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INTRODUCTION

Chrono pharmacology elaborates on how the outcomes of 
drug changes with biological timing and endogenous rhythm. It 
assists in optimization of drug action and accordingly lessens ad-
verse effects by timing medication relative to biological periodic-
ity [1]. Circadian rhythm is being stimulated by zeitgeber mech-
anisms like light–darkness, warmth–cold, eating–fasting, etc. 
Zeitgeber is a stimulus which tends to initiate as well as regulate 
all the circadian rhythms of our body [2]. Basically, the circadian 
clock consists of three components: an input, central clock, and 
an output. The major input of zeitgeber is light which is cascaded 
through the retino-hypothalamic tract and geniculo-hypotha-
lamic tract through messengers like glutamate, pituitary adenyl 
cyclase-activating peptide, and substance P. Central clock or the 
pacemaker of the circadian rhythm is suprachiasmatic nucleus 
(SCN) which is located in basal hypothalamus [3]. SCN tends to 
control outputs via neural or humoral pathways [4]. SCN fibers 
target endocrine neurons—such as gonadotropin-releasing hor-
mone, thyrotropin-releasing hormone, and corticotropin-releas-
ing hormone—and autonomic neuron projecting preganglionic 
sympathetic as well as parasympathetic neurons in the spinal cord. 
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Being the pacemaker SCN synchronizes circadian oscillation ac-
cording to zeitgeber, external and peripheral oscillation. Efferent 
or the output of SCN are confined and spare within the medial 
hypothalamus, projecting medial preoptic area, paraventricular 
nucleus of the hypothalamus or subparaventricular nucleus [5]. 
Circadian clock mechanism is being regulated by clock gene ex-
pression via CLOCK (circadian locomotor output cycles protein) 
and BMAIL (aryl hydrocarbon receptor in brain and muscles), 
they form dimers and play a key role in molecular clock regula-
tion and thereby lead to activation of clock genes, per (period) 
and cry (cryptochrome). Post translation modification of per and 
cry activates phosphorylation and ubiquitination and hence con-
tributes to length-period modulation [6]. If a certain change in our 
body is day-related then it is termed as diurnal and if it is night-
related it is called as nocturnal, 1 day or 1 night connected behav-
ioral change is coined as nycthermal while 24-h associated dif-
ference is titled as circadian [7].

MELATONIN

Melatonin being first disengaged from the cow-like pineal or-
gan in 1958 however, in people, it is the primary hormone inte-
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grated and discharged by the pineal gland [8]. It is incorporated 
from a pathway which incorporates both tryptophan and sero-
tonin. It is emitted around evening time and its levels are highest 
between 3 am to 4 am, a period which is set apart by vigorous cir-
cadian mood and greatest plasma levels of melatonin. There is a 
solid connection between the everyday ascent of melatonin dis-
charge and resulting increment in rest inclination around 2 hours 
before the individual’s customary sleep time. At the point when 
the melatonin discharge begins the “rest entryway” opens and 
the affinity to nod off likewise increments and rest is most drasti-
cally averse to happen at the time before the emission. The ca-
denced arrival of melatonin is directed by the focal circadian 
beat generator—the suprachiasmatic core (SCN) of the front hy-
pothalamus [8].

It regularly gives the idea that melatonin is a “hormone of ob-
scurity,” as opposed to be the hormone of rest since it gives data 
about haziness. It is realized that it balances out different circadian 
rhythms in the body and consequently it is known as the “endog-
enous synchronizer.” Its impact on rest shows up more charmed 
in the circadian musicality of rest wake guideline. Rest beginning 
is identified with MT1 receptor while MT2 receptor is connected 
with the stage moving impacts of melatonin. The chronobiotic 
and mesmerizing impacts of melatonin are interceded through 2 
receptors: MT1 and MT2. SCN is found to have both of these re-
ceptors, yet they are additionally spread all through different lo-
cales in the mind and different organs, which shows that melato-
nin probably influences other natural frameworks as well. This far 
reaching dispersion shows that melatonin effectively affects hu-
man science that have not been completely explained, including go-
ing about as a neuroprotective and managing the rest wake cycle. 

One of numerous circadian rhythms is the rest–wake cycle. 
The circadian time of rest/wake is around 24.2 hours, yet fluctu-
ates between 23.8 to 27.1 hours. The inborn circadian inclination 
for evening time (extensive stretch) or daytime (brief period) is 
firmly identified with this period which can be controlled by esti-
mating the circumstance of maximal emission of melatonin and 
resulting related center internal heat level (core body tempera-
ture, CBT). When CBT is at its most minimal and melatonin lev-
els are at their most noteworthy, it demonstrates a time of great-
est sleepiness [9]. 

Melatonin and the circadian rhythm of sleep-wake cycle
Melatonin seems to have 2 extremely entrancing consequences 

for the rest–wake cycle. The primary impact included entraining 
and moving the circadian musicality (process C) in a chronobiot-
ic work. Second result includes promoting sleep onset and conti-
nuity in a very hypnotic operate by increasing the physiological 
state drive to sleep (process S). These effects seem to be equal. 
Clinically, exogenous internal secretion given within the morn-
ing delays evening drowsiness by delaying the part of biological 
time. Each phase can be advanced if internal secretion is given 
within the evening. The use of exogenous internal secretion in 
primary sleep disorder reveals mixed results. One meta-analysis 

showed effectivity trends of internal secretion [10]. In another study, 
though the results were reported as negative, it showed a statisti-
cally important positive result of a decrease in sleep latency by a 
median of 7.2 minutes for internal secretion [11]. The develop-
ment in sleep latency is well inside the vary of different marketed 
pharmaceutical hypnotic agents however still for reasons unknown, 
the result was thought-about to be statistically insignificant [12].

The usage of 2 mg of extended-release internal secretion showed 
important improvement in primary sleep disorder, which was dis-
closed by studies that were disbursed in massive teams of old and 
senior patients. Positive results were primarily seen in patients 
aged 55 or older and effectivity was seen over a 6 months in the 
study that was conducted in more than 500 patients. Most likely 
the age-related decrease in internal secretion levels is to blame for 
the advantageous results of exogenous internal secretion in nurs-
ing older population [13]. Some potential causes of this embrace 
lightweight input that is a smaller amount effective, attenuate ac-
tivity of the SCN, or calcification of the epiphysis. This mecha-
nism is supported by the proof that comes from a study of pa-
tients of all ages with comparatively low internal secretion levels 
and World Health Organization showed advantageous response 
to the sleep effects of exogenous internal secretion. 

Internal secretion agonists

Ramelteon 
Some of the intrinsic biological issues thought to be joined to 

the inconsistent findings of internal secretion on sleep area unit 
are solved by ramelteon, a more modern MT1/MT2 internal se-
cretion receptor agonist approved by the FDA in 2005 for the 
treatment of insomnia [14-16]. It has a 3- to 16-fold bigger affin-
ity for the MT1 and MT2 receptors. A lively matter is to blame for 
its action and its blessings over internal secretion clearly embrace 
its longer half-life, exaggerated tissue absorption and bigger lipo-
tropic properties. It has no affinity for minor tranquilliser, opioid, 
dopamine, or 5-hydroxytryptamine receptor subtypes and it ex-
erts its action principally on the SCN. The consequences area unit 
quickly seen inside per week and its effectivity last for six months. 
It targets sleep onset quite internal secretion itself that is proved 
by its MT1 receptor selectivity [17,18]. It is additionally shown 
part shifting skills of the biological time still as some mixed posi-
tive ends up in tiredness disorder. It is currently thought-about 
first-line treatment for primary sleep disorder, particularly if the 
patient is senior or has problems with rebound sleep disorder, 
next day effects, withdrawal, or components of biological time 
sleep disorders. 

Circadin 
First internal secretion receptor agonist accredited within the 

global organization (2007) indicated for the treatment of prima-
ry sleep disorder in patients aged 55 years or older is prolonged 
unharness internal secretion, i.e., circadin [19-21]. In patients aged 
55 years or older who are suffering from poor sleep quality; inter-
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nal secretion production is even under in healthy senior individ-
uals while not such complaints and circadin is built to bit by bit 
unharness internal secretion over 8–10 hours [20,22,23]. It had 
been approved by the European Medicines Agency (EMA) 2007 
in Europe as monotherapy for the short-run treatment of prima-
ry sleep disorder characterized by poor quality of sleep in patients 
World Health Organization area unit aged 55 or older and is pres-
ently commercialized in Europe and Asia-Pacific territories. It has 
been ascertained to be effective in rising sleep latency, quality of 
sleep, quality of life and morning alertness in primary sleep dis-
order patients, suggesting additional restorative sleep, while not 
withdrawal symptoms upon discontinuation [13,24,25]. In clini-
cal trials, its safety and tolerability profile was adore placebo clus-
ter, with no negative effects on memory or bodily property sta-
bility throughout the night. The treatment with it had been not 
restricted to 2–4 weeks as finished different classical sedative hyp-
notics sleep medication however allowed for up to three months 
while not interruption considering its safety and tolerability in-
formation.

Agomelatine 
Agomelatine is an internal secretion MT1 and MT2 receptors 

agonist and a weak 5-HT2C antagonist. In depressive patients, 
agomelatine is understood to enhance sleep quality and cut back 
waking once sleep onset. The melatoninergic activity is joined to 
its sleep promoting activity and 5-HT2C receptor antagonism is 
to blame for its anti-depressive action. However, there is some tilt 
on what extent 5-HT2C antagonism contributes to its therapeutic 
effect as a result of its short half-life and low 5-HT2C affinity [26].

Tasimelteon 
Tasimelteon is a particular MT1 and MT2 receptors agonist. It 

has been developed for the treatment of unit of time rhythms sleep 
disorders and approved within the USA in 2014 for the treatment 
of non-24-hour sleep-wake disorder within the blind. Clinical 
Trial Phase III studies are conducted in transient sleep disorder 
related to shifted sleep and wake time and within the clinical trial 
study, sleep latency was reduced; sleep potency was exaggerated 
compared with placebo and there was a dose dependent advance-
ment in plasma internal secretion rhythm with tasimelteon [27,28]. 
Improvement in sleep latency, sleep potency and also the wake 
once sleep onset was ascertained within the clinical test study. In 
each of the studies, the frequency of adverse events were as com-
pared to placebo [29].

SKIN AND ITS CIRCADIAN RHYTHM

Skin is the largest organ in our body and it plays a crucial role 
by acting as a barrier, protecting from external environment as 
well as synthesis of vitamins [30]. Skin consists of 3 major com-
ponents, outermost layer is epidermis (50 cell layers to 100 cell 
layers), average thickness being 0.1 mm. Epidermis is further cat-
egorized into 5 horizontal layers—stratum corneum, stratum ba-

sale, stratum spinosum, stratum granulosum, and stratum lucidum 
[31]. Dermis lies below epidermis and is made up of fibrous net-
work of tissue to provide resilience and structure to skin, its aver-
age thickness being 2 mm. It consists of blood, lymph vessel, and 
structural proteins [32]. Innermost layer is hypodermis which tends 
to refer fat tissues below dermis that basically provides shock ab-
sorption and insulates body from cold temperature. In response 
to discrepancy due to external stimuli, it tends to show varied re-
ciprocation in the level of enzymes, texture and mediators because 
of 24-hour day-night cycle or seasonal cycles [33].

In various studies, it was found that epidermal layer of skin 
acts as a circadian biomarker and also foresees that many skin 
functions tends to follow circadian rhythm. Le Fur I et al. [34] car-
ried out studies on 8 Caucasian women for a time period of 48 
hours and determined parameters like, variation in skin temper-
ature of forearm, facial skin as well as trans-epidermal water loss 
(TEWL) according to that of day–night cycle to which they con-
cluded that skin temperature is at peak in late afternoon for fore-
arm skin and highest in early morning for facial skin. They in-
ferred that maximum TEWL for cheeks was observed at 8:00 and 
12:00 and trough after 14:00. Similar studies were carried out by 
Yosipovitch et al. [35] where various parameters like TEWL, skin 
pH, and stratum corneum hydration was studied on forearm, up-
per back, and shin skin of men. Measurement of TEWL was car-
ried out with Evaporimeter (Teavameter), stratum corneum hy-
dration level was studied with corneometer, pH using pH meter 
and skin temperature using a digital infrared thermometer. In this 
statistical analysis, it was evident that parameters like TEWL, skin 
pH, and skin temperature showed time dependent rhythms while 
in stratum corneum hydration no time dependent rhythm was 
detected. TEWL was more prominently obtained in evening and 
trough level was observed in morning (8:00–10:00) on all sites ex-
cept on shin where peak was noted around 12:00 and 04:00, 2 na-
dirs at 22:00 and 08:00 was seen. Skin pH which was studied on 
shin & forearm was at peak in afternoon around 14:00 and 16:00, 
while minimum was in evening around 20:00. Recently, in a com-
parative study of 38 Japanese volunteers, wrinkle analysis on hu-
man face was done using images of replicas acquired from differ-
ent areas on face susceptible to wrinkling and it was found that on 
all areas of skin, wrinkles are more noticeable in afternoon than 
that in morning or night [36]. Rhythmic action of cutaneous blood 
flow was studied by Yosipovitch et al., [37] and they reported that 
in late afternoon and late evening there is high cutaneous blood 
flow whereas it is less in early day. Interestingly, time dependent 
croon of skin was also observed at cellular level where epidermal 
cell proliferation or the M-phase of the cell cycle of skin cells was 
studied using biopsies from healthy volunteers which showed pro-
liferation at 23:00 and trough at noon (Table 1) [34-40].

Seasonal cycles
Not only the 24-hour biological clock but also the environmen-

tal seasonal pattern affects the histology of skin. It was eventually 
observed by Uter et al. [41] that skin is more hydrated in summer 
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because of increase in sweat secretion and comparatively dryer in 
winter. Therefore, the incidence of dermatitis is more likely to be 
observed in winter. In a study, Hellemans et al. [42] investigated 
that lipid peroxides present on the surface of skin are responsible 
for oxidation of lipids and thereby affect the strength of stratum 
corneum. In the beginning of spring there is increase in level of 
lipid peroxidase and they peak during summer, mainly due to ex-
posure of solar irradiation and hence show gradual loss of cata-
lase activity. Interestingly, on further studies it was observed that 
UV-A tends to downregulate but UV-B does not affect catalase 
activity. Melanin Index, TEWL as well as moisture level in skin was 
studied on 22 healthy Japanese volunteers by Gardner-Medwin 
et al. [43] where neck skin for 11 males and ventral forearm skin 
for 11 females were used as area for test. It was observed that mel-
anin index was high in late spring and early winter whereas TEWL 
level and moisture level was maximum in rainy season. Moisture 
level and TEWL was found to be minimal in late spring. Season-
al variation pattern is also varied in male and female. It is also ob-
served that skin variation is more pronounced in females than in 
males. Studies evidently focus light on the fact that at 15°C females 
need less cooling to attain same temperature of skin as men. The 
epidermis of men was found to be thicker in summer whereas for 

women the epidermis was thickest in rainy season, the epidermis 
being thinnest in spring for both sexes [44-47]. Xerosis which 
leads to rough and dry skin, it found prominently in winter [46]. 
Studies done by Tupker et al. [48] found that there exists a rhythm 
for susceptibility to SLS-induced irritation in response to non-
active agents like substance P, methacholine, and trypsin, and it 
was concluded that such irritation is high in November compared 
to July (Table 2). 

CHRONOTHERAPEUTICS

Chronotherapeutics is over a time (day/night) purposely de-
livering different medications in unequal amount as it takes cir-
cadian rhythm into account. It is useful to predict the optimized 
administration time or to reduce adverse effects [49]. In some con-
ditions, chronotherapeutics is very essential to predict delivery 
pattern of drug, primarily in neuroendocrine analogues to en-
hance the therapeutic outcomes. It does not insist need of new 
medicine to improve biological outcomes but it involves improved 
drug dosing application schedules of the established drug [50]. 
Following is the application of chronotherapeutic studies (Table 3).

Table 1. Twenty-four-hour cycle effecting skin parameters
Study Parameters Instrument Sites Peak Low

Le Fur I et al. [34]
Skin temperature Thermometer

Forearm Late afternoon -
Face Early morning -

TEWL Tevameter

Cheek 08:00 and 12:00 14:00

Yosipouitch et al. [35]

Upper back
20:00 08:00–10:00Forearm

Forehead
Shin 12:00 and 04:00 08:00 and 22:00

pH pH meter
Forehead

14:00 and 16:00 20:00
Shin

Tsukahara et al. [36] Skin wrinkles Images of replicas Facial More noticeable 
  in afternoon

Less in morning 
  or night

Yosipovitch et al. [37] Cutaneous blood flow - - Late afternoon and 
  late evening Early in morning

Latreille et al. [38] Sebum production Sebumtry Forehead Noon -
Bjarnason and Jordan [39] Epidermal cell proliferation Cell biopsies - 23:00 Noon
Denda et al. [40] Barrier recovery rate Tape stripping Forearm skin 03:00 20:00 and 23:00

Table 2. Seasonal cycle effects on skin
Study Parameters Maximum level Minimum level

Uter et al. [41] Skin hydration Summer Winter
Hellemans et al. [42] Lipid peroxides Spring Summer
Gardner-Medwin et al. [43] Melanin index Late spring and early winter -

Moisture level and TEWL Rainy season Late spring
Sandby-Møller et al. [44] Epidermal thickness Summer (thick) for men Spring

Rainy season for women
Kodydková et al. [45] Catalase activity Summer Winter or rainy
Roger et al. [46] Xerosis Winter -
Nakagawa et al. [47] Corneum stiffness Winter -
Tupker et al. [48] Sodium lauryl sulfate (SLS)-induced irritation November July
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Vitamins 
Vitamin D analogue maxacalcitrol has shown a remarkable 

inhibition in proliferation of keratin cycle [51]. High proliferation 
of epidermis leads to chronic inflammatory diseases like psoria-
sis, dermatitis etc. It also tends to initiate differentiation process 
within skin and thereby stands out as a reliable therapeutic option 
for treatment of psoriasis. 1,25-dihydroxy vitamin D3 is an active 
metabolic of vitamin D and it is necessary that active metabolite 
bind with vitamin D receptor (VDR) to show it therapeutic effect, 
which means therapeutic responsiveness of vitamin D analogues 
depends upon level of expression of VDR in tissue. Studies proj-
ect that nuclear expression of VDR in mice skin had daily varia-
tion, exhibiting peak at 16:00 or mid-day. Yoshioka et al. [52] con-
cluded that treatment carried out between 12 to 18 hours after 
light onset (HALO), i.e., active phase of VDR expression and then 
from 0 to 6 HALO had varied result. Inflammatory mediators like 
IL-23\Th 17 as well as IL-17 were the prominent variables respon-
sible for psoriatic inflammation. It was analyzed that expression 
of these variables were decreased while dosing at activated phase, 
but not significantly for inactive. Hence it can be concluded that 
skin protection activity of maxacalcitriol is greater when dosing 
is done in activated period. Maxacalcitriol is mostly used twice a 
day for treatment of psoriasis so rather than twice a day applica-
tion once a day (in activated period) would show similar effect.

Topical retinoids (vitamin A) stand out to be a major option for 
the treatment of acne vulgaris as it tends to reduce perifollicular 
inflammation and decrease microdome formation [53]. Earlier it 
was applied in evening just because of its unstable structure but 
with recent advances in vehicle formulation, UV light stable for-
mulations are available which can be applied in morning. Studies 
evidence that in evening there is high cell proliferation of skin, 
hence it is more therapeutically efficient to apply it in evening. 
Also along with skin proliferation TEWL is also high in evening 
as compared to that in morning and thus it may add moisturizer 
to retinoid dose regimen. Hence, in case of retinoids there are 

two factors that govern therapeutic efficacy they are UV stability 
and skin proliferation, in both cases evening topical application 
is efficacious

Steroids 
About 65% of patients suffering with atopic dermatitis, chron-

ic urticaria, and psoriasis complained of elevation in pruritus 
during evening due to lower level of cortisol in evening [54]. Be-
tamethasone dipropionate (0.05%) ointment is used as topical 
steroid for treatment of dermal pathological conditions like der-
matitis, inflammation and psoriasis. Topical corticosteroids are 
basically used to suppress hyper proliferation and inflammatory 
response. Debon et al. [55] carried out study on 0.05% betameth-
asone propionate (BP) with different form of vehicle formulations 
in which skin blanching response was analyzed by using chro-
mometer, maximal as well as duration of response was studied. 
The studied formulation vehicles were Diprosone oinment, Dip-
rolene Af cream, Diprosone lotion, Diprolene-augmented cream 
and Diprosone cream. In vivo study concluded that 0.05% of BP 
has circadian variation linked up with therapeutic efficacy. When 
drug was applied at 09:00 (morning), decrease in chromameter 
was measured at 21:00 and 23:00, i.e., after 12–13 hours of appli-
cation. Similarly when drug was applied at 16:00 (evening), maxi-
mal activity was found in midnight, which concluded that has 
maximal activity at night irrespective of the time of application. 
To get the optimal benefit 0.05% of BP is used for treatment for 
duration of 2–6 hours, data suggest that when BP is applied in late 
afternoon then it produce a greater activity for longer as compared 
to application in morning. Therefore 0.05% of BP irrespective of 
time of application shows maximal activity at midnight and to 
enhance the period of maximum activity it is preferable to apply 
in afternoon for duration of 2 to 6 hours.

Anesthetics
Ropivacaine is a local anesthetic prominently used as labor anal-

Table 3. Studies on chrono therapeutics
Class Dosage form Drug Clinical application Chrono therapeutics Reference

Vitamin Cream Maxacalcitol Used in skin inflammation 
  (psoriasis)

Drug effective from the period 
  12–18 hours and showed no 
  effect when taken in 0–6 hours

Yoshioka et al. [52]

Creams Retinoids Perifollicular inflammation 
  and microdrone formation
Acne  

Applied only in evening not 
  in the morning 

Smolensky and 
  Peppas [53]

Steroids Cream, 
  Lotion,  
  Ointment 

Betamethasone 
  dipropionate

Psoriasis,
  atopic dermatitis

Longest effect when applied 
  at 16:00 than at 09:00

Debon et al. [55] 

Anesthetics Transdermal 
  injections

Ropivacaine Local anesthetics Longer effect in diurnal period 
  (morning and afternoon) 
  than in nocturnal (evening 
  and night)

van de Kerkhof [54]
  and Debon 
  et al. [55]

Beta agonist Transdermal patch Tulobuterol Asthma Application of trans epidermal 
  patch at night would show 
  stabilizing effect for 24 hours

Turek et al. [57]
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gesia. Various human and animal trials have shown variation in 
drug kinetics. In case of local anesthetic especially for labor it is 
mandatory to use specific dose or else it switches from efficacy to 
toxicity. This study was carried out on 194 woman been at least 
36 weeks of gestation, enrolled as per American Society of Anes-
thesiologist [55]. Epidural administration of 14 mL ropivacaine was 
carried out for 4 phases (morning, noon, evening, and night). As-
sessment of intensity of pain was determined using visual linear 
analogues. It was extrapolated that administration of epidural 
ropivacaine during the first stage of Labor has significantly longer 
effect in the diurnal compared to nocturnal phase. The duration 
was 28% longer in case of diurnal period over nocturnal. Second-
ly, it was analyzed that not considering chrono biological param-
eters can create a statistical error of type 1. Thereby we can say 
chrono biological parameters should be included and more ex-
plored in studies of obstetrical anesthesia.

Beta agonist
Hokunalin is the first branded beta agonist patch developed for 

long-term treatment of chronic obstructive pulmonary disorder 
disease and asthma in Korea, China, and Japan. With its promi-
nent safety and efficacy established since 13 years in clinical trial 
launched in Japan, this part of patch of Tulobuterol tends to fol-
low circadian rhythm. Studies had found that respiratory func-
tions suppress from late night till early morning, which is termed 
as “morning dip.” Hokunalin tape is a crystal reservoir system with 
reducing size of formulation that tends to prolong the release of 
drug. In order to balance suppressed function at night oral beta 
adrenoagonist and Hokunalin tape was administered around 
20:00 and it was projected that with sustained release profile ef-
fective therapeutic dose was released in morning dip period. As 
compared to oral beta adrenoagonist, no excessive or increase in 
blood concentration in blood was found and over long period of 
time also effective blood concentration was maintained. Maxi-
mum blood concentration was attained for 9–12 hours and effec-
tive concentration was maintained nearly for 24 hours of applica-
tion [56]. Hence, when patch is applied before bedtime, maximum 
concentration is achieved during morning dip suppressing asth-
matic attacks. With its minimal adverse reaction it was found use-
ful for child asthma patient as well. 

RECENT ADVANCEMENT IN SKIN 
CHRONOBIOLOGICAL STUDIES

Prognosis
As we have seen earlier that human circadian system is synchro-

nized by internal biological clock, but with age almost all the cir-
cadian system looses its functionality [57]. Hofman and Swaab 
[58] justified that with age that there is impairment in input sys-
tems like pupillary myosis, which through crystalline lens hastens 
the transmission of blue light in retina, hence there is depletion of 
ipRGCs as well as atropy of dentric tree of ipRGCs. Also, the func-
tionality of main pacemaker SCN is influenced by age-related dif-

ferent neuronal impairment [58]. Aging can also modify output 
preferences evening to morning. Furthermost, irregular vasocon-
striction and vasodilation mechanism tends to swag thermoregu-
lation. As a result of such thermoregulatory changes there is change 
in body temperature as well as the amplitude of core temperature 
rhythm is decreased [59]. Martinez-Nicolas et al. [60] carried out 
studies on 44 young and 44 aged volunteers where their distal 
skin temperature (DST) was constantly monitored. Compared to 
the young participants, aged volunteers had high DST during 
evening. In young volunteers lowest skin temperature was ob-
served in late evening (22:00 to 22:00), while in aged volunteers it 
was lowest at day time in the morning (10:00 to 12:00).

Healing aid
Wound healing is a self-repair process of skin due to internal 

or external injuries. Aquaporins (AQPs) are present on the skin 
which acts as a basic transporter. It is specifically involved in cell 
migration and proliferation [61]. AQPs are integral proteins which 
facilitates water transportation. Recently the role of all AQPs in 
cell migration and proliferation has been postulated, role of AOP1 
in cell migration was put forth by Saadoun et al. [62] The activity 
of all the aquaporin channels AQP3 [63] and AOP4 [64] in the 
activation of cell events was explored in keratinocyte migration 
studies which were performed on mouse and human cells by Mat-
sunaga et al., [65] hence the relevance of AQP3 in keratinocyte 
proliferation was found in wound healing. AQP3 is a glycerol spe-
cific porin channel which is used for transportation of water and 
glycerol between and within the cells, which on further metabo-
lism by Krebs cycle and glycolysis leads to production of ATP. The 
relationship of circadian rhythm and AQP3 was studied by Mat-
sunaga et al. [65] whereby they concluded that expression of AQP 
gene by mApq3 mRNA was seen prominently at 21:00, i.e., at 
night and the physiological function of mApq3 was controlled by 
CLOCK genes [65].

Thermal regulation
Brown fat is generally found in infants and is characterized by 

presence of large number of mitochondria and existence of mi-
tochondrial uncoupling protein 1 (UCP1) within fat cells contrib-
ute to its brown color [66]. It leads to breakdown of glucose and 
fats which thereby generated heat. Infants lack the ability to shiv-
er when they become cold so brown fats shield as a protective 
mechanism against cold temperature [67]. Acosta et al. [68] car-
ried out a study on the circadian rhythm of brown fats breakdown. 
There was a cross sectional study performed on 82 young healthy 
participants (out of which 27% were males) in which breakdown 
of brown fats was studied using DST which was measured by ther-
machrons wireless temperature sensor (Buton DS-1922.L) for 
about 7–8 days. It was found that there was a constant increase 
in temperature during night phase with deduction in core body 
temperature [68]. Earlier studies postulated that during night there 
is increase in DST which is associated with short sleep latency, 
Glotzbach and Heller [69] studied connecting links between sleep 
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center and thermo regulators which demonstrated that at night 
there is high breakdown of brown fats and hence there is increase 
in body temperature. Similarly, in morning skin temperature is at 
trough, i.e., low fats breakdown.

CONCLUSION

Skin plays a crucial role in dermal and transdermal delivery sys-
tem. Release of drug from various dosage form like gels, creams, 
films and patches depends on the barrier histology of skin. From 
above studies, we can infer that 24 hours (light/dark phase) as 
well as seasonal cycles lead to varied changes in skin temperature, 
TEWL, skin texture as well as epidermal thickness. So according-
ly, it is very necessary to select proper dose as well as dose deliv-
ery pattern to get optimal biological actions which is evident from 
various chronotherapeutic studies of drugs. In certain conditions, 
improper timing of dosage may lead to unexpected reactions which 
is also termed as chrono toxicological conditions. Recent studies 
have confirmed that chronobiological studies can be used as age 
predictor, to study wound healing or to determine breakdown of 
brown fats. It was also found that there exists a direct relation be-
tween sleep and dermatological diseases like eczema, psoriasis, 
or skin aging which can also throw light on new avenues for the 
treatment. 

Acknowledgments
None

Conflicts of Interest
The authors have no potential conflicts of interest to disclose.

Author Contributions
Conceptualization: Jagruti Thoke, Shivangi Patel. Data curation: 
Jagruti Thoke. Resources: Shivangi Patel. Supervision: Anuradha 
Majumdar. Visualization: Jagruti Thoke, Shivangi Patel, Anuradha 
Majumdar. Writing—original draft: Jagruti Thoke. Writing—review 
& editing: Jagruti Thoke, Shivangi Patel, Anuradha Majumdar.

ORCID iDs
Jagruti Thoke 
https://orcid.org/0000-0001-5121-7822
Shivangi Patel 
https://orcid.org/0000-0002-3676-3339
Anuradha Majumdar 
https://orcid.org/0000-0001-5314-7223

REFERENCES

1. Reinberg A, Smolensky M, Lévi F. Clinical chronopharmacology. Biomedi-
cine 1981;34:171-178. 

2. Grandin LD, Alloy LB, Abramson LY. The social zeitgeber theory, circadian 
rhythms, and mood disorders: review and evaluation. Clin Psychol Rev 
2006;26:679-694. 

3. Honma S. Development of the mammalian circadian clock. Eur J Neurosci 
2020;51:182-193. 

4. Buijs RM, Kalsbeek A, van der Woude TP, van Heerikhuize JJ, Shinn S. Su-
prachiasmatic nucleus lesion increases corticosterone secretion. Am J Physi-
ol 1993;264(6 Pt 2):R1186-R1192. 

5. LeSauter J, Silver R. Output signals of the SCN. Chronobiol Int 1998;15:535-
550. 

6. Wager-Smith K, Kay SA. Circadian rhythm genetics: from flies to mice to 
humans. Nat Genet 2000;26:23-27. 

7. Mehling A, Fluhr JW. Chronobiology: biological clocks and rhythms of the 
skin. Skin Pharmacol Physiol 2006;19:182-189. 

8. Lerner AB, Case JD, Takahashi Y, Lee TH, Mori W. Isolation of melatonin, 
the pineal gland factor that lightens melanocytes. J Am Chem Soc 1958;80: 
2587-2587.

9. Saper CB, Lu J, Chou TC, Gooley J. The hypothalamic integrator for circa-
dian rhythms. Trends Neurosci 2005;28:152-157. 

10. Buscemi N, Vandermeer B, Hooton N, Pandya R, Tjosvold L, Hartling L, et 
al. The efficacy and safety of exogenous melatonin for primary sleep disor-
ders. a meta-analysis. J Gen Intern Med 2005;20:1151-1158. 

11. Srinivasan V, Pandi-Perumal SR, Trahkt I, Spence DW, Poeggeler B, Harde-
land R, et al. Melatonin and melatonergic drugs on sleep: possible mecha-
nisms of action. Int J Neurosci 2009;119:821-846. 

12. Cardinali DP, Srinivasan V, Brzezinski A, Brown GM. Melatonin and its an-
alogs in insomnia and depression. J Pineal Res 2012;52:365-375.

13. Wade AG, Crawford G, Ford I, McConnachie A, Nir T, Laudon M, et al. Pro-
longed release melatonin in the treatment of primary insomnia: evaluation 
of the age cut-off for short- and long-term response. Curr Med Res Opin 2011; 
27:87-98. 

14. Pandi-Perumal SR, Srinivasan V, Spence DW, Moscovitch A, Hardeland R, 
Brown GM, et al. Ramelteon: a review of its therapeutic potential in sleep 
disorders. Adv Ther 2009;26:613-626. 

15. Neubauer DN. A review of ramelteon in the treatment of sleep disorders. 
Neuropsychiatr Dis Treat 2008;4:69-79. 

16. Kato K, Hirai K, Nishiyama K, Uchikawa O, Fukatsu K, Ohkawa S, et al. 
Neurochemical properties of ramelteon (TAK-375), a selective MT1/MT2 
receptor agonist. Neuropharmacology 2005;48:301-310. 

17. Hatta K, Kishi Y, Wada K, Takeuchi T, Odawara T, Usui C, et al. Preventive 
effects of ramelteon on delirium: a randomized placebo-controlled trial. 
JAMA Psychiatry 2014;71:397-403.

18. Tsuda A, Nishimura K, Naganawa E, Otsubo T, Ishigooka J. Ramelteon for 
the treatment of delirium in elderly patients: a consecutive case series study. 
Int J Psychiatry Med 2014;47:97-104. 

19. Czeisler CA, Dumont M, Duffy JF, Steinberg JD, Richardson GS, Brown EN, 
et al. Association of sleep-wake habits in older people with changes in out-
put of circadian pacemaker. Lancet 1992;340:933-936. 

20. Haimov I, Laudon M, Zisapel N, Souroujon M, Nof D, Shlitner A, et al. Sleep 
disorders and melatonin rhythms in elderly people. BMJ 1994;309:167.

21. Rodenbeck A, Huether G, Rüther E, Hajak G. Nocturnal melatonin secre-
tion and its modification by treatment in patients with sleep disorders. In: 
Huether G, Kochen W, Simat TJ, Steinhart H, editors. Tryptophan, serotonin, 
and melatonin. Advances in Experimental Medicine and Biology, vol 467. 
Boston, MA: Springer, 1997, p. 898-893. 

22. Lemoine P, Nir T, Laudon M, Zisapel N. Prolonged-release melatonin im-
proves sleep quality and morning alertness in insomnia patients aged 55 
years and older and has no withdrawal effects. J Sleep Res 2007;16:372-380. 

23. Lemoine P, Zisapel N. Prolonged-release formulation of melatonin (Circa-
din) for the treatment of insomnia. Expert Opin Pharmacother 2012;13:895-
905.

24. Wade AG, Ford I, Crawford G, McConnachie A, Nir T, Laudon M, et al. 
Nightly treatment of primary insomnia with prolonged release melatonin 
for 6 months: a randomized placebo controlled trial on age and endoge-
nous melatonin as predictors of efficacy and safety. BMC Med 2010;8:51.

25. Garfinkel D, Zorin M, Wainstein J, Matas Z, Laudon M, Zisapel N. Efficacy 
and safety of prolonged-release melatonin in insomnia patients with diabe-
tes: a randomized, double-blind, crossover study. Diabetes Metab Syndr 
Obes 2011;4:307-313. 

26. Kennedy SH, Eisfeld BS. Agomelatine and its therapeutic potential in the 
depressed patient. Neuropsychiatr Dis Treat 2007;3:423-428. 

27. Rajaratnam SM, Polymeropoulos MH, Fisher DM, Roth T, Scott C, Birznieks 
G, et al. Melatonin agonist tasimelteon (VEC-162) for transient insomnia 
after sleep-time shift: two randomised controlled multicentre trials. Lancet 



Jagruti Thoke, et al CIM / 15

2009;373:482-491.
28. Mulchahey JJ, Goldwater DR, Zemlan FP. A single blind, placebo controlled, 

across groups dose escalation study of the safety, tolerability, pharmacoki-
netics and pharmacodynamics of the melatonin analog beta-methyl-6-chlo-
romelatonin. Life Sci 2004;75:1843-1856. 

29. Hardeland R. Tasimelteon, a melatonin agonist for the treatment of insom-
nia and circadian rhythm sleep disorders. Curr Opin Investig Drugs 2009;10: 
691-701.

30. Wong R, Geyer S, Weninger W, Guimberteau JC, Wong JK. The dynamic 
anatomy and patterning of skin. Exp Dermatol 2016;25:92-98. 

31. Losquadro WD. Anatomy of the skin and the pathogenesis of nonmelano-
ma skin cancer. Facial Plast Surg Clin North Am 2017;25:283-289. 

32. Langer K. On the anatomy and physiology of the skin. II. Skin tension. Br J 
Plast Surg 1978;31:93-106.

33. Montagna W. Comparative anatomy and physiology of the skin. Arch Der-
matol 1967;96:357-363. 

34. Le Fur I, Reinberg A, Lopez S, Morizot F, Mechkouri M, Tschachler E. Analy-
sis of circadian and ultradian rhythms of skin surface properties of face and 
forearm of healthy women. J Invest Dermatol 2001;117:718-724. 

35. Yosipovitch G, Xiong GL, Haus E, Sackett-Lundeen L, Ashkenazi I, Maibach 
HI. Time-dependent variations of the skin barrier function in humans: tran-
sepidermal water loss, stratum corneum hydration, skin surface pH, and skin 
temperature. J Invest Dermatol 1998;110:20-23.

36. Tsukahara K, Moriwaki S, Hotta M, Fujimura T, Kitahara T. A study of di-
urnal variation in wrinkles on the human face. Arch Dermatol Res 2004;296: 
169-174.

37. Yosipovitch G, Sackett-Lundeen L, Goon A, Yiong Huak C, Leok Goh C, 
Haus E. Circadian and ultradian (12 h) variations of skin blood flow and 
barrier function in non-irritated and irritated skin-effect of topical cortico-
steroids. J Invest Dermatol 2004;122:824-829. 

38. Latreille J, Guinot C, Robert-Granié C, Le Fur I, Tenenhaus M, Foulley JL. 
Daily variations in skin surface properties using mixed model methodolo-
gy. Skin Pharmacol Physiol 2004;17:133-140. 

39. Bjarnason GA, Jordan R. Rhythms in human gastrointestinal mucosa and 
skin. Chronobiol Int 2002;19:129-140. 

40. Denda M, Tsuchiya T. Barrier recovery rate varies time-dependently in hu-
man skin. Br J Dermatol 2000;142:881-884. 

41. Uter W, Gefeller O, Schwanitz HJ. An epidemiological study of the influence 
of season (cold and dry air) on the occurrence of irritant skin changes of the 
hands. Br J Dermatol 1998;138:266-272.

42. Hellemans L, Corstjens H, Neven A, Declercq L, Maes D. Antioxidant en-
zyme activity in human stratum corneum shows seasonal variation with an 
age-dependent recovery. J Invest Dermatol 2003;120:434-439. 

43. Gardner-Medwin JM, Macdonald IA, Taylor JY, Riley PH, Powell RJ. Sea-
sonal differences in finger skin temperature and microvascular blood flow 
in healthy men and women are exaggerated in women with primary Rayn-
aud’s phenomenon. Br J Clin Pharmacol 2001;52:17-23. 

44. Sandby-Møller J, Poulsen T, Wulf HC. Epidermal thickness at different body 
sites: relationship to age, gender, pigmentation, blood content, skin type and 
smoking habits. Acta Derm Venereol 2003;83:410-413. 

45. Kodydková J, Vávrová L, Kocík M, Žák A. Human catalase, its polymor-
phisms, regulation and changes of its activity in different diseases. Folia Biol 
(Praha) 2014;60:153-167. 

46. Rogers J, Harding C, Mayo A, Banks J, Rawlings A. Stratum corneum lipids: 
the effect of ageing and the seasons. Arch Dermatol Res 1996;288:765-770. 

47. Nakagawa N, Sakai S, Matsumoto M, Yamada K, Nagano M, Yuki T, et al. 
Relationship between NMF (lactate and potassium) content and the physi-
cal properties of the stratum corneum in healthy subjects. J Invest Derma-

tol 2004;122:755-763. 
48. Tupker RA, Coenraads PJ, Fidler V, De Jong MC, Van der Meer JB, De Mon-

chy JG. Irritant susceptibility and weal and flare reactions to bioactive agents 
in atopic dermatitis. II. Influence of season. Br J Dermatol 1995;133:365-370. 

49. Gest S, Legenbauer T, Bogen S, Schulz C, Pniewski B, Holtmann M. Chro-
notherapeutics: an alternative treatment of juvenile depression. Med Hy-
potheses 2014;82:346-349. 

50. Bowles NP, Thosar SS, Herzig MX, Shea SA. Chronotherapy for Hyperten-
sion. Curr Hypertens Rep 2018;20:97.

51. Soleymani T, Hung T, Soung J. The role of vitamin D in psoriasis: a review. 
Int J Dermatol 2015;54:383-392. 

52. Yoshioka D, Ando H, Ushijima K, Kumazaki M, Fujimura A. Chronothera-
py of maxacalcitol on skin inflammation induced by topical 12-O-tetradec-
anoylphorbol-13-acetate in mice. Chronobiol Int 2018;35:1269-1280. 

53. Smolensky MH, Peppas NA. Chronobiology, drug delivery, and chrono-
therapeutics. Adv Drug Deliv Rev 2007;59:828-851.

54. van de Kerkhof PC. Plasma aldosterone and cortisol levels in psoriasis and 
atopic dermatitis. Br J Dermatol 1982;106:423-428.

55. Debon R, Chassard D, Duflo F, Boselli E, Bryssine B, Allaouchiche B. Chro-
nobiology of epidural ropivacaine: variations in the duration of action relat-
ed to the hour of administration. Anesthesiology 2002;96:542-545. 

56. Tamura G, Ichinose M, Fukuchi Y, Miyamoto T. Transdermal tulobuterol 
patch, a long-actingβ(2)-agonist. Allergol Int 2012;61:219-229. 

57. Turek FW, Penev P, Zhang Y, van Reeth O, Zee P. Effects of age on the circa-
dian system. Neurosci Biobehav Rev 1995;19:53-58. 

58. Hofman MA, Swaab DF. Living by the clock: the circadian pacemaker in old-
er people. Ageing Res Rev 2006;5:33-51. 

59. Blatteis CM. Age-dependent changes in temperature regulation - a mini re-
view. Gerontology 2012;58:289-295. 

60. Martinez-Nicolas A, Madrid JA, García FJ, Campos M, Moreno-Casbas MT, 
Almaida-Pagán PF, et al. Circadian monitoring as an aging predictor. Sci 
Rep 2018;8:15027

61. Boury-Jamot M, Daraspe J, Bonté F, Perrier E, Schnebert S, Dumas M, et al. 
Skin aquaporins: function in hydration, wound healing, and skin epidermis 
homeostasis. In: Beitz E, editor. Aquaporins. Handbook of Experimental 
Pharmacology, vol 190. Berlin, Heidelberg: Springer, 2009, p. 205-217. 

62. Saadoun S, Papadopoulos MC, Hara-Chikuma M, Verkman AS. Impair-
ment of angiogenesis and cell migration by targeted aquaporin-1 gene dis-
ruption. Nature 2005;434:786-792. 

63. Hara-Chikuma M, Verkman AS. Aquaporin-3 facilitates epidermal cell mi-
gration and proliferation during wound healing. J Mol Med (Berl) 2008;86: 
221-231. 

64. Verkman AS, Smith AJ, Phuan PW, Tradtrantip L, Anderson MO. The aqua-
porin-4 water channel as a potential drug target in neurological disorders. 
Expert Opin Ther Targets 2017;21:1161-1170.

65. Matsunaga N, Itcho K, Hamamura K, Ikeda E, Ikeyama H, Furuichi Y, et al. 
24-hour rhythm of aquaporin-3 function in the epidermis is regulated by 
molecular clocks. J Invest Dermatol 2014;134:1636-1644. 

66. Seale P, Bjork B, Yang W, Kajimura S, Chin S, Kuang S, et al. PRDM16 con-
trols a brown fat/skeletal muscle switch. Nature 2008;454:961-967. 

67. Symonds ME, Pope M, Budge H. The ontogeny of brown adipose tissue. 
Annu Rev Nutr 2015;35:295-320. 

68. Acosta FM, Martinez-Tellez B, Blondin DP, Haman F, Rensen PCN, Llamas-
Elvira JM, et al. Relationship between the daily rhythm of distal skin tem-
perature and brown adipose tissue 18F-FDG uptake in young sedentary 
adults. J Biol Rhythms 2019;34:533-550. 

69. Glotzbach SF, Heller HC. Central nervous regulation of body temperature 
during sleep. Science 1976;194:537-539. 


