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Natural products have been used in medicine for thousands of years, in the recent times they gained a significant
popularity globally due to their potential health benefits.

Phytochemicals regulate differential gene expression to modulate various cellular pathways implicated in cellular
protection.

Curcumin is a natural dietary polyphenol extracted from Curcuma Longa L. with different biological and pharmacological
effects.

One of the important targets of curcumin is TLR-4, the receptor which plays a key role in the modulation of the immune
responses and stimulate the production of inflammatory chemokines and cytokines.

Different studies have demonstrated that curcumin attenuates inflammatory response via TLR-4 acting directly on
receptor, or by its downstream pathway.

Curcumin bioavailability is low, so the use of exosomes, as nano drug delivery, could improve the efficacy of curcumin in
inflammatory diseases.

The focus of this review is to explore the therapeutic effect of curcumin interacting with TLR-4 receptor and how this
modulation could improve the prognosis of heuroinflammatory and rheumatic diseases.
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| 1. Curcumin

The use of nutraceuticals, dietary supplements, and functional foods has been steadily gaining popularity due to the
increased interest in natural products and their potential health benefits €4,

CUR (diferuloylmethane) is the principal Curcuminoid in turmeric, the Indian spice derived from the plant Curcuma longa
Linn (family Zingiberaceae), and it is commonly used in the Asian continent, especially in India.

The IUPAC (International Union of Pure and Applied Chemistry) name of CUR is (1E,6E)-1,7-bis (4-hydroxy-3-
methoxyphenyl)-1,6-heptadiene-3,5-dione, with a chemical formula of C,1H,00g and a molecular weight of 368.38 g/mol.
The chemistry of CUR is at the basis of its several biological activities. Indeed, its pharmacological effects are exerted by
several functional moieties including phenolic hydroxyl groups, the central bis-a, B-unsaturated Pdiketone, double-
conjugated bonds, and methoxy groups [&l.

CUR is hydrophobic as well as lipophilic, it has poor solubility in water or hydrophilic solutions, while it is highly soluble in
organic solvents including methanol, ethanol, acetone and dimethyl sulfoxide . It absorbs light, with a maximum
wavelength of approximately 420 nm, which is what gives turmeric its yellow color 29,

The curcuminoid complex, found in the rhizome of turmeric (2.5-6%), contains CUR, demethoxycurcumin, and bis-
demethoxycurcumin 11,

Polyphenols such as resveratrol and CUR, as well as flavonoids, were considered as the plant's defensive response
against stress from ultraviolet radiation, pathogens, and physical damage. Resveratrol and CUR are anti-inflammatory,
cyto- and DNA-protective, anti-diabetic, anti-cancer, and anti-aging dietary compounds 12I13I14I15]16] These properties
have been supported by several in vitro and in vivo studies and clinical trials 118119

The hydrophobic nature of CUR is responsible for its low water solubility and the rapid intestinal/hepatic metabolism limits
its oral bioavailability, impeding clinical development of curcumin as a potential therapeutic agent 29,



The US Food and Drug Administration (FDA) have approved Curcuminoids as “Generally Recognized As Safe” (GRAS)
(131 good tolerability and safety profiles have been shown by clinical trials, even at doses between 4000 and 8000 mg/day
[21] and at doses up to 12,000 mg/day of 95% concentration of three curcuminoids: curcumin, bisdemethoxycurcumin, and
demethoxycurcumin 22,

Clinicals studies further supported that a high single oral dose (up to 12 g/day) of curcuminoids were very well tolerated
[14][23]

Several approaches have been used to increase the bioavailability of curcumin including liposomes, polymeric
nanoparticles, micelles, extracellular vesicles and other formulations in order to identify drug vehicles; although, they are
associated with inherent limitations, such as a short circulation time, as well as stability issues when used as unmodified
liposomes in vivo [24123],

Use of exosomes, as nano drug delivery vehicles, is an emerging area of research and has great potential for the
development of novel therapeutic applications (28],

Exosomes are the smaller EVs, which contain different bioactive compounds with their cargo, which could lead to cell
behavior changes in the recipient cell. Exosomes as drug carriers have the potential to overcome the limitations
associated with other nanoparticle-based technologies (28127,

There are several advantages of using exosomes as drug carrier systems, such as: low immunogenicity, biodegradability,
non-toxicity, a strong cargo-loading and cargo protective capacity, marked ability to overcome natural barriers and
penetrate into deep tissues 28, intrinsic cell targeting potential in native structure and deformable conformations 22, and
marked ability to cross the blood—brain barrier (BBB) B3],

Exosomes contain also microRNA (miRNA), the small noncoding RNAs which act as epigenetic negative/positive
regulators in various physiological processes [B2I33],

A large number of studies have demonstrated that dietary compounds and bioactive foods could change the expression of
various miRNAs involved in various well-known cancer processes such as angiogenesis, cell cycle regulation, apoptosis,
differentiation, inflammation, metastasis, and pathways involved in stress response [14](34][35]

miRNAs are one of the important targets for CUR 28], Several studies indicated that CUR could exert potential anti-cancer
properties via targeting miRNAs, such as miRNA-34a, miRNA-21, miRNA-181, miRNA-7, miRNA-9, and miRNA-200c.
Moreover, it has been shown that CUR could affect cell sensitivity to chemotherapy via targeting a variety of miRNAs such
as miRNA-186, miRNA-21, and miRNA-27a [27(28],

| 2. Curcumin (CUR) and Exosomes

The efficacy of CUR is evidenced by different studies, most of them have involved animal experiments; however, there are
several reports about the benefits of curcumin use in humans.

Into the body, the absorption of CUR is poor, and even when absorbed it is rapidly metabolized and excreted B249]
moreover very high doses (>3.6 g/day in humans) are required to produce possible medicinal effect 411,

An appropriate drug delivery system is necessary for its clinical application, one of these is represented by extracellular
vesicles (EVs), that carry a cargo of proteins, lipids, RNA, miRNA, and DNA. Due to their properties of shuttling in-and-out
of the cells these particles have been exploited as a possible curcumin carrier (421,

EVs, heterogeneous membranous structures circulating in the extracellular body fluid, have a crucial role in cell-cell
signaling representing one of the new emerging modes of cell communication. EVs are involved in many biological
responses including inflammation and play a key role in a number of diseases, such as inflammatory bases

neurodegenerative diseases and rheumatic diseases [43][244]145][46][47][48][49][50]

EVs are secreted from prokaryotic and a wide variety of eukaryotic cells types, and have been isolated in various body
fluids from the main fluids in the organism [B11(52],

Classification of the three main types of EVs is based upon performance and size: apoptotic bodies (up to 4000 nm in
diameter) and microvesicles (100-1000 nm) are formed by outward budding of the plasma membrane, whereas
exosomes are smaller in size (100 nm), are formed and stored within the cell before their release 53, and represent a new



focus of research interest.

Among the EVs, exosomes gained a great attention for the delivery of natural compounds. Exosomes contain different
bioactive compounds including protein, mRNA, miRNA B4 that, with their cargo, could lead to behavior changes in the cell
recipient.

Exosomes could deliver their material to the designated cell recipient via receptor—ligand interaction, direct fusion of
membranes, or internalization via endocytosis 251, After internalization, exosomes may fuse with the limiting membrane of
endosomes, resulting in the horizontal genetic transfer of their content to the cytoplasm of target cells. The bioactive
molecules contained in exosomes have been shown to impact target cells via the following mechanisms: (1) direct
stimulation of target cells via surface-bound ligands; (2) transfer of activated receptors to recipient cells; and (3) epigenetic
reprograming of recipient cells via delivery of functional proteins, lipids, and RNAs 28],

Extensive data have shown the use of exosomes as vehicles for therapeutic drug delivery, having desirable features such
as a long circulating half-life, intrinsic ability to target tissues, biocompatibility, minimal or no inherent toxicity issue, and
are also employed to carry small molecular drugs across the BBB 3957,

To load exosomes with active compounds, various methods were used, including simple incubation of exosomes and
active compounds, sonication of a mixture of exosomes and active compounds, and electroporation of exosomes 21,

There are two major formulations of CUR and exosomes: (a) CUR encapsulated or loaded exosomes (exocur) prepared
by loading CUR in the exosome, and (b) CUR-primed exosomes (CUR-EXO) when the cells are treated with CUR and
then CUR-EXO are released [281521(60][61]

Sun et al., for the first time, have shown the use of exosomes as a drug delivery system demonstrating that the anti-
inflammatory activity of CUR with an exosomal formulation is remarkably higher when compared to liposomal CUR and
free CUR [62],

In 2011, Zhuang et al. delivered CUR-loaded exosomes (ExoCUR) through a nasal route, and studied their effects on
inflammatory diseases of the brain, founding a reduction in the number of inflamed microglial cells 2 h after administration,
along with an increase of apoptotic events compared to a control group €21,

Kalani et al. administered CUR-loaded embryonic stem cell exosomes (MESC-ExoCUR) through the nasal route in
ischemia-reperfusion (IR) injured mice and found that treatment with MESC-ExoCUR improved the stroke volume,
ischemia-reperfusion injured neurons, brain vasculature, and vascular junction proteins. More interestingly, it has been
shown an improvement in the neurological score after only 3 days of treatment when compared to IR-mice €9,

Emerging evidence has suggested that exosomes released by Human Umbilical Cord Mesenchymal Stem Cells contain
MiRNAs like let-7b 5. and miR-181c 4 that can specifically bind to the 3' UTRs of target cellular mRNAs leading to the
inhibition of TLR-4 expression and further to the suppression of the downstream NF-kB activity [62,

Aquin and coworkers incubated CUR with milk-derived exosomes and this formulation resulted with increase of 3-5 times
in bioavailability of CUR in various organs versus free agent.

ExoCUR showed a significantly higher anti-inflammatory activity measured as NF-kB activation in human lung and breast
cancer cells and antiproliferative activity against multiple cancer cell lines including, breast, lung, and cervical cancer (€8],

To date, the existing literature does not report articles that consider the exact mechanism by which exosomes-CUR
loaded modulate TLR-4 receptor, but surely, they are able to change the behaviour of recipient cell via targeting a
sequence of cellular or molecular events associated with cell-signalling pathway.

Therefore, we could speculate that exosomes-CUR loaded may act on TLR-4 receptor by a direct stimulation of the
receptor, by regulating target proteins in inflammatory signalling TLR-4 pathway, or by modulation of recipient cells
miRNA.

References

1. Zhao, L.; Lee, J.Y.; Hwang, D.H. Inhibition of pattern recognition receptor-mediated inflammation by bioactive
phytochemicals. Nutr. Rev. 2011, 69, 310-320.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Kasi, P.D.; Tamilselvam, R.; Skalicka-Wozniak K.; Nabavi, S.F.; Daglia, M.; Bishayee, A.; Pazoki-Toroudi, H.; Nabavi,

S.M. Molecular targets of curcumin for cancer therapy: An updated review. Tumour Biol. 2016, 37, 13017-13028.

. Akbik, D.; Ghadiri, M.; Chrzanowski, W.; Rohanizadeh, R. Curcumin as a wound healing agent. Life Sci. 2014, 116, 1—

7.

. Libby, P. Inflammatory mechanisms: The molecular basis of inflammation and disease. Nutr. Rev. 2007, 65, S140—

S146.

. Wang, Y.; He, H.; Li, D.; Zhu, W.; Duan, K.; Le, Y.; Liao, Y.; Ou, Y. The role of the TLR4 signaling pathway in cognitive

deficits following surgery in aged rats. Mol. Med. Rep. 2013, 7, 1137-1142.

. Das, L.; Bhaumik, E.; Raychaudhuri, U.; Chakraborty, R. Role of nutraceuticals in human health. J. Food Sci. Technol.

2012, 49, 173-183.

. Santini, A.; Tenore, G.C.; Novellino, E. Nutraceuticals: A paradigm of proactive medicine. Eur. J. Pharm. Sci. 2017, 96,

53-61.

. Hatamipour, M.; Johnston, T.P.; Sahebkar, A. One molecule, many targets and numerous effects: The pleiotropy of

curcumin lies in its chemical structure. Curr. Pharm. Des. 2018, 24, 2129-2136.

. Greeshma, N.; Prasanth, K.G.; Balaji, B. Tetrahydrocurcumin exerts protective effect on vincristine induced neuropathy:

Behavioral, biochemical, neurophysiological and histological evidence. Chem. Biol. Interact. 2015, 238, 118-128.

Tsai, Y.M.; Chien, C.F,; Lin, L.C.; Tsai, T.H. Curcumin and its nano-formulation: The kinetics of tissue distribution and
blood-brain barrier penetration. Int. J. Pharm. 2011, 416, 331-338.

Dende, C.; Meena, J.; Nagarajan, P.; Nagaraj, V.A.; Panda, A.K.; Padmanaban, G. Nanocurcumin is superior to native
curcumin in preventing degenerative changes in experimental Cerebral Malaria. Sci. Rep. 2017, 7, 1.

Goel, A.; Kunnumakkara, A.B.; Aggarwal, B.B. Curcumin as “Curecumin”: From kitchen to clinic. Biochem. Pharmacol.
2008, 75, 787-809.

Gupta, S.C.; Patchva, S.; Aggarwal, B.B. Therapeutic roles of Curcumin: Lessons learned from clinical trials. AAPS J.
2013, 15, 195-218.

Anand, P.; Kunnumakkara, A.B.; Newman, R.A.; Aggarwal, B.B. Bioavailability of Curcumin: Problems and promises.
Mol. Pharm. 2007, 4, 807-818.

Trotta, T.; Panaro, M.A.; Prifti, E.; Porro, C. Modulation of biological activities in glioblastoma mediated by curcumin.
Nutr. Cancer 2019, 71, 1241-1253.

Catalogna, G.; Moraca, F.; D'Antona, L.; Dattilo, V.; Perrotti, G.; Lupia, A.; Costa, G.; Ortuso, F.; luliano, R.; Trapasso,
F.; et al. Review about the multi-target profile of resveratrol and its implication in the SGK1 inhibition. Eur. J. Med.
Chem. 2019, 183, 111675.

Gopi, S.; Jacob, J.; Varma, K.; Jude, S.; Amalraj, A.; Arundhathy, C.A.; George, R.; Sreeraj, T.R.; Divya, C.;
Kunnumakkara, A.B.; et al. Comparative oral absorption of curcumin in a natural turmeric matrix with two other
curcumin formulations: An open-label parallel-arm study. Phytother. Res. 2017, 31, 1883-1891.

Kunnumakkara, A.B.; Bordoloi, D.; Padmavathi, G.; Monisha, J.; Roy, N.K.; Prasad, S.; Aggarwal, B.B. Curcumin, the
golden nutraceutical: Multitargeting for multiple chronic diseases. Br. J. Pharmacol. 2017, 174, 1325-1348.

Mirzaei, H.; Shakeri, A.; Rashidi, B.; Jalili, A.; Banikazemi, Z.; Sahebkar, A. Phytosomal curcumin: A review of
pharmacokinetic, experimental and clinical studies. Biomed. Pharmacother. 2017, 85, 102-112.

Zhongfa, L.; Chiu, M.; Wang, J.; Chen, W.; Yen, W.; Fan-Havard, P.; Yee, L.D.; Chan, K.K. Enhancement of Curcumin
oral absorption and pharmacokinetics of Curcuminoids and Curcumin metabolites in mice. Cancer Chemother. Pharm.
2012, 69, 679-689.

Basnet, P.; Skalko-Basnet, N. Curcumin: An anti-inflammatory molecule from a curry spice on the path to cancer
treatment. Molecules 2011, 16, 4567—4598.

Lao, C.D.; Ruffin, M.T.; Normolle, D.; Heath, D.D.; Murray, S.l.; Bailey, J.M.; Boggs, M.E.; Crowell, J.; Rock, C.L.;
Brenner, D.E. Dose escalation of a curcuminoid formulation. BMC Complement. Altern. Med. 2006, 6, 10.

Prasad, S.; Gupta, S.C.; Tyagi, A.K.; Aggarwal, B.B. Curcumin, a component of golden spice: From bedside to bench
and back. Biotechnol. Adv. 2014, 32, 1053-1064.

Wang, X.; Wang, Y.; Chen, Z.G.; Shin, D.M. Advances of cancer therapy by nanotechnology. Cancer Res. Treat. 2009,
41, 1-11.

Torchilin, V.P. Recent advances with liposomes as pharmaceutical carriers. Nat. Rev. Drug Discov. 2005, 4, 145-160.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

Ha, D.; Yang, N.; Nadithe, V. Exosomes as therapeutic drug carriers and delivery vehicles across biological
membranes: Current perspectives and future challenges. Acta Pharm. Sin. 2016, 6, 287-296.

Kooijmans, S.A.; Vader, P.; van Dommelen, S.M.; van Solinge, W.W.; Schiffelers, R.M. Exosome mimetics: A novel
class of drug delivery systems. Int. J. Nanomed. 2012, 7, 1525-1541.

Vader, P.; Mol, E.A.; Pasterkamp, G.; Schiffelers, R.M. Extracellular vesicles for drug delivery. Adv. Drug Deliv. Rev.
2016, 106, 148-156.

Hood, J.L.; Wickline, S.A. A systematic approach to exosome based translational nanomedicine. Nanomed.
Nanobiotechnol. 2012, 4, 458-467.

Rufino-Ramos, P.R.; Albuguerque, D.; Carmona, V.; Perfeito, R.; Nobre, R.J.; de Almeida, L.P. Extracellular vesicles:
Novel promising delivery systems for therapy of brain diseases. J. Control. Release 2017, 262, 247—-258.

Lakhal, S.; Wood, M.J. Exosome nanotechnology: An emerging paradigm shift in drug delivery: Exploitation of
exosome nanovesicles for systemic in vivo delivery of RNAI heralds new horizons for drug delivery across biological
barriers. BioEssays 2011, 33, 737-741.

Simonian, M.; Mosallayi, M.; Mirzaei, H. Circulating miR-21 as novel biomarker in gastric cancer: Diagnostic and
prognostic biomarker. J. Cancer Res. Ther. 2018, 14, 475.

Gholamin, S.; Pasdar, A.; Khorrami, M.S.; Mirzaei, H.; Mirzaei, H.R.; Salehi, R.; Ferns, G.A.; Ghayour-Mobarhan, M.;
Avan, A. The potential for circulating microRNAs in the diagnosis of myocardial infarction: A novel approach to disease
diagnosis and treatment. Curr. Pharm. Des. 2016, 22, 397-403.

Neelakandan, K.; Babu, P.; Nair, S. Emerging roles for modulation of microRNA signatures in cancer chemoprevention.
Curr. Cancer Drug Targets 2012, 12, 716-740.

Shehzad, A.; Wahid, F.; Lee, Y.S. Curcumin in cancer chemoprevention: Molecular targets, pharmacokinetics,
bioavailability, and clinical trials. Arch. Pharm. Weinh. 2010, 343, 489-499.

Sharma, R.A.; Euden, S.A,; Platton, S.L.; Cooke, D.N.; Shafayat, A.; Hewitt, H.R.; Marczylo, T.H.; Morgan, B.;
Hemingway, D.; Plummer, S.M.; et al. Phase | clinical trial of oral curcumin: Biomarkers of systemic activity and
compliance. Clin. Cancer Res. 2004, 10, 6847-6854.

Javeri, I.; Chand, N. Nutraceuticals Efficacy, Safety and Toxicity, Chapter 31—Curcumin. Elsevier: New York, NY, USA,
2016; pp. 435-445.

Parasramka, M.A.; Ho, E.; Williams, D.E.; Dashwood, R.H. MicroRNAs, diet, and cancer: New mechanistic insights on
the epigenetic actions of phytochemicals. Mol. Carcinog. 2012, 51, 213-230.

Cui, J.; Zhou, B.; Ross, S.A.; Zempleni, J. Nutrition, microRNAs, and human health. Adv. Nutr. 2017, 8, 105-112.

Momtazi, A.A.; Shahabipour, F.; Khatibi, S.; Johnston, T.P.; Pirro, M.; Sahebkar, A. Curcumin as a MicroRNA regulator
in cancer: A review. Rev. Physiol. Biochem. Pharmacol. 2016, 171, 1-38.

Mirzaei, H.; Khataminfar, S.; Mohammadparast, S.; Sales, S.S.; Maftouh, M.; Mohammadi, M.; Simonian, M.;
Parizadeh, S.M.; Hassanian, S.M.; Avan, A. Circulating microRNAs as potential diagnostic biomarkers and therapeutic
targets in gastric cancer: Current status and future perspectives. Curr. Med. Chem. 2016, 23, 4135-4150.

Zhou, S.; Zhang, S.; Shen, H.; Chen, W.; Xu, H.; Chen, X.; Sun, D.; Zhong, S.; Zhao, J.; Tang, J. Curcumin inhibits
cancer progression through regulating expression of microRNAs. Tumour Biol. 2017, 39, 1010428317691680.

Lasser, C.; Alikhani, V.S.; Ekstrom, K.; Eldh, M.; Paredes, P.T.; Bossios, A.; Sjostrand, M.; Gabrielsson, S.; Létvall, J.;
Valadi, H. Human saliva, plasma and breast milk exosomes contain RNA: Uptake by macrophages. J. Transl. Med.
2011, 9, 9.

Admyre, C.; Johansson, S.M.; Qazi, K.R.; Filén, J.J.; Lahesmaa, R.; Norman, M.; Neve, E.P.; Scheynius, A,;
Gabrielsson, S. Exosomes with immune modulatory features are present in human breast milk. J. Immunol. 2007, 179,
1969-1978.

Lacedonia, D.; Carpagnano, G.E.; Trotta, T.; Palladino, G.P.; Panaro, M.A.; Zoppo,L.D.; Foschino Barbaro, M.P.; Porro,
C. Microparticles in sputum of COPD patients: A potential biomarker of the disease? Int. J. Chronic Obstr. Pulm. Dis.
2016, 11, 527-533.

Street, J.M.; Barran, P.E.; Mackay, C.L.; Weidt, S.; Balmforth, C.; Walsh, T.S.; Chalmers, R.T.; Webb, D.J.; Dear, J.W.
Identification and proteomic profiling of exosomes in human cerebrospinal fluid. J. Transl. Med. 2012, 10, 5.

Lasser, C.; O'Neil, S.E.; Ekerljung, L.; Ekstrém, K.; Sjéstrand, M.; Lotvall, J. RNA containing exosomes in human nasal
secretions. Am. J. Rhinol. Allergy 2011, 25, 89-93.

Raj, D.A.; Fiume, |.; Capasso, G.; Pocsfalvi, G. A multiplex quantitative proteomics strategy for protein biomarker
studies in urinary exosomes. Kidney Int. 2012, 81, 1263-1272.



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Trotta, T.; Panaro, M.A.; Cianciulli, A.; Mori, G.; Di Benedetto, A.; Porro, C. Microglia-derived extracellular vesicles in
Alzheimer’s disease: A double-edged sword. Biochem. Pharmacol. 2018, 148, 184-192.

Porro, C.; Panaro, M.A.; Lofrumento, D.D.; Hasalla, E.; Trotta, T. The multiple roles of exosomes in Parkinson’s
disease: An overview. Immunoph. Immunotoxicol. 2019, 41, 469-476.

Gaceb, A.; Martinez, M.C.; Andriantsitohaina, R. Extracellular vesicles: New players in cardiovascular diseases. Int. J.
Biochem. Cell Biol. 2014, 50, 24-28.

Porro, C.; Di Gioia, S.; Trotta, T.; Lepore, S.; Panaro, M.A. Pro-inflammatory effect of cystic fibrosis sputum
microparticles in the murine lung. J. Cyst. Fibros. 2013, 12, 721-728.

Withrow, J.; Murphy, C.; Liu, Y.; Hunter, M.; Fulzele, S.; Hamrick, M.W. Extracellular vesicles in the pathogenesis of
rheumatoid arthritis and osteoarthritis. Arthritis Res. Ther. 2016, 18, 286.

Porro, C.; Trotta, T.; Panaro, M.A. Microvesicles in the brain: Biomarker, messenger or mediator? J. Neuroimmunol.
2015, 288, 70-78.

Mirzaei, H.; Sahebkar, A.; Jaafari, M.R.; Goodarzi, M.; Mirzaei, H.R. Diagnostic and therapeutic potential of exosomes
in cancer: The beginning of a new tale? J. Cell. Physiol. 2016, 14, 10.

Tian, T.; Wang, Y.; Wang, H.; Zhu, Z.; Xiao, Z. Visualizing of the cellular uptake and intracellular trafficking of exosomes
by live-cell microscopy. J. Cell. Biochem. 2010, 111, 488-496.

Khalyfa, A.; Gozal, D. Exosomal miRNAs as potential biomarkers of cardiovascular risk in children. J. Transl. Med.
2014, 12, 162.

Ackova, D.G.; Smilkov, K.; Bosnakovski, D. Contemporary formulations for drug delivery of anticancer bioactive
compounds. Recent Pat. Anti Cancer Drug Discov. 2019, 14, 19-31.

Kalani, A.; Tyagi, A.; Tyagi, N. Exosomes: Mediators of neurodegeneration, neuroprotection and therapeutics. Mol.
Neurobiol. 2014, 49, 590-600.

Kalani, A.; Tyagi, N. Exosomes in neurological disease, neuroprotection, repair and therapeutics: Problems and
perspectives. Neural Regen. Res. 2015, 10, 1565-1567.

Kalani, A.; Chaturvedi, P.; Kamat, P.K.; Maldonado, C.; Bauer, P.; Joshua, |.G.; Tyagi, S.C.; Tyagi, N. Curcumin-loaded
embryonic stem cell exosomes restored neurovascular unit following ischemia-reperfusion injury. Int. J. Biochem. Cell
Biol. 2016, 79, 360-369.

Sun, D.; Zhuang, X.; Xiang, X.; Liu, Y.; Zhang, S.; Liu, C.; Barnes, S.; Grizzle, W.; Miller, D.; Zhang, H.G. A novel
nanoparticle drug delivery system: The anti-inflammatory activity of Curcumin is enhanced when encapsulated in
exosomes. Mol. Ther. 2010, 18, 1606-1614.

Zhuang, X.; Xiang, X.; Grizzle, W.; Sun, D.; Zhang, S. Treatment of brain inflammatory diseases by delivering exosome
encapsulated anti-inflammatory drugs from the nasal region to the brain. Mol. Ther. 2011, 19, 1769-1779.

Ti, D.; Hao, H.; Tong, C.; Liu, J.; Dong, L.; Zheng, J.; Zhao, Y.; Liu, H.; Fu, X.; Han, W. LPS-preconditioned
mesenchymal stromal cells modify macrophage polarization for resolution of chronic inflammation via exosome-
shuttled let-7b. J. Transl. Med. 2015, 13, 308.

Li, X.; Liu, L.; Yang, J.; Yu, Y.; Chai, J.; Wang, L.; Ma, L.; Yin, H. Exosome derived from human umbilical cord
mesenchymal stem cell mediates MiR-181c attenuating burninduced excessive inflammation. EBioMedicine 2016, 8,
72-82.

Agil, F.; Munagala, R.; Jeyabalan, J.; Agrawal, A.K.; Gupta, R. Exosomes for the enhanced tissue bioavailability and
efficacy of Curcumin. AAPS J. 2017, 19, 1691-1702.

Retrieved from https://encyclopedia.pub/entry/history/show/2936



