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Abstract
In this review are elucidated opportunities of nanotechnology development and its 

appli cation in medicine and, in particular, in pharmacotherapy of cardiovascular and 
on co logic dis eases. Nanotechnology provides elaboration of new tech no logic ar ti fi cial 
material con struction in prosthesis of biologic structures in medicine. One of attracting 
di rections is application of nanotechnology in phar ma co therapy for  drug de liv ering 
to target cells. Molecular machine systems and medical nanorobots may allow instant 
pathogen diagnosis and individual cell therapy in vivo with highly selective targeted 
drug delivery by nanocontainers.
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The discovery of DNA structure and appli-
cation of polymerase chain reaction led to 
considerable progress in the development of 
tech no logical oppor tu nities in molecular biol-
ogy. These new de vel opments promoted the 
new stage of studies of molecular structures, 
DNA structures (Goya R., 2004; Nowak K. et 
al., 1999; Simonsson T. 2001). Biostructure 
modeling is the result of new molecular meth-
od ological studies, which enables the con-
struction of ar ti fi cial organellas or cells at the 
scale of nanodimensions (Hassan E. et al., 
1998; Silva G., 2004).

For the last years the structure and functions 
of a growing number of molecular and cellular 
nano-technologies has been studied and their 
patho ge netic and therapeutic roles in sev eral 
diseases have been elucidated (Hassan E. et al., 
1998; Lang H. et al., 2002; Emerich P. et al., 
2003; Freitas R., 2002; Rieth M. et al., 2002).

Despite this, current diagnostic and phar-
macotherapeutic medical technologies have 

re markable dis crep ancies between theoretical 
basic achievements and applications in di ag-
nos tics and pharmacotherapeutic oppor tu nities 
in clinical prac tice.

Whereas the fundamental biological pro cesses 
in physiological and pathological states are 
studied at the cellular and subcellular scale, i.e. 
ranging from micrometers to nanometers, 
today’s medical tools were designed almost 
ex clu sively for a different length scale.  

Similar statements hold true for therapeutic 
in ter ventions. Drug therapy usually includes 
loading the entire body with a large number of 
drug molecules to treat a limited number of patho-
logically func tioning cells. This approach with 
sys temic drug application may lead to various 
side effects. Since nanotechnology appeared 
on the horizon, the new perspectives in phar-
ma co therapy of many dis eases have opened. 

Currently available nanotechnology possi-
bilities allow the attainment of atomic detail 
not only for im aging single molecules in their 
native states, but also for testing their func tional 
properties and ma nipu lating them one by one 
(Stolz M. et al., 2000; Thalhammer S. et al., 1997). 
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The technology developed for atomic force 
im aging has led to miniaturized devices that 
can function as local probes, biosensors and 
effectors and are very well suited for in te gration 
into small-size instruments, which can di rectly 
be brought to the de fect site by mini mally in va-
sive surgical pro ce dures (Stolz M. et al., 2000; 
Thalhammer S. et al., 1997; Stoffer D. et al., 
1999; Rotsch C., Rodmacher M. 2000). This 
approach may have perspective and is already 
appli cable in ex perimental studies of ath ero-
scle ro sis patho gen esis on the nanoscale level 
and in the treatment of vul nerable plague by 
phar ma co thera peu tic endovascular in tervention 
with nanocontainers (Stolz M. et al., 2000; Fayad 
Z., Fuster V., 2001; Herrera V. et al., 1999).

Another promising field of nanotechnology 
is nanocontainers appli cation for phar ma co-
logical delivery.

Systemic application of potent drugs carries 
a well-known risk of toxicity, therefore local 
drug de liv ery to specific target organs or cells 
is an old dream. While direct in jection and local 

in traarterial in fusion are rarely used for various 
reasons, liposomes have raised con sid erable 
in terest in the past two decades, es pe cially 
when functionalized with spe cific ligands or 
an ti bodies (Krieger M., Herz J., 1994). How-
ever, li po so mal drug tar geting re mains of lim-
ited value in clinical medicine to day, in part 
because of the lim ited stability and design flex-
ibility li po somes can offer.

Successful integration of functional bio logical 
mem brane proteins into the con tainers has been 
de scribed by several groups. Based on these 
observations, func tional nanocontainers have 
been con structed that are able to re spond to 
specific external stimuli via their mem brane 
receptors, while creating a com partment that 
can be used as a re action cham ber for local 
chemical re actions. This flexibility of nano-
containers makes them a prime can di date for 
targeted drug de liv ery although many questions, 
in cluding those of biocompatibility, toxicity, 
and immu no ge nicity are not exhaustively 
an swered at the current time. Since macro-

Fig. 1. Surface topography of (a) normal articular cartilage and (b) osteoarthritic cartilage imaged in air. (a) The 
67 nm repeat of individual collagen fibers is clear resolved atomic forced microscope. (b) In contrast to the normal 
car ti lage, where random orientation of the collagen network is present, in patho logic cartilage the collagen fibers 
ori en tation might follow directed movement within the joint more easily once the glycoseaminoglycans become 
digested in the course of the disease development
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phages play a major role in a wide range of 
diseases in cluding cancer, immune and car-
diovascular dis eases, mac rophage cell lines 
were chosen as a model system for evaluation 
of new drug targeting approaches. On the sur face 
of activated macrophages, scavenger re ceptors 
are expressed that are responsible for binding 
and up take of highly polyanionic mol ecules.

The development of technological oppor tu-
nities, bioengineering and medicine shows that 
nanotechnology is the promising in ter dis ci pli-
nary specialty of many biological new trends 
in the studies of pathogenesis and therapy of 
many diseases.

Within the next few years rapid development 
of biomedical laboratory diagnosis is also 
expected to allow considerably precise, quick, 
bed-side testing of clinical laboratory data. The 
highly selective delivery of medicines by means 
of nano-containers has been deve-loped, and 
within the next few years it can be applied in 
medicine, in cluding gene therapy.

Nanotechnology has promoted and also 
resulted in development of nanotubules and 
nanospheres, which possess a number of unique 
properties. Such nanomaterials, for example, 
im prove the design and characteristics of 
im planted struc tures, where the optimum 
mechanical prop erties have been de ter mining 
their functions (Sauer M. et al., 2001; Graff A. 
et al., 2002). They can be very suitable in mod-
eling of pros the ses of car diac valves, joint 
pros the ses (Sauer M. et al., 2001; Cohen N., 
Fos ter V., 1998). With ref erence to medicine, 
the de vel opment of ma te rials and de vices, 
interacting in the or ganism on the sub cellu lar 
level, conditions greater ad ap tation and phys-
iologicity. Oppor tu nities to im prove biocom-
patibility of such nanomaterials are widely 
studied now. Ca na dian scientists (Chang T. and 
Poanda D, 2003) de signed erythrocytes in 
nanodimension with ul trathin nanocapsules 
(80-150 nm in diameter) containing hemoglobin 
and ferments; this design has con sid erably 
enlarged the half-term of circulation in blood. 
The hemoglobinic nanocapsules are more ex pe-

dient from the point of view of pharmaco-
dynamics and phar ma co ki netics and can be 
successfully applied in the transfusiology 
(Chang T., Poanda D., 2003).

The development of nanometric technology 
also promotes improvement of biomedical labo-
ratory technology, which plays a key role in 
prac tical medi cine. Now the majority of tests 
are carried out in the macroscopic dimension-
ing. Truncating of bio medical laboratory tests 
has advantages like re duction of probe sizes, 
of the amount of potentially expensive reagents, 
such as, for instance, mono clonal antibodies. 
The mentioned ad van tages can result in sig-
nificant reduction of the time-ex pen di ture in 
laboratory investigations. On the whole, small 
sizes, mini mal probe volumes and reduction of 
the reaction time in prospect can re sult in devel-
opment of portable test systems. The development 
of the mentioned trend can also lead to wide 
adoption of mobile tests both in the out pa tient 
setting and in bed-side patients.

Another example of successful application 
of nanotechnology in practical medicine is 
determination of elasticity of joint cartilages. 
At present, car ti lage elasticity is detected by 
means of indenters, which determine the tissue 
along the whole scale without differentiating 
the initial struc ture (Freitas R., 2002; McDevitt 
C., Muir H., 1982). De ter mi nation of atomic 
force by in denters using the nanometrical scale 
in di cates a car ti lage elas ticity index being 
500 units as lower (Hassan E. et al., 1998; 
McDevitt C., Muir H., 1982; Goldsbury C. et 
al., 1999). Meanwhile, the elas ticity index 
de pends on the chemical com po sition and spatial 
arrangement of a collagenic network. On the 
nanometrical scale, the structure of joint is 
available (well ex pressed). Upon movement of 
several gly cosami nogly cans, the collagenic 
fi bres have had more dense structure that results 
in an in du ration of the car ti lage (McDevitt C., 
Muir H., 1982). Thus, nanotechnolgy allows 
re vealing the finest struc ture of pathological 
degradative changes, as well as detecting car-
ti lage elasticity - an important mechanical 



31

P. Hunziker & H. Sisakyan  /  The  New Armenian Medical Journal

pa ram eter of the car ti lage - by means of a 
nanometrical scale.

As is well known, an electric excitation in 
the cen tral and peripheral nervous systems is 
pro vided by means of activation of ionic chan-
nels. Fluorescent and nanotechnical devices, 
which were originally applied to non-biological 
surfaces, have at present found the usage in 
studying features of  membrane channels func-
tioning, physical functions of cellu lar mem-
branes, and their morphological struc ture. The 

mentioned direction has been named “nano-
scopy” (Stoffer D. et al., 1999; Goldsbury C. 
et al., 1999). In the next decade de ter mi nation 
of separate cells, di ag no sis of pa thology in 
sepa rate cells and their treatment seems quite 
possible. Meanwhile, the onrush of nanotech-
nology, in our opinion, should be di rected to 
prophylaxis and early treatment of car dio vas-
cu lar and oncological dis eases, as well as infec-
tious diseases in underdevel oped countries.
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