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Abstract

Chrono-modulated drug delivery systems have become a
potentially useful approach for optimizing therapeutic outcomes by
synchronizing drug administration with circadian rhythms and
disease patterns. The circadian rhythm regulates various
physiological processes, including drug absorption, distribution,
metabolism, and elimination. Chrono-modulated drug delivery
systems involve the controlled release of drugs at particular
intervals to correspond with the body's natural

rhythm. Two-thirds of asthma patients have nocturnal asthma, which
is characterized by an increase in symptoms such as wheezing,
tightness in the chest, increased reactivity of the airways, and
deterioration of lung function during the night. Between midnight and
8:00 am, and particularly around 4:00 am, these symptoms manifest.
Several strategies have been explored for designing chrono-
modulated drug delivery systems, such as implantable devices,
transdermal patches, and oral formulations with specialized release
profiles. These systems incorporate various mechanisms, including
pH-sensitive coatings, osmotic pumps, and programmable
electronics, to achieve the desired temporal release pattern. The
benefits of chrono-modulated drug delivery systems are extensive.
By targeting drug administration during specific periods of disease
activity or maximum need, therapeutic concentration levels can be
optimized, leading to improved patient outcomes. Furthermore, by
minimizing drug exposure during inactive disease phases, side
effects and drug resistance can potentially be reduced. This review
also highlights the challenges associated with developing chrono-
modulated drug delivery systems, including formulation stability,
release rate control, and regulatory approvals.

Keywords: chronotherapy, drug delivery, pulsatile drug delivery
system.
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INTRODUCTION

Controlled and targeted drug administration has supplanted traditional dose forms in
recent years [1]. In order to target the precise spot, this system has focused on a
continuous, variable, and sustained drug delivery method. Nevertheless, some
medical disorders only manifest at particular times of the day or night, making it
impossible for the traditional dosage form to release in a way that is appropriate [2].
These conditions need the medication to be released as a "pulse" following a
predefined lag period; the drug must be produced so that the lag period is succeeded

by a complete and quick medication release .

The term "chrono modulated drug delivery system" refers to this type of technology. It
is also referred to as a pulsatile drug delivery system or a chrono regulated drug
delivery system [3]. Recent update of types of chronomodulated drug delivery system
is representing in Figure 01.Two-thirds of asthma patients have nocturnal asthma,
which is characterized by an increase in signs like wheezing, tightness in the chest,
increased reactivity of the respiratory system , and deterioration of respiratory system
performance during the night. Between midnight and 8:00 am, and particularly around
4:00 am, these symptoms manifest [4]. Given that the patient is asleep, taking
medication at midnight is inconvenient. For the best course of treatment, maintaining
a steady medication level is not always necessary [5]. A medication should only be
administered in the very minimum amount necessary. Based on the BCS
categorization [6], it is classified as class 3. The intention was to have a six-hour delay,
which that the medication as it would be released at 4:00 am after being taken at

nightfall.
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Figure:1. Formulation technique of chronomodulated drug delivery system

A chronic respiratory disease affecting millions of individuals worldwide is asthma.
Asthma can currently be managed with a variety of therapeutic methods, such as
injections, oral drugs, and inhalers [7]. On the other hand, patients' convenience and
efficacy may be enhanced by the creation of a novel medication release mechanism
tailored for asthma [8].

CHRONOTHERAPY

Chronotherapy is a treatment approach that focuses on the timing of medications or
other interventions in order to optimize their effectiveness and minimize side effect [9].
It takes into account the natural rhythms and cycles of the body, including what time
of day [10]. The circadian rhythm is an internal 24-hour clock that controls a number
of physiological functions, including hormone synthesis, body temperature,
metabolism and sleep-wake cycles [11]. By aligning the timing of treatments with the
body's natural rhythm, chronotherapy aims to enhance therapeutic outcomes [12].
Among the various rhythms that have an impact on the human body are Ultradian:
these are cycles that last less than a day, such as the 90-minute sleep cycle;
Circadian: Figure 2 and 3 displayed circadian sleep process and circadian activity.
This includes patterns of sleep and wakefulness as well as infradian: cycles lasting
more than 24 hours, such as monthly menstruation. [13]. Description of medical

conditions and its medication based on circadian biology is shown in Table 1.
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Figure:2 Diagram representative of circadian sleep

Figure:3 Diagram representative of circadian activity

Classification of Chronotherapeutic Drug Delivery:

Chronotherapeutic drug delivery is classified into three classes;

v Time controlled drug delivery Systems,
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v’ Stimuli induced drug delivery and
v Externally regulated drug delivery [14].

Mechanism of drug release form enteric-coated pulsincap dosage form is
representation with neat labled diagram (Figure 4). In (Figure 6) displayed
Chronological behaviour and mechanism of chronomodulated drug delivery system

delivered the drug molecules into systemic circulation.
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Figure: 4. Mechanism of drug release form enteric-coated pulsincap dosage form

ADVANTAGES OF CHRONOTHERAPY

» Drugs are not used in chronotherapy.

» A person receiving chromothy is more likely to benefit from numerous hours of
sleep. Patients who receive chromothy frequently report feeling better and
having more confidence.

» Because chronotherapy has a beginning, middle, and end, it differs from other
forms of treatment. Thus, the point at which it will work may be predicted with
ease.

» It provides you with a new routine, such as rising and sleeping earlier, which

will be very strange for a few days but will give you time to mentally acclimate.
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> Better stability and no chance of dose dumping
Because chronotherapy has a beginning, middle, and end stage, prediction is
simple [15].
DISADVANTAGES OF CHRONOTHERAPY

» When a patient sleeps during treatment or for longer than 24 hours after it
ends, it is known as non-24-hour sleep wake syndrome.
» During chronotherapy, people become less productive, and staying up late until

the other schedule is comfortable can be difficult.
» Having medical supervision is essential when using this therapy.
» Many process variables. The requirement for a professional and trained workforce
in manufacturing [16].
CHRONOTHERAPY IN VARIOUS DISEASES
Chronotherapy of various diseases is shown in Table 01 and discussed in detail below.
Asthma:
Because of the inflammation of the airways associated with this illness, the lower
respiratory tract becomes hyperresponsive to many environmental stimuli [17]. At
night, the patient's airway resistance progressively worsens. Asthma is the most
common ailment with a considerable time-related circadian fluctuation. Asthma
episodes are most common in the early morning [18] and its biological mechanism is
representing Figure 5. During the evening, asthma attacks are 50-100 times more
prevalent. Asthma flare-ups during the night are a sign of a change in the biological
functioning state brought on by alterations in hyperreactivity of the airways to
acetylcholine, histamine, and house dust; and plasma cortisol, epinephrine, histamine,
and cyclic AMP bronchial patency circadian rhythms. It has been demonstrated that
once every day doses of the transdermal tulobuterol patch, sustained release

theophylline, and glucocorticoid steroid cyclonite.
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Figure 5. Biological mechanism of nocturnal asthma

Cardiovascular disease:

Mornings bring with them higher levels of capillary resistance and vascular reactivity.
and lower in the afternoon under this state [20].Because of an increase in platelet
aggregation and a decrease in fibrinolytic activity, the blood becomes relatively
hypercoagulable in the morning [21]. Furthermore, blood pressure increases
dramatically in the early morning hours after falling throughout the sleep cycle. Along
with showing the unequal distribution of these events over a 24-hour period, these
observations also show that the early afternoon and Higher predicted events of
myocardial ischemia, angina pectoris, acute myocardial infarction, congestive cardiac
failure, and sudden cardiac death occur in the early evening during the first few hours
of the daily activity span [22]. Early in the morning is when sympathetic activity and

the Renin-Angiotensin-Aldosterone axis peak.

Cancer:
Chemotherapy may be safer and more successful, according to research on both
humans and animals, if cancer drugs are administered at precise timings that

maximize tumor cell cycles while limiting toxicity to healthy tissue [24]. The cyclical
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diurnal shifts both when the tumors are small and growing at their fastest rate and when they
are larger and growing more slowly, in tumor blood flow and cancer growth are significant
[25]. The frequency and quality of tumor response, maximum tolerated dose, average dose
intensity, drug toxicity patterns and severity, and cancer patient survival rates are all

significantly impacted by the timing of chemotherapy, which is based on circadian rhythms.

[26]. The pharmacologic and pharmacokinetic properties of the treatment, as well as
regular fluctuations in mitotic activity, RNA translational activity, and DNA and RNA
synthesis, may all have an impact on tumor cell susceptibility. It was found that the
cancer chronogenetic therapy successfully inhibits tumor growth in living organisms
[27]. For example, it has been demonstrated that the sensitivity to the anticancer medication
cyclophosphamide is regulated by the Clock gene. [28].

Peptic ulcer:

The digestive system's many processes are regulated by rhythms of the circadian; for
example, the production of gastric acid is greatest at night [29]. Small bowel
movement, stomach emptying, and gastric acid production all slow down at night. A
key element in the healing of duodenal ulcers is the suppression of nocturnal acid
production.Therefore, the suggested dosage for H2 antagonists for an active duodenal
ulcer is once daily at bedtime [30]. Chronotherapy, which blocks H2 receptors at night,
can solve issues with a prolonged or significant drop in intragastric acidity for 24 hours,
thereby reducing the risk of infection and infestation of the intestines, bacterial

overgrowth, and the potential formation of N-nitrosamine [31].

Arthritis:

Osteoarthritis and rheumatoid arthritis can be distinguished from one another by
observing when a patient's joints hurt the most during the day [32]. Rheumatoid
arthritis is characterized by morning stiffness, while osteoarthritis usually worsens in
the afternoon and evening. To ease the stiffness and morning discomfort associated
with rheumatoid arthritis, non-steroidal anti-inflammatory medicines (NSAIDs) are
better for the treatment when taken late at night [33]. When taken in the morning, the new
cyclooxygenase-2 inhibitors effectively lessen the symptoms of osteoarthritis. When a small
portion of the dosage is taken in the evening, better outcomes are observed in cases of
rheumatoid arthritis. All types of arthritis are treated with chronotherapy, which entails

the use of corticosteroids and non-steroidal anti-inflammatory medications [34].
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Hypercholesterolemia:

Increased rates of cholesterol intake in relation to hepatic cholesterol and
hypercholesterolemia generation occur in the evenings, even when fasting [35]. Free
cholesterol levels have been found to peak in the morning and evening when HMG-
CoA reductase antagonists are taken, and to be lowest between 2 and 6 pm [36].
Diabetes:

For those with diabetes type I, the circadian cycles of insulin and its effects are
physiologically and therapeutically relevant [37]. Insulin is thus delivered pulsatilely,
albeit irregularities may occur from time to time. Insulin has a cyclic rhythmicity of 8-
30 minutes during which it can demonstrate optimal effect. The insulin release and
action modulators' circadian pattern of secretion affects the insulin release mode. As
a result, there is a There is a short-term rhythmicity difference between the maximum
and minimum plasma insulin concentration, as well as a complex secondary circadian
rhythm that varies between insulin resistance in the early morning and late afternoon.
[38].

Sleep Disorders:

Numerous biological signals, including those related to sleep problems, are produced
by the central and autonomous neural systems. These signals have a complicated
temporal structure with pulsing and rhythmic fluctuations in multiple frequencies [39].
Circadian, rhythmic modifications to the biochemical, psychological, and physiological
systems are the main causes of sleep. Disturbances in the circadian rhythm or
abnormal physiological or psychological processes that transpire during sleep can give
rise to a multitude of illnesses.Furthermore, individual differences in circadian rhythm
disruptions exist, and determining each variation would be necessary for treating a

particular sleep condition [40].

Alzheimer's Disease:

Individuals suffering from Alzheimer's disease also show changes in their circadian
rhythm [41]. Individuals suffering from Alzheimer's disease show less macrophage
activity during peak times, a higher percentage of nocturnal activity, and decreased
inter-day stability in motor activity [42]. Patients with this illness have elevated core
body temperatures, irregular circadian rhythms, and deteriorating cognitive and
functional capacities [43].

Parkinson's Disease:
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Numerous alterations to the circadian rhythm of blood pressure are brought on by the
disease; postprandial hypotension and increased diurnal blood pressure variability are
caused by autonomic dysfunction [44]. Nevertheless, because it is challenging to
estimate the daily changes of the disease's phase-specific motor activity pattern and
the consequent effect of drugs, the The clinical data for this disease have not

evaluated the presence of a circadian rhythm. [45].

Chrono modulated drug delivery systems:

Chrono modulated drug delivery system used in various treatment for diseases like
stomach ulcer [55], asthma [56], cardio vascular system [57], arthritis [58],diabetes

mellitus[59] , hyper cholesterol[60].
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Figure :6 Chronological behaviour of chrono modulated drug delivery system
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Table 1. Description of medical conditions and its medication based on circadian
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S.No | Health Status Body's Circadian Drugs Taken Ref
Rhythms
1| Arthritis rheumatoid Stiffness and joint . Glucocorticoids and 46
discomfort in the morning | nsaids
Inflammatory Attacks that occur more - -
2 : . : Antihistaminic and 47
rhinorrhoea and frequently at night or in .
. . b2 agonists
bronchial asthma the early morning
During the sleep cycle,
blood pressure is at its | Blockers of calcium
3 | Heart-related | t d harolv | ch Is and 48
conditions lowes an sharply | channels an
increases when you get up | nitroglycerin
in the morning.
4 | Diabetes type | Elevation of blood sugar | Biguanide, insulin, 49
following a meal and sulfonylurea
The svndrome of An increase in afternoon
5 y .y levels of 3,4- phenoperidine S0
attention deficiency . .
dihydroxyphenylalanine
Rhythm-dependent 5. Leucovorin and
6 | Cancer variations in the toxicity of | ¢ , 5l
q uorouracil
rugs
- Changes in Vasomotor Medications that -
Headaches o
Tone prevent migraines
8 | convulsions Early morning or Antle_:pllgptlc 53
nocturnal seizures medication
9 | Gastrointestinal issues Increased production of Antagonist of the 54

stomach acid at midnight

h2 receptor
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Conclusion

The body of research on In physiology, pharmacology, molecular biology, and the
health sciences, circadian rhythms have grown significantly in the last several years.
When it comes to drug delivery, traditional controlled-release formulations rely on one
or more reservoirs or systems to maintain the drug concentration in vivo at the
recommended dosage for an extended amount of time. While this is necessary, it is

insufficient to treat disorders affecting the circadian rhythm.

Current conventional dose forms are ineffective in treating diseases with
chronobiological pathogenesis. This issue is resolved by chemotherapeutic drug
delivery systems (CDDS), which release drugs in accordance with the circadian
rhythm and were developed using sigmoidal drug release. A chrono modulated system
can be designed using a variety of strategies, such as a system that is triggered by
stimuli, a system that is dependent on external stimuli, and a release system that is
time-specific. This technique is beneficial for many diseases that follow circadian
fluctuations, such as diabetes, hypertension, asthma, and cardiovascular disease.
REFERENCE

1. Paudel, K.R.; Dharwal, V.; Patel, V.K.; Galvao, |.;Wadhwa, R.; Malyla, V.; Shen,
S.S.; Budden, K.F.; Hansbro, N.G.; Vaughan, A.;et al. Role of Lung Microbiome in
Innate Immune Response Associated with Chronic Lung Diseases. Front. Med.
2020, 7, 554.

2. Chan,Y.; Raju Allam, V.S.R.; Paudel, K.R.; Singh, S.K.; Gulati, M.; Dhanasekaran,
M.; Gupta, P.K.; Jha, N.K.; Devkota, H.P.; Gupta, G.; et al. Nutraceuticals:
Unlocking newer paradigms in the mitigation of inflammatory lung diseases. Crit.
Rev. Food Sci. Nutr.2021, 10, 1-31.

3. Shastri, M.D.; Allam, V.; Shukla, S.D.; Jha, N.K.; Paudel, K.R.; Peterson, G.M.;
Patel, R.P.; Hansbro, P.M.; Chellappan, D.K.; Dua,K. Interleukin-13: A pivotal
target against influenza-induced exacerbation of chronic lung diseases. Life Sci.
2021, 283, 119871.

4. Kim, T.M.; Paudel, K.R.; Kim, D.W. Eriobotrya japonica leaf extract attenuates
airway inflammation in ovalbumin-induced mice model of asthma.
J.Ethnopharmacol. 2020, 253, 112082.

5. Mehta, M.; Malyla, V.; Paudel, K.R.; Chellappan, D.K.; Hansbro, P.M.; Oliver, B.G.;
Dua, K. Berberine loaded liquid crystalline nanostructure inhibits cancer
progression in adenocarcinomic human alveolar basal epithelial cells in vitro. J.
Food Biochem. 2021,45, e13954.



Vimal raj. E/Afr.J.Bio.Sc. 6(15) (2024) Page 287 to 10

6. Baptista, E.A.; Dey, S.; Pal, S. Chronic respiratory disease mortality and its
associated factors in selected Asian countries: Evidence from panel error
correction model. BMC Public Health 2021, 21, 53.

7. Mehta, M.; Paudel, K.R.; Shukla, S.D.; Allam, V.S.R.R.; Kannauijiya, V.K.; Panth,
N.; Das, A.; Parihar, V.K.; Chakraborty, A.; Ali,M.K.; et al. Recent trends of NF_B
decoy oligodeoxynucleotide-based nanotherapeutics in lung diseases. J. Control
Release 2021,337, 629-644.

8. Prasher, P.; Sharma, M.; Mehta, M.; Paudel, K.R.; Satija, S.; Chellappan, D.K;
Dureja, H.; Gupta, G.; Tambuwala, M.M.; Negi,P.; et al. Plants derived therapeutic
strategies targeting chronic respiratory diseases: Chemical and immunological
perspective.Chem. Biol. Interact. 2020, 325, 109125.

9. Rosbash, M. Circadian Rhythms and the Transcriptional Feedback Loop (Nobel
Lecture). Angew. Chem. Int. Ed. 2021, 60,8650—-8666.

10.Yang, Y.; Lindsey-Boltz, L.A.; Vaughn, C.M.; Selby, C.P.; Cao, X.; Liu, Z.; Hsu,
D.S.; Sancar, A. Circadian clock, carcinogenesis,chronochemotherapy
connections. J. Biol. Chem. 2021, 297, 101068.

11.Mavroudis, P.D.; Jusko, W.J. Mathematical modeling of mammalian circadian
clocks affecting drug and disease responses.J. Pharmacokinet. Pharmacodyn.
2021, 48, 375-386.

12.Pickel, L.; Sung, H.-K. Feeding Rhythms and the Circadian Regulation of
Metabolism. Front. Nutr. 2020, 7, 39.

13.Lewis, P.; Korf, HW.; Kuffer, L.; Grol3, J.V.; Erren, T.C. Exercise time
cues(zeitgebers) for human circadian systems can foster health and improve
performance: A systematic review. BMJ Open Sport Exerc. Med. 2018, 4,
e000443.

14.Foster, R.G.; Hughes, S.; Peirson, S.N. Circadian Photoentrainment in Mice and
Humans. Biology 2020, 9, 180.

15.Spitschan, M.; Lazar, R.; Yetik, E.; Cajochen, C. No evidence for an S cone
contribution to acute neuroendocrine and alerting responses to light. Curr. Biol.
2019, 29, R1297-R1298.

16.Wirianto, M.; Yang, J.; Kim, E.; Gao, S.; Paudel, K.R.; Choi, J.M.; Choe, J.; Gloston,
G.F.; Ademoji, P.; Parakramaweera, R.; et al. The GSK-3beta-FBXL21 Axis
Contributes to Circadian TCAP Degradation and Skeletal Muscle Function. Cell
Rep. 2020, 32, 108140.

17.Waggoner, S.N. Circadian Rhythms in Immunity. Curr. Allergy Asthma Rep. 2020,
20, 2.

18.Rijo-Ferreira, F.; Takahashi, J.S. Genomics of circadian rhythms in health and
disease. Genome Med. 2019, 11, 82.



Vimal raj. E/Afr.J.Bio.Sc. 6(15) (2024) Page 288 to 10

19.Nosal, C.; Ehlers, A.; Haspel, J.A. Why Lungs Keep Time: Circadian Rhythms and
Lung Immunity. Annu. Rev. Physiol. 2020, 82,391-412.

20.Finger, A.-M.; Dibner, C.; Kramer, A. Coupled network of the circadian clocks: A
driving force of rhythmic physiology. FEBS Lett.2020, 594, 2734—-2769.

21.Palomino-Segura, M.; Hidalgo, A. Circadian immune circuits. J. Exp. Med. 2021,
218, e20200798.

22. Timmons, G.A.; O’Siorain, J.R.; Kennedy, O.D.; Curtis, A.M.; Early, J.O. Innate
Rhythms: Clocks at the Center of Monocyte and Macrophage Function. Front.
Immunol. 2020, 11, 1743.

23.Mehta, M.; Satija, S.; Paudel, K.R.; Malyla, V.; Kannaujiya, V.K.; Chellappan, D.K;
Bebawy, M.; Hansbro, P.M.; Wich, P.R.;Dua, K. Targeting respiratory diseases
using miRNA inhibitor based nanotherapeutics: Current status and future
perspectives.Nanomedicine 2021, 31, 102303.

24.Dahat, A.B. An overview of asthma and its miasmatic classification. Int. J.
Homoeopath. Sci. 2021, 5, 300-303.

25.Jilani, T.N.; Preuss, C.V.; Sharma, S. Theophylline; StatPearls: Treasure Island,
FL, USA, 2020.

26.Mehta, M.; Dhanjal, D.S.; Paudel, K.R.; Singh, B.; Gupta, G.; Rajeshkumar, S.;
Thangavelu, L.; Tambuwala, M.M.; Bakshi, H.A.;Chellappan, D.K.; et al. Cellular
signalling pathways mediating the pathogenesis of chronic inflammatory
respiratory diseases:An update. Inflammopharmacology 2020, 28, 795-817.

27.Braghiroli, A.; Braido, F.; Piraino, A.; Rogliani, P.; Santus, P.; Scichilone, N. Day
and night control of copd and role of pharmacotherapy:A review. Int. J. Chronic
Obstr. Pulm. Dis. 2020, 15, 12609.

28.Tamimi, F.; Abusamak, M.; Akkanti, B.; Chen, Z.; Yoo, S.H.; Karmouty-Quintana,
H. The case for chronotherapy in Covid-19-induced acute respiratory distress
syndrome. Br. J. Pharm. 2020, 177, 4845-4850.

29.Cunningham, P.S.; Meijer, P.; Nazgiewicz, A.; Anderson, S.G.; Borthwick, L.A,;
Bagnall, J.; Kitchen, G.B.; Lodyga, M.; Begley, N.;Venkateswaran, R.V.; et al. The
circadian clock protein REVERBalpha inhibits pulmonary fibrosis development.
Proc. Natl. Acad.Sci. USA 2020, 117, 1139-1147.

30.Paudel, K.R.; Panth, N.; Pangeni, R.; Awasthi, R.; Chawla, V.; Mehta, M
Tambuwala, M.M.; Hansbro, P.M. Targeting lung cancer using advanced drug
delivery systems. In Targeting Chronic Inflammatory Lung Diseases Using
Advanced Drug Delivery Systems; Elsevier: Amsterdam, The Netherlands, 2020;
pp. 493-516.



Vimal raj. E/Afr.J.Bio.Sc. 6(15) (2024) Page 289 to 10

31.Kenig, A.; llan, Y. A Personalized Signature and Chronotherapy-Based Platform
for Improving the Efficacy of Sepsis Treatment.Front. Physiol. 2019, 10, 1542.

32.Hesse, J.; Malhan, D.; Yalin, M.; Aboumanify, O.; Basti, A.; Relogio, A. An Optimal
Time for Treatment-Predicting Circadian Time by Machine Learning and
Mathematical Modelling. Cancers 2020, 12, 3103.

33.Chen, J.; Liu, A.; Lin, Z.;Wang, B.; Chai, X.; Chen, S.; Lu,W.; Zheng, M.; Cao, T,;
Zhong, M.; et al. Downregulation of the circadian rhythm regulator HLF promotes
multiple-organ distant metastases in non-small cell lung cancer through PPAR/NF-
kappab signaling. Cancer Lett. 2020, 482, 56—71.

34.Bellet, M.M.; Stincardini, C.; Costantini, C.; Gargaro, M.; Pieroni, S.; Castelli, M.;
Piobbico, D.; Sassone-Corsi, P.; Della-Fazia, M.A.;Romani, L.; et al. The Circadian
Protein PER1 Modulates the Cellular Response to Anticancer Treatments. Int. J.
Mol. Sci. 2021, 22,2974.

35.Jiang, P.; Xu, C.; Zhang, P.; Ren, J.; Mageed, F.; Wu, X.; Chen, L.; Zeb, F.; Feng,
Q.; Li, S. Epigallocatechin3gallate inhibits selfrenewal ability of lung cancer
stemlike cells through inhibition of CLOCK. Int. J. Mol. Med. 2020, 46, 2216-2224.

36.Teixeira, A.A.S.; Biondo, L.A.; Silveira, L.S.; Lima, E.A.; Batatinha, H.A.; Diniz,
T.A.; Oliveira De Souza, C.; Comin, J.; Neto, J.C.R.Doxorubicin modulated clock
genes and cytokines in macrophages extracted from tumor-bearing mice. Cancer
Biol. Ther. 2020,21, 344-353.

37.Shrestha, J.; Razavi Bazaz, S.; Aboulkheyr Es, H.; Yaghobian Azari, D.; Thierry,
B.; Ebrahimi Warkiani, M.; Ghadiri, M. Lungon-a-chip: The future of respiratory
disease models and pharmacological studies. Crit. Rev. Biotechnol. 2020, 40, 213—
230.

38.Jodat, Y.A.; Kang, M.G.; Kiaee, K.; Kim, G.J.; Martinez, A.F.; Rosenkranz, A.; Bae,
H.; Shin, S.R. Human-derived organ-on-a-chip for personalized drug development.
Curr. Pharm. Des. 2018, 24, 5471-5486.

39.Ray, S.; Reddy, A.B. COVID-19 management in light of the circadian clock. Nat.
Rev. Mol. Cell. Biol. 2020, 21, 494-495.

40.Al-Waeli, H.; Nicolau, B.; Stone, L.; Abu Nada, L.; Gao, Q.; Abdallah, M.N.;
Abdulkader, E.; Suzuki, M.; Mansour, A.;Al Subaie, A.; et al. Chronotherapy of
Non-Steroidal Anti-Inflammatory Drugs May Enhance Postoperative Recovery.
Sci.Rep. 2020, 10, 468.

41.Smith, D.F.; Ruben, M.D.; Francey, L.J.; Walch, O.J.; Hogenesch, J.B. When
Should You Take Your Medicines? J. Biol. Rhythm. 2019,34, 582-583.

42.Gordon, D.E.; Jang, G.M.; Bouhaddou, M.; Xu, J.; Obernier, K.; White, K.M;
O’'Meara, M.J.; Rezelj, V.V.; Guo, J.Z.; Swaney,D.L.; et al. A SARS-CoV-2 protein
interaction map reveals targets for drug repurposing. Nature 2020, 583, 459-468.



Vimal raj. E/Afr.J.Bio.Sc. 6(15) (2024) Page 290 to 10

43.De Giorgi, A.; Fabbian, F.; Di Simone, E.; Greco, S.; De Giorgio, R.; Zuliani, G;
Passaro, A.; Caselli, E.; Manfredini, R.; Collaborators,O.-1.-C.S. Morning vs.
evening administration of antiviral therapy in COVID-19 patients. A preliminary
retrospective study in Ferrara, Italy. Eur. Rev. Med. Pharm. Sci. 2020, 24, 8219—
8225.

44.7Zhang, H.; Liu, Y.; Liu, D.; Zeng, Q.; Li, L.; Zhou, Q.; Li, M.; Mei, J.; Yang, N.; Mo,
S.; etal. Time of day influences immune response to an inactivated vaccine against
SARS-CoV-2. Cell Res. 2021, 31, 1215-1217.

45.Chenna R, Reddy YP. Formulation and in vivo evaluation of chronomodulated drug
delivery of nimodipine. Int J Pharmaceut Sci Drug Res. 2019;11(6). https://doi.org/
10.25004/ijpsdr.2019.110607.

46.Chinthaginjala H, Ahad HA, Pradeepkumar B. Chronomodulated mucoadhesive
gastroretentive drug delivery system of famotidine. Advances in Pharmacology and
Pharmacy. 2022;10(3):209-217 .https://doi.org/10.13189/app.2022.100307.

47.Aldawsari HM, Naveen NR, Alhakamy NA, et al. Compression-coated pulsatile
chronomodulated therapeutic system: QbD assisted optimization. Drug Deliv.
2022; 29(1):2258-2268. https://doi.org/10.1080/10717544.2022.2094500.

48.Ns Krishna, Jayanthi B, Madhukar A. Formulation development and evaluation of
chronomodulated drug delivery system by zafirlukast. Int J Appl Pharm. July 7,
2021: 211-220. https://doi.org/10.22159/ijap.2021v13i4.41734.

49.Salawi A. Self-emulsifying drug delivery systems: a novel approach to deliver
drugs. Drug Deliv. 2022;29(1):1811-1823. https://doi.org/10.1080/
10717544.2022.2083724.

50.Jain PG, Patil PP, Patil SD, Patil SD, Surana SJ. Evaluation of the antiasthmatic
activity of methanolic extract of trigonella foenum graecum on experimental models
of bronchial asthma.J Drug Deliv Therapeut. 2020;10(1):101-106. https://doi.org/
10.22270/jddt.v10i1.3924.

51.Mohammed WA, Ajin PK, Dhanapal Y. Chronomodulated drug delivery system of
salmeterol fluticasone nics loaded tablets: preparation, characterization, stability
and drug release studies for management of asthma. Asian Journal of Research in
Pharmaceutical Sciences. 2021;11(2):95-102.
https://doi.org/10.52711/22315659.2021-11-2-1.

52. Thirupathi G, Kumara Swamy S, Ramesh A. Solid lipid nanocarriers as alternative
drug delivery system for improved oral delivery of drugs. J Drug Deliv Therapeut.
2020;10(6-s):168-172. https://doi.org/10.22270/jddt.v10i6-s.4410.

53.Kharwade R, Nair H, Masurkar D, Pise A, More S, Pise S. Formulation and
evaluation of chronomodulated pulsatile drug delivery system for nocturnal
hyperacidity. Res J Pharm Technol. April 23, 2022:1449-1454.
https://doi.org/10.52711/0974360x.2022.00240.


https://doi.org/10.25004/ijpsdr.2019.110607
https://doi.org/10.25004/ijpsdr.2019.110607
https://doi.org/10.25004/ijpsdr.2019.110607
https://doi.org/10.13189/app.2022.100307
https://doi.org/10.1080/10717544.2022.2094500
https://doi.org/10.22159/ijap.2021v13i4.41734
https://doi.org/10.1080/10717544.2022.2083724
https://doi.org/10.1080/10717544.2022.2083724
https://doi.org/10.1080/10717544.2022.2083724
https://doi.org/10.22270/jddt.v10i1.3924
https://doi.org/10.22270/jddt.v10i1.3924
https://doi.org/10.22270/jddt.v10i1.3924
https://doi.org/10.22270/jddt.v10i1.3924
https://doi.org/10.52711/2231
https://doi.org/10.52711/2231-5659.2021-11-2-1
https://doi.org/10.52711/2231-5659.2021-11-2-1
https://doi.org/10.22270/jddt.v10i6-s.4410
https://doi.org/10.22270/jddt.v10i6-s.4410
https://doi.org/10.52711/0974-360x.2022.00240
https://doi.org/10.52711/0974-360x.2022.00240
https://doi.org/10.52711/0974-360x.2022.00240

Vimal raj. E/Afr.J.Bio.Sc. 6(15) (2024) Page 291 to 10

54.He W, Kapate N, Shields CW, Mitragotri S. Drug delivery to macrophages: a review
of targeting drugs and drug carriers to macrophages for inflammatory diseases.
Adv Drug Deliv Rev. 2020;1657166:15740.
https://doi.org/10.1016/j.addr.2019.12.001.

55.Bichewar S, Pillai S, Mandloi RS, Birla N, Jain S. Formulation and evaluation of
chronomodulated drug delivery system of doxofylline for treatment of nocturnal
asthma. Res J Pharm Technol. 2020;13(12):617076175. https://doi.org/10.5958/
0974-360x.2020.01076.8.

56.Manikkath J, Subramony JA. Toward closed-loop drug delivery: integrating
wearable technologies with transdermal drug delivery systems. Adv Drug Deliv
Rev. 2021;179: 113997. https://doi.org/10.1016/j.addr.2021.113997.

57.Huang S, Huang G. Preparation and drug delivery of dextran-drug complex. Drug
Deliv. 2019;26(1):252-261. https://doi.org/10.1080/10717544.2019.1580322.

58.Wang S, Liu R, Fu Y, Kao WJ. Release mechanisms and applications of drug
delivery systems for extended-release. Expet Opin Drug Deliv. 2020;17(9):1289-
1304. https:// doi.org/10.1080/17425247.2020.1788541.

59.Sowmya C, Lavakumar V, Venkateshan N, et al. Microcapsule-based
chronomodulated drug delivery systems of montelukast sodium in the treatment of
nocturnal asthma. International Journal of Pharmaceutical Investigation.
2018;8(1):24. https://doi.org/10.4103/jphi.jphi_101_17.

60.Moinuddin S, Shi Q, Tao J, Guo M, Zhang J, Xue Q et al (2020) Enhanced physical
stability and synchronized release of febuxostat and indomethacin in coamorphous
solids. AAPS PharmSciTech 21:41. https:// doi. org/ 10.1208/ s12249- 019- 1578-
6


https://doi.org/10.1016/j.addr.2019.12.001
https://doi.org/10.5958/0974-360x.2020.01076.8
https://doi.org/10.5958/0974-360x.2020.01076.8
https://doi.org/10.5958/0974-360x.2020.01076.8
https://doi.org/10.5958/0974-360x.2020.01076.8
https://doi.org/10.1016/j.addr.2021.113997
https://doi.org/10.1080/10717544.2019.1580322
https://doi.org/10.1080/17425247.2020.1788541
https://doi.org/10.1080/17425247.2020.1788541
https://doi.org/10.1080/17425247.2020.1788541
https://doi.org/10.4103/jphi.jphi_101_17

