATTACKS CORTICOSTEROIDS 17-KETOSTEROIDS POTASSIUM
Asthmatic Subjects
1 F 26 01.00-04.00 (23-03) (23-03) (23-03)
2 F 44 02.00-04,00 (23-03) (19-23) (23-08)  (19-23) (23-03)
3 F 63 01.15-04.00 (23-03) (23-08) (03-07) (23-03)
4 F 43 24.00-02.00 (19-23) (23-03) (15-19) (19-23) (23-03)
5 M 55  23.00-02.00 (23-03) (23-08) (23-03) (03-07)
6 M 31 24.00-01.30 (11-15) (23-03)  (11-15) (23-03) (11-15) (23-03)
7 M 48 23.00-02.00 (19-23) (23-08) (15-19) (19-23) (19-23) (23-03)
8 M 29  01.00-04.00  (19-23) (23-03)  (23-08) (07-11)  (19-23) (07-11)
Control Subjects
9 F 33 - (23-08) (23-03) (23-08)
0 F 25 - (23-08) (23-08) (23-03)
11 M 45 - (23-08) (03-07)  (23-03) (03-07) (23-03) (03-07)
12 M 36 - (23-08) (15-19)  (23-03) (15-19) (23-03)

*The time in the table

corregponds to 1 A.M. to noon and 13 hr. to 24 hr. to 1 p.M. to midnight.

represents international scientific terminology. 01 hr, to 12 hr,
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flow rate on inhalation of antigens showed allergic reactions to dust, either iso-
lated (Cases 1 and 4) or associated with other sensitizations (feathers, pollen,
miero-organisms).

Attacks of asthma occurred only at night in 6 of the patients (Cases 1, 2, 4,
6, 7, 8); in the other 2 patients (3 and 5) some dyspnea was sometimes
present during the day, but its accentuation during a certain part of the night
was pronounced. We asked each patient to note very precisely, for several
weeks and, of course, during the test, the exact time when an attack began and
when it ended. Those data appear in Table I and Fig. 1.
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Fig, 1L.—Urinary excretions for 17-hydroxycorticosteroids, 17-ketosteroids, and potassium
are given in percentage per day, every 4 hours. The upper and lower shadowed rectangles
represent t times the standard error of the mean, t being Student Fisher’s parameter with 95
per cent security,
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The control subjects, physicians or nurses, appeared to be in good health
and were suffering neither from asthma nor from any other allergic condition.
We verified further by extensive clinical examinations and routine laboratory
procedures that the renal, eardiovascular, and endocrine functions of all 12
subjects could be regarded as normal.

At the time of the test the patients were either hospitalized or stayed in
their homes; the normal subjects also remained at their homes for the period
of study. The subjects stayed in bed at night (9 .M. to 7 a.m.) and followed
nonstrenuous leisure-time activities during the day. All subjects ate their
customary diet, without meodification or restriction, except that meals were
taken at 8 a.m., 12 noon, and 7 p.m.

The subjects emptied their bladders at 7 A.M. and the collection of urines
began thereafter. The urines were collected in six different vessels labeled with
the six successive 4-hour periods. At any time during this period, but always
also at the end of each 4-hour period, each subject voided and thereafter im-
mediately refrigerated the urine sample.

The method of Jayle and associates,®® a modification of the Silber-Porter
procedure, was used for the determination of 17-hydroxycorticosteroids, and
that of Drekter for 17-ketosteroids.?® Potassium was evaluated by flame photome-
try. All samples from a given subject were analyzed at the same time.

RESULTS

Results on 17-hydroxycorticosteroids, 17-ketosteroids, and potassium, ob-
tained for the six 4-hour periods, are expressed as a percentage of the total
24-hour excretion (Fig. 1). This presentation allows for a fairer comparison
of the changes with time in individuals with different total excretions. An
average of these data expressed as per cent of the total and the standard errors
of these means also are shown in Fig. 1.

1. The total 24-hour urinary exeretion of adrenal steroids and potassium
can be regarded as normal in our asthmatic patients as well as in the healthy
subjects (Table IT),

Our results agree well with the corresponding data on patients with asthma
reported earlier by Rose?*® and Roskam®* and their colleagues.

In all 8 patients, a circadian rhythm characterized the urinary exeretion
of the three substances examined. This rhythm corresponded roughly in ex-
tent of change and in its timing to similar data obtained earlier for healthy
adult man. Let us remember that the rhythm in potassium excretion and several
other circadian rhythms—though not all of them!*—are obliterated, as group
phenomena, in adrenal insufficiency, whether as a result of a primary deficiency
of the adrenal or secondarily from a pituitary. deficiency.? % & 1% 21, 32

2. Pig. 1 shows that the circadian rhythms of exeretion of 17-hydroxy-
corticosteroids, 17-ketosteroids, and potassium are roughly synchronized: all
three curves show high points between 7 a.M. and 3 p.M. and low points between
11 p.m. and 3 a.M. These findings demonstrate that patients with asthma, as
well as normals, have a circadian adrenal cycle.

3. We now raise the question as to whether these periodic changes in adreno-
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TaBLE 1I. 17-HYDROXYCORTICOSTEROIDS, 17-KETOSTEROIDS, AND POTASSIUM CONTENT
IN Torarn 24-Hour URINES*

17-HYDROXYCORTICO-

STEROIDS 17-KETOSTEROIDS POTASSTUM
(MG./24 HR.) ! (MG./24 HR.) (MEQ;/Eif{fL'L
Asthmatic Subjects
Females (Nos. 1-2-3-4) 3.5+1.1 101+ 2.4 55 * 74
Males (Nos. 5-6-7-8) 5+1.6 158+ 1.7 53.8+ 8.4

Control Subjects (A)

Females (Nos. 9-10) 3.2-3.8 8.4 -11.8 55 —52.5
Males (Nos. 11-12) 5.6-4.6 16.6 — 14.7 60 - 52
Control Subjects (B)
Determinations from
60 healthy adults
Females (28) 4.2+22 104+ 2.8 58 +12
Males  (32) 4.5+2.6 153+ 3.1 56.5+11.3

*Figures given in Table II for asthmatic and control subjects (B) are expressed as
average I t times the standard error of the mean with 95 per cent of security. Figures for
control subjects (A) are the values of individual determinations.

cortical function contribute to the timing of asthmatic paroxysms. The times
of attacks of asthma also are shown at the bottom of Fig. 1. It can be seen
that such paroxysms oceur with surprising regularity during the hours of lowest
adrenal steroid and potassium exeretion.

One may ask as to whether this coincidence in time may be found
in each individual case. Let us point out in this eonnection, however, that, with
the sampling interval used, the minimal excretion for a substance may cover
periods longer than 4 hours. In Case 4, for example, the 17-hydroxycortico-
steroid excretion was almost as low between 7 p.M. and 11 p.M. as between 11 p.y.
and 3 a.M. Furthermore, on several occasions, a second low excretion period
for one or several substances also was found at times other than the period
from 11 p.M. to 3 A.M. In Table I we indicate those individual peculiarities,
such as a long minimum or several minima.

These qualifications notwithstanding, the fact remains that the time of an
attack of asthma coincides in all of our cases with the lowest excretion of 17-
hydroxycorticosteroids. This same correlation is found in only 7 cases for po-
tassium exeretion, and in only 6 cases for the 17-ketosteroids.

Attacks of asthma in our series thus oceurred when adrenal activity was
at its trough. The good eorrelation in time of paroxysms of asthma with low
17-hydroxycorticosteroid exeretion is not surprising. This index is more spe-
cific as compared to the other two. The reverse of the same eorrelation obviously
is not true. There were indeed periods of low adrenal seeretion without dyspnea
in our series of patients (Cases 4, 6, 7, 8), just as in healthy subjeets.

Finally, it is noteworthy that from 7 A.m. to 3 p.M.—a period during which
adrenal secretions are relatively high—none of our 8 patients suffered an asth-
matie paroxysm. In the series here studied all such paroxysms oecurred at night.

DISCUSSION

It seems possible to establish a temporal relationship—though not neces-
sarily a causal one—between the manifestation of asthmatic paroxysms at
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night and the eircadian periodic decrease in adrenocortical activity, occurring
at the same time, with the sampling schedule used herein. This aspeet of the
timing of two events, one physiologic (the adrenal cyele), the other pathologic
(the asthmatic paroxysm), is to be qualified, however, by probable lags between
the trough in plasma levels of adrenal hormone and the trough in urinary
exeretion of steroid, with the former leading the latter.

For the sake of ecompleteness, it may be recorded that, in Cases 3 and 5,
dyspnea, though not the paroxysm, persisted into the morning or afternoon
during periods associated with relatively high steroid values, while in several
other patients already noted there were periods of low adrenal steroid excretion
in the absence of asthmatic attacks. In man living on a schedule of diurnal
activity and nocturnal rest, the eireadian periodie nocturnal reduction of adrenal
function does not determine, of course, an asthmatic paroxysm, but it may
favor or facilitate the induction or realization of an attack by other mechanisms.

Adrenal cortical changes need not be the sole facilitators of an asthmatice
paroxysm. The nocturnal timing of the latter has been discussed by W. Men-
zel®® 2 27 in the light of a decrease at night in the pulmonary vital capacity
and a postulated rise in vagal tone. This author found that asthmatic patients
show a circadian rhythm in vital capacity and that the nocturnal decrease therein
is mueh more pronounced than in healthy subjects.

Such observations are both interesting and pertinent to this disecussion
because they suggest that more than a single set of physiologic factors must be
considered before one accounts fully for the nocturnal timing of asthmatic
paroxysms.

There are indeed many circadian periodic changes® ' 17 22 32 with differ-
ences in timing.'» 1% 1* These changes characterize functional coordination at
several levels of mammalian organization—as demonstrated under conditions
standardized for reproduecibility by F. Halberg and as viewed in the context
of a circadian system physiopathology.'*>** The adrenal cycle, in particular,
has been viewed by Halberg as an endoecrine entity in its own right®> 2 and it
has been aligned by him with other superimposed and juxtaposed humoral and
neural controls.'* '3

It seems unlikely that the noecturnal occurrence of asthmatic paroxysms
of our patients was related solely to periodie changes in external factors. Thus,
in most patients similar to ours, with allergy to factors such as dust, the amount
of antigens is not likely to be higher at night than during the day.*®* It would
then seem logical to- suppose that the usually nocturnal occurrence of the asth-
matic attack is a result, at least in part, of periodic changes in the patient’s
reactivity.

This explanation for the predominantly noecturnal occurrence of attacks
by periodie intrinsic mechanisms may be further associated with the concept
of the hours of changing resistance'® ** documented extensively from the re-
sults of exposure to a variety of agents.'* It has indeed been experimentally
shown that the periodic changes in physiologic state may tip the scale toward
death or survival in the response of a mammal to a fixed stimulus.

We intend to continue our studies involving the periodicity analysis of
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asthmatic physiopathology. The antigenic stimulus will have to be applied
repeatedly along a 24-hour scale at a constant level under standardized con-
ditions of environment and sampling. In any event, the data here reported,
in themselves, are compatible with the assumption that the stage of the circadian
adrenal eyele might be one of the cireadian periodic mechanisms facilitating the
asthmatie attack.

SUMMARY

Cireadian rhythms of exeretion of 17-hydroxycorticosteroids, 17-ketosteroids,
and potassium have been studied in 8 asthmaties.

Adrenal functions were normal as revealed by urinary adrenal steroids
and potassium excreted during 24 hours. The circadian rhythms of exeretions
of these substances corresponded to physiologic variations, with a minimum at
night and a maximum in the morning.

The asthma attacks appeared in all 8 instances at a time when adrenal
and potassium excretions were low. However, some subjeets showed periods
of low adrenal activity without dyspneic manifestations.

It is suggested that the physiologie hypoactivity of the adrenal system
may only facilitate the oceurrence of asthma attacks at night, but is not the
only factor concerned with this phenomenon.

The authors are greatly indebted to Dr. Franz Halberg, Professor of Experimental
Pathology, University of Minnesota, for his friendly encouragement, advice, and help.
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