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Abstract
Nanotechnology is a branch of science, which empowers innovation to discover new
medical technologies, improving current diagnostic and treatment methods. The scope
of nanotechnology focuses mainly on “technology transfer”, in which research aims to
facilitate the application of recent nanoscience techniques to conventional medicine
development methodologies. Nanomedicine is attractive to researchers who wish to target
speciﬁc infectious diseases associated with poverty, which is highlighted through the many
pertinent examples of recent breakthroughs in nanomedicine. An overview is provided in
this study to highlight the barriers and implementation of nanomedicine for various
infectious diseases in the African continent. Patient backgrounds provide the greatest of
challenges for new technologies in terms of improving bioavailability and dosage. This
review points out the current situation of nanomedicine in Africa and explores the
possibility of how nanomedicine could improve patient drug regimens and wellbeing.
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Introduction
Nanomedicine is a science, which plays a crucial role in
both health and medicine. The term nanomedicine was

ﬁrst established in late 1990s, with publications emerging in the early to mid-2000s (Wagner et al., 2006). The
scope of nanomedicine research is impressive, having
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been studied widely across multiple applications.
Despite this, many experts are unable to provide a
uniform deﬁnition for nanomedicine to explain their
ﬁndings (Webster, 2006). Some authors’ deﬁnition is
born from the fact that since it is the study of particles
in the nanometre range, the range should therefore be
called the nanoscale or themselves be called nanoparticles. The broad deﬁnition can be termed in relation to
their respective ﬁelds. For instance, researchers in
the ﬁeld of biological sciences extended their investigations towards the ﬁeld of nanomedicine by providing
nanoparticles through proteins and nucleic acids
(Wagner et al., 2006).
The technology has been successful and revolutionary through the development of new drug products,
such as Doxil® (Sequus, Menlo Park, CA) (liposome
encapsulated Doxorubicin) and Abraxane® ( Abraxis
BioScience, Inc, New Zealand) (nanoparticle albumin–
bound paclitaxel) which are both on the market and
clinically available (Malam et al., 2009). Indeed, the
application in which medicine is integrated into a
nanoparticulate system allows researchers to investigate drug delivery strategies more appropriately and
in greater detail. The growth in this technology has
been more rapid, whereas in the drug discovery sector
it is more challenging. Therefore, it is essential for researchers to understand the clinical translation process
as currently the developed drug approval rate for phase
I clinical trials is low at around 10% (Hay et al., 2014).
Consequently, more insight into this technology in
terms of progression through clinical application will
lead to successful clinical translation strategies in the
early stages of research.
Notably, the scale of research in terms of drug development and discovery will always be in contrast with
the volume of drugs, which enter into the market. This
issue arises as new drugs must be approved by various
clinical trial phases prior to entry in the market. Furthermore, drugs need to be considered in relation to a
multitude of factors, such as toxicity, solubility, bioavailability and efﬁcacy. Failure to address such factors
would reﬂect badly within the drug market in terms of
“poor compliance”. These issues are exempliﬁed in
Poverty Related Diseases (PRD), such as tuberculosis
(TB), malaria, and HIV. There are signiﬁcant factors
which must be considered as although appropriate
drugs are available in the market, poor drug administration (both low and high) leads to increased patient
risk. Low drug solubility and bioavailability may result
in low drug uptake through poor administration, which
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will lead to treatment failures as routes towards the
emergence of drug resistant strains would be provided.
The converse is also true through increased dosage
quantities and frequencies, which may be employed
to counter low drug solubility and bioavailability. This
would lead to alternative treatment failures, especially
when a physician prescribes drugs with respect to the
patient’s circumstances, as increased dosage and
prolonged treatment can impact patients in terms of
negative side effects. Hence, challenges in drug
development towards PRDs are considered to be a
critical issue, especially in developing countries
(Anwabani, 2002). As such, nanomedicine can play a
crucial role towards PRD in Africa, with technologies
aimed at targeting issues such as poor solubility and
limited bioavailability; the so called Class II, Class IV
drugs according to the Biopharmaceutics Classiﬁcation
System (BSC) (Amidon et al., 1995). To address these
challenges in the treatment of PRDs, the investigation
of nanomedicine by African researchers has revealed
promising approaches for improving treatments of TB,
HIV, malaria, etc. (Choonara et al., 2011). Through
consideration of this emerging ﬁeld of research and
development, effective drug technologies will be produced preventing life-threatening disease infections
for future generations.

Nanomedicine – The Scope of Poverty
Related Diseases (PRD)
Nanomedicine can be categorised as one of four types:
nanocarriers, polymer therapeutics, solid drug
nanoparticles (SDN), and inorganic nanoparticles (NPs)
(Niemirowicz et al., 2012; Busquets et al., 2015;
McDonald et al., 2015; Giardiello et al., 2016; Saravanan
et al., 2018). The conjugation between drugs and watersoluble polymers is aimed at overcoming bioavailability issues through drug encapsulation onto nanoparticle surfaces or within nanocarriers. This conjugation between
the drug and nanocarrier can be simply intermolecular or
as a covalent linkage, which is cleaved as the nanocarrier
arrives at its target site allowing the drug to dissociate
from the nanocarrier, offering controlled release.
Nanomedicine has many impressive applications in
drug product development and research (Etheridge et
al. 2013). This technology has a great implication in
the design of personalised medicine that promises diagnostic methods and the ability to effectively treat patients individually. The primary beneﬁts are related to
drug dosage and treatment times, which can be
lowered for more effective therapy with fewer side
2018 | Volume 3 | Issue 3 |
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effects. This greater effectiveness is achieved through
targeting drug conjugated nanoparticle to increase
drug uptake speciﬁc to the individual, which both enhances systemic concentrations and residence times
(Wang et al., 2011).
Furthermore, nanoparticles have the signiﬁcant potential to be targeted speciﬁcally to the disease receptors. The binding takes place both actively or passively
through bioconjugation of antibodies and speciﬁc
ligands (McCarron et al., 2008; Kamaly et al., 2012).
This mode of target speciﬁc drug release would give
rise to an overall increase in the blood circulation time
of the drug (Kamaly et al., 2012). There are several advances in nanomedicines targeted at passage through
the blood brain barrier (BBB) and ﬁne capillary blood
vessels, which in turn offers improved drug uptake
across other barriers (e.g., lung and intestinal) (D Jong
and Borm, 2008; Onoue et al., 2014).
Signiﬁcantly, nanomedicine has great applicability
towards early stage diagnostics of cancer. This is
achieved through semiconductor devices designed to
image the ﬂuorescence (Farias et al., 2009) of samples
either within blood or speciﬁc tissues. This challenge
plays a crucial role in reduction of cancer related death
rates (Niemirowicz et al., 2012; Choudhary and Kusum
Devi, 2015). The advancement in early diagnosis is more
accurate and patients will be highly beneﬁted both ﬁnancially and through reduced treatment times and
medication (Pericleous et al., 2012). Navalakhe and
Nandedkar, 2007 reported that the small size and large
surface area of nanoparticles increases their ability to
interact internally within cell surfaces (Clift et al.,
2008). The phenomenon in terms of tumour tissue accumulation is referred as “Enhanced Permeability and Retention” (EPR) effect. Therefore, similar approaches in
terms of cellular and tissue accumulation of drugs speciﬁc to PRDs will have advantages in terms of treatment
of bacterial infections like TB (Meerovich et al., 2008).

African Perspective of Nanomedicine
In order to enhance the global contribution of African
countries in the ﬁeld of nanotechnology, the
Nanosciences African Network (NANOAFNET) was
established in 2005, with around 27 African countries
engaged in this network. In the case of nanomedicine,
their activities focus on the improvement of therapies
for infectious diseases related to poverty, including
TB, malaria, HIV, etc. Moreover, in 2011 the CSIR
(Council for Scientiﬁc and Industrial Research)
Nanomedicine Platform in South Africa hosted the ﬁrst
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“International Workshop on Nanomedicine for Infectious Diseases of Poverty”. Importantly, the CSIR
Nanomedicine Platform in South Africa collaborated
actively with the “Pan-African Centre of Excellence
in Nanomedicine” to discuss the application of
nanomedicine research and training, in partnership
with industry and academia, to signiﬁcantly enhance
the development of therapeutic compounds for infectious diseases of poverty (Chang et al., 2015).
The need is signiﬁcant. Around 6 million people are affected annually, many of whom losing their lives, due to
the poor compliance with the aforementioned diseases.
According to the World Health Organisation (WHO), 2010
Global TB report, one third of the world’s population is
currently infected with Mycobacterium tuberculosis.
Additionally, an estimated 1.7 million people died from
TB in 2009 with the highest number of deaths occurring
in Africa (Global Tuberculosis control, WHO report,
2010). Malaria remains one of the world’s most prevalent infectious diseases, with 40% of the world’s population at risk of infection. In 2009, there were an
estimated 225 million cases of malaria reported
worldwide and an estimated 781,000 deaths (WHO,
2010). Additionally, the somewhat neglected tropical
leishmaniasis affects more than 1 billion people annually
for those living in tropical and subtropical climates.
Additionally, a further 500,000 people are affected
annually with new cases of leishmaniasis arising in
Southeast Asia and East Africa (Davidson et al., 1996).
Speciﬁcally, visceral leishmaniasis is more life threatening in cases where no proper treatment is available. In
terms of HIV, Sub-Saharan Africa still bears the largest
global share of the burden, with the highest number of
people living with HIV as well as the highest number of
new HIV infections, AIDS-related deaths and the highest
adult HIV prevalence (UNAIDS, 2010). HIV infection
weakens the immune system and as such exposes the
patient to other infectious diseases such as TB, malaria
and leishmaniasis. Consequently, HIV is gaining popularity for further investigations towards diagnosis as well as
therapeutic research.
The antimicrobial properties of nanomedicines have
been extensively investigated (Azam et al., 2012; Islam
et al., 2013; Neyrolles et al., 2013). Although there are
currently drugs available for the treatment of tuberculosis, the deep in-sights of their mechanism are yet to
be properly understood. Therefore, nanomedicine in
terms of anti-mycobacterial application needs more
investigation (Hussain et al., 2013). In 2001, Hussain
et al. reported on the accurate targeting and drug
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delivery applications of particles in both the micro and
nano size range, where nanoparticles were shown to
engulf and subsequently co-localise Mycobacterium
tuberculosis, which resides in macrophages, within
the micro-organism. Hence, the role of nanoparticles
has been understood, demonstrating the targeting of
speciﬁc sites instead of other sites (Hussain et al.,
2001). These ﬁndings have clearly shown that
nanomedicine has laid a foundation to the scientiﬁc
community for further improvements in the therapeutic ﬁeld of TB. In the case of malaria, the encapsulation
of primaquine in liposomes and solid–lipid nanoparticles
has proven advantageous. Additionally, towards the
treatment of toxoplasmosis as well as leishmaniasis, a
recent study reported the effectiveness of silver nanoparticles (Islan et al., 2017). Speciﬁcally, silver NPs
can be prepared by using physical, chemical or biological methods (Barabadi et al., 2017a, 2017b). However,
further investigations are required before these
products reach the market.

updates from the previous literature and provides an
explanation of nanomedicine and its applications.
Combining the collective expertise from a range of disciplines is required to allow an amalgamated, coherent
and thorough evaluation of where the next steps of
research should be taken. A further understanding of
how drugs are penetrating the lung cavities is required
which may allow a more tailored nano-based regime to
be designed to exploit the unique properties NPs have
to offer. Faster disease diagnosis and initiation into
treatment programmes is paramount if TB is ever to
be controlled. Signiﬁcantly, a cohesive effort between
governments, funding bodies, scientists, clinicians and
patients akin is essential to combat this disease. In
conclusion, more screening of substances is required
to identify anti-mycobacterial compounds as MDR/XDR
TB levels escalate. Moreover, metal/metal oxide NPs
have the potential to be integrated into clinical medicine. Hence, their inherent anti-bacterial properties
should be exploited.

Adverse Effects or Limitations of
Nanomedicine to Patients
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None.

Conﬂict of Interest
The authors report no conﬂicts of interest.

REFERENCES

Amidon, G., Lennernäs, H., Shah, V., and Crison, J. 1995.
A theoretical basis for a biopharmaceutic drug classiﬁcation: the correlation of in vitro drug product dissolution
and in vivo bioavailability. Pharm. Res. 12:413–420.
Anwabani, G. M. 2002. Drug development: a perspective
from Africa. Paediatric and Perinatal Drug Therapy.
5:4–11.
Azam, A., Ahmed, A. S., Oves, M., Khan, M. S., Habib, S.
S., and Memic, A. 2012. Antimicrobial activity of
metal oxide nanoparticles against Gram-positive and
Gram-negative bacteria: a comparative study. Int. J.
Nanomedicine 7:6003–6009.
Barabadi, H. 2017a. Nanobiotechnology: A Promising
Scope of Gold Biotechnology. Cell. Mol. Biol. 63:3–4.
Barabadi, H., Ovais, M., Shinwari, Z. K., and Saravanan, M.
2017b. Anti-cancer green bionanomaterials: present
status and future prospects. Green Chemistry Letters
and Reviews. 10:285–314.
Busquets, M. A., Estelrich, J., and Sánchez-Martín, M. J.
2015. Nanoparticles in magnetic resonance imaging:
from simple to dual contrast agents. Int. J.
Nanomedicine 140:1727–1741.
Chang, E. H., Harford, J. B., Eaton, M. A., Boisseau, P. M.,
Dube, A., Hayeshi, R., Swai, H., and Lee, D. S. 2015.
Nanomedicine: past, present and future – a global perspective. Biochem. Biophys. Res. Commun. 468:511–517.
Choonara, Y. E., Pillay, V., and Ndesendo, V. M. K. 2011.
Polymeric emulsion and crosslink mediated synthesis of
super-stable nanoparticles as sustained-release anti-tuberculosis drug carriers. Colloids and Surfaces B
Biointerfaces. 87:243–254.
2018 | Volume 3 | Issue 3 |
Page 109

Barriers for the implementation of Nanomedicine
Choudhary, S., and Kusum Devi, V. 2015. Potential of nanotechnology as a delivery platform against tuberculosis:
Current research review. J. Control. Release 202:65–75.
Clift, M. J., Rothen-Rutishauser, B., Brown, D. M., Dufﬁn,
R., Donaldson, K., Proudfoot, L., Guy, K., and Stone, V.
2008. The impact of different nanoparticle surface
chemistry and size on uptake and toxicity in a murine
macrophage cell line. Toxicol. Appl. Pharmacol.
232:418–427.
D Jong, W. H., and Borm, P. J. A. 2008. Drug delivery and
nanoparticles: applications and hazards. Int. J.
Nanomedicine 3:133–149.
Davidson, R. N., di Martino, L., Gradoni, L., Giacchino, R.,
Gaeta, G. B., Pempinello, R., Scotti, S., Cascio, A.,
Castagnola, E., Maisto, A., Gramiccia, M., di Caprio,
D., Wilkinson, R. J., and Bryceson, A. D. 1996. Shortcourse treatment of visceral leishmaniasis with liposomal amphotericin B (AmBisome). Clin. Infect. Dis.
22:938–943.
Etheridge, M. L., Campbell, S. A., Erdman, A. G., Haynes,
C. L., Wolf, S. M., and McCullough, J. 2013. The Big
Picture on Nanomedicine: the state of investigational
and approved nanomedicine products. Nanomedicine
9:1–14.
Farias, P. M., Santos, B. S., and Fontes, A. 2009. Semiconductor ﬂuorescent quantum dots: efﬁcient biolabels in
cancer diagnostics. Methods Molecular Biology.
544:407–419.
Fornaguera, C., and García-Celma, M. J. 2017. Personalized nanomedicine: a revolution at the nanoscale. Journal of Personalized Medicine. 7:12.
Giardiello, M., Liptrott, N. J., McDonald, T. O., Martin, P.,
Smith, D., Rannard, S. P., and Owen, A. 2016. Accelerated discovery of oral nanomedicines: paediatric HIV
nanotherapy translation from miniaturised screening to
clinical production. Nat. Commun. 7:13184.
WHO, 2010. Global tuberculosis control: WHO report
2010. World Health Organisation (WHO), Geneva.
Hay, M., Thomas, D. W., Craighead, J. L., Economides, C.,
and Rosenthal, J. 2014. Clinical development success
rates for investigational drugs. Nat. Biotechnol.
32:40 51.
Hussain, M. M., Samir, T. M., and Azzazy, H. M. E. 2013.
Unmodiﬁed gold nanoparticles for direct and rapid detection of Mycobacterium tuberculosis complex. Clin.
Biochem. 46:633–637.
Hussain, N., Jaitley, V., and Florence, A. T. 2001. Recent
advances in the understanding of uptake of
microparticulates across the gastrointestinal lymphatics. Adv. Drug Deliv. Rev. 50:107–142.
Islam, M. S., Larimer, C., Ojha, A., and Nettleship, I. 2013.
Antimycobacterial efﬁcacy of silver nanoparticles as deposited on porous membrane ﬁlters. Material Science
and Engineering C Materials for Biological Applications.
33:4575–4581.
Islan, G. A., Durán, M., Cacicedo, M. L., Nakazato, G.,
Kobayashi, R. K. T., Martinez, D. S. T., Castro, G. R.,
and Durán, N. 2017. Nanopharmaceuticals as a solution
to neglected diseases: is it possible? Acta Trop.
170:16–42.
Johnston, H., Brown, D. M., Kanase, N., Euston, M., Gaiser,
B. K., Robb, C. T., Dyrynda, E., Rossi, A. G., Brown, E.
R., and Stone, V. 2015. Mechanism of neutrophil activation and toxicity elicited by engineered nanomaterials.
Toxicol. In Vitro 29:1172–1184.

2018 | Volume 3 | Issue 3 |
Page 110

Muthupandian Saravanan et al.
Kamaly, N., Xiao, Z., Valencia, P. M., Radovic-Moreno, A.
F., and Farokhzad, O. C. 2012. Targeted polymeric therapeutic nanoparticles: design, development and clinical
translation. Chem. Soc. Rev. 41:2971–3010.
Kermanizadeh, A., Gaiser, B. K., Johnston, H., Brown, D.
M., and Stone, V. 2014. Toxicological effect of
engineered nanomaterials on the liver. Br. J. Pharmacol.
171:3980–3987.
Malam, Y., Loizidou, M., and Seifalian, A. M. 2009. Liposomes and nanoparticles: nanosized vehicles 556 for
drug delivery in cancer. Trends Pharmacol. Sci.
30:592–599.
McCarron, P. A., Marouf, W. M., Quinn, D. J., Fay, F., Burden, R. E., Olwill, S. A., and Scott, C. J. 2008. Antibody
targeting of camptothecin-loaded PLGA nanoparticles to
tumor cells. Bioconjug. Chem. 19:1561–1569.
McDonald, T. O., Siccardi, M., Moss, D., Liptrott, N.,
Giardiello, M., Rannard, S., and Owen, A. 2015. The
application of nanotechnology to drug delivery in medicine. pp. 173–223. in P. Dolez, ed. Nanoengineering:
Global Approaches to Health and Safety Issues.
Elsevier.
Meerovich, G., Meerovich, G.I., Evgeniy, A. L., Natalia O.,
Valentina, M.D., Smirnova, Z.V., Pevgov, V., Zorin, A.B.,
Dimitri, G., Loschenov, V., Vorozhtsov, G. N., Baryshnikov, A. 2008. Inﬂuence of liposome size on accumulation
in tumor and therapeutic efﬁciency of liposomal near-IR
photosensitizer for PDT based on aluminum hydroxide
tetra-3-phenylthiophthalocyanine. NSTI Nanotech 2008,
Technical Proceedings. 2: 41–44.
Navalakhe, R. M., and Nandedkar, T. D. 2007. Application
of nanotechnology in biomedicine. Indian J. Exp. Biol.
45:160–165.
Neyrolles, O., Mintz, E., and Catty, P. 2013. Zinc and copper toxicity in host defense against pathogens: Mycobacterium tuberculosis as a model example of an emerging
paradigm. Front. Cell. Infect. Microbiol. 3:3–6.
Niemirowicz, K., Markiewicz, K. H., Wilczewska, A. Z., and
Car, H. 2012. Magnetic nanoparticles as new diagnostic
tools in medicine. Adv. Med. Sci. 57:196–207.
Onoue, S., Yamada, S., and Chan, H. K. 2014. Nanodrugs:
pharmacokinetics and safety. Int. J. Nanomedicine
9:1025–1037.
Pericleous, P., Gazouli, M., Lyberopoulou, A., Rizos, S.,
Nikiteas, N., and Efstathopoulos, E. P. 2012. Quantum
dots hold promise for early cancer imaging and detection. Int. J. Cancer 131:519–528.
Saravanan, M., Asmalash, T., Gebrekidan, A.,
Gebreegziabiher, D., Araya, T., Hilekiros, H., Barabadi,
H., and Ramanathan, K. 2018. Nano-medicine as a
newly emerging approach to combat human immunodeﬁciency virus (HIV). Pharmaceutical Nanotechnology
6(1):17–27. https://www.ncbi.nlm. nih.gov/pubmed/
29424324.
UNAIDS report on the global AIDS epidemic, 2010, UNAIDS
Wagner, V., Dullaart, A., Bock, A. K., and Zweck, A. 2006.
The emerging nanomedicine landscape. Nat. Biotechnol.
24:1211 1217.
Wang, J., Byrne, J. D., Napier, M. E., and DeSimone, J. M.
2011. More effective nanomedicines through particle
design. Small 7:1919–1931.
Webster, T. J. 2006. Nanomedicine: what’s in a deﬁnition?
International Journal of Nanomdicine. 1:115–116.
WHO, World Malaria Report 2010, 2010. World Health
Organisation (WHO), Geneva.

