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Stx adults, apparently healthy subjects, were standardized, for one week on a rou-
tine of diurnal activity and nocturnal (2400-0800) rest. Circadian rhythms in cu-
taneous responses (erythema and wheal areas) to constant intradermal injections
of histamine (10 pg) and of 48/80, a histamine liberator (35 ug), were found. Thesc
rhythms are synchronized roughly in phase; the cutaneous reactions reach their
crest at about 2300 and their trough around 0700-1100. Circadian rhythms in im-
mediate cutancous response to penicillin (scratch tests) were also found in two pa-
tients suffering from humoral allergy to that drug. A crest oceurred at 2300 and
trough around 0700 to 1500, under the conditions studied. Data on such circadian
rhythms extend to man the concept of the hours of changing responsivencss docu-
mented extensively by F. Halberg. A temporal relationship, though not necessarily
a causal one, has been defined between the circadian rhythms in cutancous re-
sponsivencss and those of the integrated 4 howrly wrinary excretion of 17-hydroxy-
corticosterotds, 17-ketosteroids and potassium. Adrenal hormone excrction showed a
trough at about 2300 to 0300 and a crest at about 1100 to 1500. Several theoretical
and practical aspeets of those results are discussed.

e undertook the studies deseribed in this paper after a consideration
of the following experimental facts and hypothesis:

1. Franz Halberg® ® has shown experimentally circadian®* variations of ani-
mal resistance or susceptibility to a fixed stimulus. Under conditions standard-
ized for rveproducibility, the susceptibility of the total organism changes
predictably along a 24 hour scale. These periodie changes in physiologie state
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*Clircadian is derived from circa (about) and dies (days). Use of the adjective “circadian”
in lieu 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. 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.3, 10
A thythm with “exact” 24 hours periodicity may be regarded as a “special ease” of circadian
rhyvthm.
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may tip the scale toward death or survival in the response of mammals to a
wide range of potentially noxious agents of biophysical, pharmacologie, endo-
crinologie, toxicologie, or bacteriologie interest.® * It follows that in the analy-
sis of physiologic and physiopathologic processes, the so-called “hours of e¢hang-
ing resistance or responsiveness™ ? must be taken into consideration. Further-
more, study of the phase relations among rhythms and of underlying factors
may yield new clues toward a better understanding of a temporal pathology.
Attempts to extend experimentally to man this new concept seem interesting
to us. ‘

2. For this purpose, we first studied the local effects of histamine and of
48/80, a histamine liberator, injected intradermally in constant doses at fixed
times along the 24 hour scale. Two main considerations lead us to eleet such
a type of experiment: (a) the local skin response (wheal and eryvthema) that
follows an intradermal injection of small doses of these two drugs can be
easily and precisely measured, and (b) Cormia,? in studying the iteching effect
of intradermally injected histamine, showed that the threshold of this response
was greatly lowered at night. In two subjects, the doses required to reach the
itch threshold were about a hundred times lower at midnight than at 1400.%*

In a second exploration, we attempted to investigate the question as to
whether or not there is a eircadian variation in the skin response to antigens
(e.g., the immediate reaction to penicillin) in two selected allergic adults.

3. Corticosteroids seem to intervene in the hiosynthesis of histamine™ ' '
and in the skin reaction’ to this substance, among others. Whatever the pos-
sible ways in which the adrenal hormones might act,” we may ask whether a
physiologic fall (or rise) in their secretion is followed by a rise (or fall) in
the skin response. Furthermore, in man, the eireadian adrenal eyele involves
changes of high amplitude in several funetions, including the steroid content
of plasma and urine. * Therefore, an added question may be raised: is there
a temporal relationship between certain phases, such as the erest or trough
of the cirecadian adrenal evele and the anticipated cireadian periodie variation
in skin response to histamine and other substances? Such a temporal relation,
if any, does not necessarily mean a causal one,*™ ® but it provides a useful basis
for further applications of periodicity analvsis in order to estimate the extent
to which changes in one funetion might contribute to certain other funetional
alterations.

SUBJECTS, MATERIALS, AND METHODS

Six apparently healthy adult subjects, physicians and nurses, were studied:
two women 23 and 40 years of age and four men, 38, 41, 42, and 51 vears
of age. None suffered from any known allergie condition. We verified by ex-
tensive clinical examinations and routine laboratory procedures that the renal.
cardiovascular, and endocrine funetion of all six subjects eould be regarded
as normal.

*The local time in this paper is given according to largely adopted international secientific

terminology. The period from 0100 to 1200 corresponds to that from 1 A.M. to noon and that
from 1300 to 2400 corresponds to that from 1 r.a. to midnight.
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The subjects were standardized for one week hefore each of 3 sets of
tests; they stayed in bed at night (2400 to 0800) and followed their usual
home and hospital activities during the day. All subjects ate their eustomary
diet, without modification or restriction, except that meals were taken at 0800,
1300, and 2000.

Profiles were obtained on ecach subject, by sampling at 4 hour intervals
during at least three different 24 hour periods, the following three sets of
functions: (a) skin reactions to histamine, (b) skin reactions to 48/80, (e¢)
the integrated 4 hourly urinary exeretion of 17-hydroxyeorticosteroids, 17
ketosteroids, and potassium.

A standard preparation* (Laboratoire Beytout, Franee) of histamine di-
chlorhydrate, 100 pg per milliliter, was used. Each injection was of 10 pg in
0.1 ml. saline solution (trisodium citrate 0.045 mg. sodium chloride, 8.5 mg.
per 1 ml. of distilled water). The histamine liberator 48/80, a polyamine ecom-
pound,t was diluted in saline solution (sodium echloride 9 mg. per 1 ml. of
distilled water). Bach injection was of 35 pg in 0.1 ml. solution. Injections
were made exelusively on the flexor surfaces of the forearms. The injection
site was changed cach time, the distance between two different sites being
about 2 inches.

Special care was taken to standardize the mode of injection. For any one
subject, all injections were made by the same physican. Thus, it was hoped
that the depth of injection was maintained as constant as possible. Precision
svringes and needles (15/5) were used to insure that the amount of injected
drug was uniform. The objective reactions were measured 15 to 20 minutes
after the injection of the drug.

To evaluate the exact areas of both wheal and ervthema, we used the fol-
Jowing procedure: with a ball-point pen, we delineated on the skin the precise
limits of both reactions. A large piece of cellulose adhesive tape which entirely
covered the area of the reactions was then stuck briefly to the skin. After its
removal, the tape was placed on a sheet of paper and saved. The excess of ink
which left the skin printed the tape. By this procedure, it was easy to repro-
duce the two drawings of the areas of reaction made originally on the skin.

In order to quantitate the areas of reaction, the drawings were placed on
transfer paper which was then carefully eut and weighed. The quotient, weight
in milligrams, over surface in square eentimeter of the transter paper must be
constant. Average values for the crvthema surface were 20 sq. em. (limits
7 and 34 sq. em.) and for the wheal surface 2.5 sq. em. (limits 1.2 and 5.6
S, cm.).

At the time of the tests, the subjects staved either in their homes or in
the hospital. Consecutive testing periods of 24 to 48 hours were separated
by at least one week.

Intradermal injeetions were made at fixed hours—0700, 1100, 1500, 1900,
2300, and 0300 for the study of reactions to histamine as well as for the study
of regponses to 48/80.

*Lahoratoire Beytout, France.
tBurroughs-Wellecome & Company, the United States of America.



276 Rewnberg, Sidi, and (Ghata " iT- A”T}‘%‘.\"
May—.TJune, 1965

The subjects emptied their bladders at 0700 (7 a.m.) at the start of a
profile, and the collection of urine hegan thereafter. The speeimens were col-
leeted during at least six successive 4 hour periods in separate bottles. At
any time during the 4 hour period, but also always at the end of cach 4 hour
period, cach subject voided and thercafter immediately refrigerated the urine
sample.

The method of Scholler and associates,” a modification of the Silber-Porter
procedure, was used for the determination of 17-hydroxyeorticosteroids, and
that of Drekter' for 17-ketosteroids. Potassium was evaluated by flame pho-
tometry. Al samples trom a given subject were analyzed at the same
time,

Apart from the six normal subjeets, we studied two patients suffering from
a humoral allergy to penicillin characterized as a so-called anaphylaetic or
type 1 reaction.” These latter subjeets were a woman, 39 vears of age, and a
man, 61 vears of age. In each: (1) Quineke’s edema, urticaria, and lipothymy
were present from 2 to 4 hours after therapy by injection or oral administra-
tion of penicillin, (2) bhasophil degranulation tests® were positive for peni-
cillin (1/100 dilution), and (3) skin seratch tests showed strongly positive
reactions to penicillin, occurring within 15 minutes.

We verified that the renal, cardiovaseular, and endocrine funetions of these
two patients could be regarded as normal for their age. These patients were
hospitalized for 2 weeks; they staved in hed at night (2000 to 0700) and fol-
lowed nonstrenuous leisure-time activities during the day.

In these two patients we studied every 4 hours, during a 24 hour period,
the skin scrateh test reactions to penicillin instead of the intradermal in-
jections of histamine and 48/80. For this purpose, we used freshly prepared
solutions (25,000 U. per milliliter, of ervstallized sodium benzyl-penicillinate.®
Scratches (5 mm. in length) were made by the same physician on the flexor
surfaces of the forearms, the site heing changed at ecach 4 hour test time. A
constant (0.4 ml.) amount of penicillin solution was applied to the sceratehes.
The reactions were measured according to the method deseribed above.

A week after the skin tests, the urine of these two patients was collected
and analyvzed, the procedures heing those employed for the six healthy subjects.

RESULTS

Data from skin tests and the determination of the urinary execretion of
corticoids and potassium, obtained for the six 4 hour periods, werc first ex-
pressed as a percentage of the series mean. This presentation as a so-called
relative change for each function studied allows for a fairer comparison of
the changes with time in individuals with different sizes of skin reactions or
different totals exereted. The mean relative change in each function for the
whole healthy subject group is shown as a function of time in Fig. 1.

Tt can be seen that, under the conditions of study, all 6 funections revealed
a statistically significant 24 hour synchronized circadian rhythm.

*Lah. Specia, France.
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Circadian rhythms of skin reactions (areas of erythema, 4, and wheal, B) to intradermal
injections of histamine (upper curves 4 and B) and of 48/80 (middle curves 4 and B).
Circadian rhythms of urinary excretions of 17-hydroxycorticosteroids and of 17-ketosteroids
(lower eurves 4 and B).

Data for each function are expressed as the mean percentile deviation for a group of 6
healthy subjects. The mean, plus, and minus t times the standard error of the mean are in-

cluded within the shaded areas, t being Student-Fischer’s parameter with 95 per cent con-
fidence.

The erythematous skin reactions to histamine and 48/80 (IFig. 1:4) as well
as the wheal reactions to these two substances (Fig. 1B), were roughly syn-
chronized in phase with each other. Skin responses were at their crest at ahout
2300 and at their trough at about 1100 to 1500.

The question may be raised as to whether a erest in skin response might
not result from a cumulative effect of repetitive injections. Clonversely, a trough
might correspond to an “exhaustion” in skin responses as a result of repeated
stimulations. Hence, three of the six subjeets were submitted to a 48 hour
skin-testing period, with histamine as well as with 48/80. For ecach subject
and each of the drugs, both crest and trough in skin responses ocecurred
with regularity at predictable times. Moreover, the series of 7 to 13 intra-
dermal injections, while they were made at fixed hours, were not started at
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the same time. We changed the elock hour of the first injection from subject
to subjeet, and, even for a given subject, from profile to profile, as different
drugs were tested. Cirecadian rhythms in skin responses were consistently
apparent. Thus, the rhythm in skin responses described here cannot he attrib-
uted to a mere direct cumulative or exhaustive effect of the repeated sampling
procedure.

The total 24 hour urinary excretion of 17-hydroxycorticosteroids, 17-keto-
steroids, and potassium can be regarded as normal in our six healthy subjeects
and in the two allergic patients (Table I). Moreover, in all six healthy sub-
jeets a statistically significant circadian rhythm characterizes the urinary
exceretion of the three substances examined. This rhythm ecorresponded roughly
in extent of change and in its timing to similar data published earlier for
healthy adult subjects.!r o 1

The circadian rhythms in the exeretion of 17-hydroxycorticosteroids, Fig.
14, and of 17-ketosteroids, Fig. 1B, and potassium (not presented) are roughly
synchronized in phase. Under the conditions of study, all three functions show
a trough around 2300 to 0300 and a crest around 1100 to 1500.

It we compare the circadian rhythms of corticosteroid and potassium ex-
cretion, on the one hand, and the ecirecadian rhythm of skin reaections to hista-
mine and 48/80, on the other hand, we see that: (a) the erest of the cutaneous
responses occurred at about 2300, at a time of low urinary corticosteroid ex-
cretion; and (b) the trough of the cutaneous responses and the crest of corti-
costeroid exeretion appeared around 0700 to 1500; (c¢) the trough of adrenal
hormone execretion, between 2300 and 0300, followed the crest in susceptibility
to histamine by about 4 hours, suggesting that plasma levels of free cortico-
steroids were, on the average, lowest when the cutaneous response to histamine

Table 1. 17-Hydroxycorticosteroids, 17-ketosteroids, and potassium content
in total 24 hour urines

17-Hydroxycortico- 17-Ketosteroids Potassium
steroids (mg./24 hr.) (mg./24 hvr.) (mEq./24 hr.)
Healthy men (A)*
(38, 41, 42, and
51 years of age) 4.6, 4.9, 4.1, 4.4 14.3, 17.6, 15.9, 14.6 55, 52.5, 69, 49
Healthy women (A)
(23 and 40 years
of age) 3.9, 4.3 11.8, 10.2 48, 51
Allergic patients (A)
61-year-old man 3.1 12.1 54.5
39-year-old woman 5.2 11.7 66
Determination from
87 healthy adults
B)
Men 4.5 * 2.4 15.4 + 3.1 59.5 + 123
Women 43 + 2.1 105 £ 2.7 58 * 135

*(A) Values of individual determinations. (B) Average * t times the standard error of
the mean with 95 per cent confidence.
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was highest. The curve for urinary corticosteroid excretions lags behind that for

plasma levels by a few hours.
The data on the functions studied here have been viewed thus far as group
phenomena. One may further ask whether coincidence in time of crest and

Table 1l
Subjects Time of day
No. | Sex | Age Functions 0700 | 1100 | 1500 | 1900 | 2300 | 0300 | 0700
Histamine — —_— + +
1 M 38 48/80 — — + o+
17-OH-CS X XXX L. X X X X
Histamine — +
2 M 41 48/80 — +
17-OH-CS X XXX
Histamine — —_ + +
3 M 42 48/80 — — + +
17-0H-CS XXXX L.
Histamine J— +
4 M 51 48/80 — +
17-0H-CS XXXXXXXX ..
Histamine — +
5 F 23 48/80 —_— +
17-OH-CS X XXX e
Histamine —_—— + +
6 F 40 48/80 + +
17-OH-CS X XXX e
Time of minimum — and of maximum 4 skin reactions (erythema) to histamine and
48/80. Time of minimum . .. . and of maximum x x x x excretions of 17-hydroxycortico-
steroids.
Table I
8kin reactions to
Histamine 48/80
Subjects area of erythema in sq. cm. (time) | area of erythema in sq. cm. (time)
No. Minimum [ Maximum Minimum l Maximum
1 17.2 (0700) 33.3 (2300) 12 (0700) 18.3 (2300)
19.6 (1100) 28.3 (0300) 7.1 (1100) 19 (2300)
2 13.5 (0700) 27.4 (2300) 12 (0700) 24.7 (1900)
3 15.9 (1500) 26.4 (2300) 11 (1100 24.9 (2300)
16.3 (1900) 26.6 (0300)) 17.5 (1500) 28.8 (2300)
4 10.6 (1500) 16.8 (2300) 8.2 (1500) 19 (2300)
3 10.4 (0700) 30.8 (2300) 15.2 (1100) 31.3 (2300)
6 15.4 (1100) 923.2 (2300) 16.2 (1100) 25.1 (2300)
15.4 (1100) 27.6 (0300) 17 (1100) 28.7 (2300)

For each subject and each drug the minimum and maximum skin reactions are reported
with the time of their ocecurrence on the 24 hour scale. Subjects 1, 3, and 6 were submitted
to a 48 hour skin-testing period with histamine, as well as with 48/80. Therefore, in such
cases, a group of two figures, instead of one, is reported for each minimum and each maximum.
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trough may be found in each individual ease. Liet us point out that (a) with
the sampling interval used, the minimal (or the maximal) exeretion for a
substance may cover periods longer than 4 hours, and (b) among the three
subjects submitted to a continuous 48 hour skin-testing period, 4 hour changes
may oceur for the time of maximal (or minimal) cutaneous response.

In Tables IT and IIl, we indicate the individual peeuliaritics of three
funetions. In spite of these qualifications, the faet remains that the time of
maximal skin responses (ervthema) to histamine and 48/80 coincides, roughly,
in all of the 6 eases with the lowest exerction of 17-hydroxycorticosteroids.
The reverse is also true (maxima of skin responses, minima of 17-hydroxy-
corticosteroid urinary exeretions), but the coineidence in time spreads over
1 to 3 consecutive 4 hour periods. The same correlations are found with the
same qualifications for the other studied funetions; that is to sav, skin responses
(wheal) to histamine and 48/80, on the one hand, and urinary excretion of
17-ketosteroids and potassium, on the other hand, provided that these last
two indices are less specific of adrenal activity than 17-hydroxycorticosteroid
excretion.

Fig. 2 presents the curves obtained from determinations of the 4 hourly
urinary exeretion of 17-hydroxyeorticosteroids and of the 4 hourly immediate

Time of da,
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T 1 — 1t T 1 1
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Fig. 2

Circadian changes in skin reactions (erythema areas) noted in standardized penicillin seratch
tests (above). Circadian changes in urinary excretion of 17-hydroxycorticosteroids (below).
Data from two patients suffering from humoral allergy to penicillin, a 39-year-old woman
(solid lines) and a 61-year-old man (dotted lines).

Each of the curves represents percentile deviations for each subject regarding his (or her)
own mean.
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skin responses (erythema) to penicillin scratch tests in two allergic patients.
Their circadian rhythm of exereted 17-hydroxyeorticosteroids corresponded
roughly to that obtained from healthy subjects. Let us remember that in a
previous study the circadian rhythms of exereted corticosteroids in 8 asthma
patients were found to be comparable to those of healthy subjects.!

The curves of immediate allergic responses seemed to show a cireadian
rhythm with a crest at 2300 and a trough at about 0700 to 1500, under the
conditions of this study. In both cases, wheal areas that surrounded the
scratches reached their erests at about 2300. The series of skin tests began at
1500 in the case of the man and at 1700 in the profile on the woman. The
serateh test performed on her at 1900 was followed by a transient flarc-up of
urticaria located on the forehead and mneck. This reaction was not observed
at any other test time. The rhythm in skin reactions to penicillin in two al-
lergic patients scems to correspond in extent of change and in its timing to
that of skin reactions to histamine in healthy subjects. Let us point out in
this connection that the time of the maximal allergic skin responses to peni-
cillin coinecides with the lowest exeretion of 17-hydroxyeorticosteroids.

DISCUSSION

TUnder the condition of study, we observed several 24 hour synehronized
circadian rhythms in skin responses (erythema and wheal) to histamine and
48/80 in six healthy subjects and to penicillin in two allergie patients. These
facts may he regarded as an experimental extension to man of Halberg's con-
cept of the hours of changing responsiveness.™? Such a possibility has been
suspected by Menzel'? concerning the reaction of the human organism to drues
and by ourselves coneerning the predominantly noeturnal oceurrence of asthma
attacks.”

We believe that the hours of changing resistance orv responsiveness will
have to be taken into consideration from a practical as well as a theoretical
point of view. Within the scope of this paper, let us remember that circadian
rhythms have heen described in the mitotic activity of human epidermis* and
in cutaneous capillary resistance,® as well as in the study by Cormia? eited
carlier. The data of the present study define a temporal relationship, though
not necessarily a causal one,* ® hetween the cireadian rhythms in skin respon-
siveness to the effects of histamine and to those of 48/80 (penicillin in allergic
patients) on the one hand, and the physiologic adrenal eyvele on the other.
Before assuring a direet effeet of corticosteroids on the skin responses studied
here, it must be remembered that these hormones, or related compounds, ad-
ministered In excess, have few inhibitory effects, if any, on immediate skin
reactions.”™ 21

It is known that under the influence of corticosteroids the level of tissue
histamine falls™ "' and the aetivity of enzymes may he depressed” (ie., that
of histidine deearboxylase, ete.) but we do not know to what extent these
effeets are implicated in immediate skin reactions. Among several possible
ways in which the corticosteroids might act one merits our attention—these
compounds increase the stability of many eell membranes such as those of
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capillaries.™ - 1% 22 According to Doring and Riecke® the circadian rhythm
of ecapillary resistance showed a statistically significant minimum at about
2300 as a group phenomenon. In two of our six healthy subjeets, we performed
twice the determination of capillary rvesistance on the flexor surfaces of the
forearms, every 4 hours during 24 hours (standard count of petechiae after
vacuum depression of 500 mm. Hg during 60 scconds). Like Déring and
Riecke, we found a trough in capillary resistance at about 2300.

Such observations suggest that adrenal cortical changes do not determine,
but may prepare or facilitate, among other factors, the periodic variations
in skin reactivity. What we know of eircadian syvstems and their funetional
coordination® * ' leads us to think that not one, the adrenal, but many com-
ponent circadian rhythms, with differences or coincidences in timing (temporal
coordination) have to he taken into consideration to elicit the determinism
of circadian rhythms in skin responsiveness.

Nevertheless, the adrenal evele might he one of the circadian periodie and
intrinsic mechanisms on which depend the ecirecadian of response rhythms
disclosed here.

The authors would like to express their gratitude to Dr. Franz Halberg, Professor of
Experimental Pathology, University of Minnesota, for his encouragement and advice. Special
thanks are due to Mrs. Laurette Veza for her help in the translation of this text from French
into English and to our colleagues and nurses at the Rothschild Foundation (Paris) who
cooperated as subjects.
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