
Submit Manuscript | http://medcraveonline.com

associated neurocognitive disorders (HAND), ultimately progressing 
to neuroAIDS.1-3 This is mainly attributed to the integration of the 
HIV-1 genome into the host genome causing viral latency. The 
cells that harbor latent HIV typically stay in specific anatomic sites 
e.g. secondary lymphoid tissue, testes, liver, gut and the CNS.4,5 

The situation is more complicated because in addition to the latent 
reservoir, other cryptic viral sources exist during HAART, including a 
very small amount of active virus replication that occurs even during 
therapy.6 It is not clear whether this is due to poor HAART penetration 
into the sites of virus replication or to residual replication that occurs 
even at ideal drug concentrations. Moreover, neurotoxicity and drug 
resistance makes the treatment of HIV infection more challenging. 
Thus, complete eradication of HIV-1 reservoirs from CNS remains a 
clinically formidable task to cure or treat NeuroAIDS.7

One of the major reasons for the failure of neuroAIDS treatment is 
poor patient compliance with HAART. Due to lifelong therapy, patients 
fail to adhere to the treatment schedule which leads to ineffective 
drug levels in the body causing the rebound of viral replication.8-10 
Despite the best intentions and efforts on the part of the healthcare 
professionals, non-adherence of patients with HAART remains very 
high. Clinical trial data on HIV drugs shows that missed doses of 
antiretroviral agents were most likely to occur due to neurocognitive 
defects and other personal issues (e.g. forgetfulness, sleeping through 
a dose, being too busy to take the dose, feeling sick and depression).8 
Furthermore, diseases in PLWH/A can be greatly exacerbated by drugs 
of abuse, such as cocaine, methamphetamine etc., which decreases 
likelihood of adherence to HAART regimens.2 No single intervention 
strategy will likely improve the adherence of all PLWH/A; attempts 
to improve patient adherence will likely depend upon a set of key 
factors. Among all strategies, decreasing the frequency of medication 
administration may have the greatest potential to improve compliance 
and achieve better treatment outcomes.

To achieve the effective treatment for an HIV-infected individual, 
all sources of replication-competent HIV must be eliminated. 
Achieving this objective may require an amalgamation of diverse 
approaches reflecting the variety of reservoirs that exist in infected 
patients along with the active infection. So, to overcome the 

limitations of CNS delivery, a number of strategies [nanoparticles, 
lipid carrier, tagging drugs to ligands that cross the BBB through a 
carrier mediated transport, macrophage mediated transport (Trojan 
horse) or receptor mediated transport (e.g. insulin, transferrin)] 
have been used to improve the permeability of ARVs drugs across 
BBB.11-13 Each of these strategies presents strengths and limitations. 
To address the issue of adherence and patient compliance, our group 
has worked on these aspects and developed a novel layer-by-layer 
(LbL)-magnetic nanoformulation that can release the ARV and LRA 
for longer duration in sequential while sustaining manner (up to 5 
days).14 Additionally, our group discovered a novel magneto–electric 
nanoparticle (MENPs) to overcome the constraint of uncontrolled 
release of drugs from the magnetic nanocarriers.15 We have explored 
the novel dual property (Magnetic and electrical property) of the 
nanomaterial for the on demand delivery of ARV drug across in-vitro 
BBB for the potential application of neuroAIDS treatment.16 We have 
also explored more biocompatible and novelmagneto-liposomes used 
to pack monocytes/macrophage that deliver ARV drugs across BBB.17 

All the aforementioned studies are in preclinical stages and needs 
great amount of both experimental and clinical validation before this 
HIV nanotherapeutics can be used in clinical setting.

Outlook
Application of nanotechnology in the nanomedicine field has 

shown exciting prospects for development of a novel drug delivery 
system to administer the desired therapeutic levels of ARVs/LRAs 
across the BBB. Nevertheless, all existing nanocarrier based drug 
delivery systems have many limitations that affect the target specificity, 
delivery efficacy, release kinetics and bioavailability of desired amount 
of drugs at the target site. So, from a drug delivery point of view, 
a targeted brain specific delivery and drug release (sustained or on 
demand release) from the nanocarrier is very much needed to eradicate 
HIV reservoirs. Most importantly, poorly-understood mechanistic 
details behind the delivery of existing nanocarriers across the BBB 
and ambiguous release strategies of nanocarrier bound drugs/agents to 
the target are prohibiting the advancement of nanodelivery system In 
conclusion, state-of-the-art of HIV eradication using nanotechnology 
suggests that developing a nanomedicine for site-specific drug 
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Introduction
Highly Active Antiretroviral Therapy (HAART) has significantly 

declined mortality rates of people living with HIV/AIDS (PLWH/A); 
however, HIV virus still remains dormant in brain compartments 
while more than 50-60% of the infected patients exhibit HIV 
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delivery to CNS and smart assaying to monitor HIV progression will 
be needed for better neuroAIDS management and its treatment.

Acknowledgements
Authors acknowledge NIH grants namely R01-DA037838, R01-
DA034547, R21-MH101025, R01-DA027049, and 1R01-DA-04053.

Conflicts of interest
The authors state no conflict of interest and have not received any 

financial support for the preparation of this manuscript.

References
1. Richman DD, Margolis DM, Delaney M, et al. The challenge of finding 

a cure for HIV infection. Science. 2009;323(5919):1304‒1307.

2. Lindl KA, Marks DR, Kolson DL, et al. HIV‒associated neurocognitive 
disorder: Pathogenesis and therapeutic opportunities. J Neuroimmune 
Pharmacol. 2010;5(3):294‒309.

3. Almeida SM de, Letendre S, Ellis R. Human immunodeficiency virus 
and the central nervous system. Braz J Infect Dis. 2006;10(1):41‒50.

4. Churchill MJ, Steven GD, David MM, et al. HIV reservoirs: What, 
where and how to target them. Nat Rev Microbio. 2016;14:55‒60.

5. Eisele E, Siliciano RF. Redefining the viral reservoirs that prevent 
HIV‒1 eradication. Immunity. 2012;37(3):377‒388.

6. Marsden MD, Zack JA. Eradication of HIV: current challenges and new 
directions. J Antimicrob Chemother. 2009;63(1):7‒10.

7. Sagar V, Sudheesh PK, Ravi P, et al. Towards nanomedicines for 
neuroAIDS. Rev Med Virol. 2014;24(2):103‒124.

8. Machtinger EL, Bangsberg DR. Adherence to HIV antiretroviral therapy. 
HIV InSite Knowledge Base Chapter. USA. 2005.

9. Sabaté E. Adherence to long‒term therapies: Evidence for action. World 
Health Organization. 2003.

10. Martin LR, Williams SL, Haskard KB, et al. The challenge of patient 
adherence. Ther Clin Risk Manag. 2005;1(3):189‒199.

11. Mamo T, Moseman EA, Kolishetti N, et al. Emerging nanotechnology 
approaches for HIV/AIDS treatment and prevention. Nanomedicine. 
2010;5(2):269‒285.

12. Wong HL, Chattopadhyay N, Wu XY, et al. Nanotechnology applications 
for improved delivery of antiretroviral drugs to the brain. Adv Drug 
Deliv Rev. 2010;62(4):503‒517.

13. Iannazzo D, Pistone A, Romeo R, et al. Nanotechnology Approaches for 
Antiretroviral Drugs Delivery. J Aids Hiv Infec. 2015;1(2):1‒13

14. Jayant RD, Atluri VS, Agudelo M, et al. Sustained‒release nanoART 
formulation for the treatment of neuroAIDS. Int J Nanomedicine. 
2015;10:1077‒1093.

15. Kaushik A, Jayant RD, Sagar V, et al. The potential of magneto‒
electric nanocarriers for drug delivery. Expert Opin Drug Deliv. 
2014;11(10):1635‒1646.

16. Nair M, Rakesh G, Ping L, et al. Externally controlled on‒demand 
release of anti‒HIV drug using magneto‒electric nanoparticles as 
carriers. Nat Commun. 2013;4:1707.

17. Saiyed ZM, Gandhi NH, Nair M. Magnetic nanoformulation of 
azidothymidine 5’‒triphosphate for targeted delivery across the blood–
brain barrier. Int J Nanomedicine. 2010;5:157‒166.

https://doi.org/10.15406/jnmr.2016.03.00047
http://www.ncbi.nlm.nih.gov/pubmed/19265012
http://www.ncbi.nlm.nih.gov/pubmed/19265012
http://www.ncbi.nlm.nih.gov/pubmed/20396973/
http://www.ncbi.nlm.nih.gov/pubmed/20396973/
http://www.ncbi.nlm.nih.gov/pubmed/20396973/
http://www.scielo.br/pdf/bjid/v10n1/a09v10n1.pdf
http://www.scielo.br/pdf/bjid/v10n1/a09v10n1.pdf
http://www.nature.com/nrmicro/journal/v14/n1/full/nrmicro.2015.5.html
http://www.nature.com/nrmicro/journal/v14/n1/full/nrmicro.2015.5.html
http://www.ncbi.nlm.nih.gov/pubmed/22999944
http://www.ncbi.nlm.nih.gov/pubmed/22999944
http://www.ncbi.nlm.nih.gov/pubmed/18984648
http://www.ncbi.nlm.nih.gov/pubmed/18984648
http://onlinelibrary.wiley.com/doi/10.1002/rmv.1778/abstract
http://onlinelibrary.wiley.com/doi/10.1002/rmv.1778/abstract
http://hivinsite.ucsf.edu/InSite?page=kb-03-02-09
http://hivinsite.ucsf.edu/InSite?page=kb-03-02-09
http://www.who.int/chp/knowledge/publications/adherence_report/en/
http://www.who.int/chp/knowledge/publications/adherence_report/en/
http://www.ncbi.nlm.nih.gov/pubmed/18360559
http://www.ncbi.nlm.nih.gov/pubmed/18360559
http://www.ncbi.nlm.nih.gov/pubmed/20148638
http://www.ncbi.nlm.nih.gov/pubmed/20148638
http://www.ncbi.nlm.nih.gov/pubmed/20148638
http://www.ncbi.nlm.nih.gov/pubmed/19914319
http://www.ncbi.nlm.nih.gov/pubmed/19914319
http://www.ncbi.nlm.nih.gov/pubmed/19914319
http://www.annexpublishers.com/articles/JAHI/Volume-1-Issue-2/Nanotechnolog-Approaches-for-Antiretroviral-Drugs-Delivery.pdf
http://www.annexpublishers.com/articles/JAHI/Volume-1-Issue-2/Nanotechnolog-Approaches-for-Antiretroviral-Drugs-Delivery.pdf
http://www.ncbi.nlm.nih.gov/pubmed/25709433
http://www.ncbi.nlm.nih.gov/pubmed/25709433
http://www.ncbi.nlm.nih.gov/pubmed/25709433
http://www.ncbi.nlm.nih.gov/pubmed/24986772
http://www.ncbi.nlm.nih.gov/pubmed/24986772
http://www.ncbi.nlm.nih.gov/pubmed/24986772
http://www.nature.com/ncomms/journal/v4/n4/full/ncomms2717.html
http://www.nature.com/ncomms/journal/v4/n4/full/ncomms2717.html
http://www.nature.com/ncomms/journal/v4/n4/full/ncomms2717.html
http://www.ncbi.nlm.nih.gov/pubmed/20463931
http://www.ncbi.nlm.nih.gov/pubmed/20463931
http://www.ncbi.nlm.nih.gov/pubmed/20463931

	Title
	Keywords
	Abbreviations
	Introduction
	Outlook 
	Acknowledgements
	Conflicts of interest
	References

