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The main directions of research in the field of nanosized carrier systems for targeted delivery of drugs are re-

viewed. The fields of research and the results from characterization of the pharmacological properties of

nanosized forms of drugs, including nanospheres, liposomes, dendrimers, fullerenes, nanocapsules, and

nanocrystalline forms of drugs are considered. Prospects of the search for new forms of drugs based on

achievements in nanobiotechnology are considered with a view to the reduction of side effects and improve-

ment of the bioavailability of drugs.
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Nanosized colloidal carriers of drugs represent one of the

approaches to discovering new methods of pharmacotherapy.

Colloidal delivery systems can increase the effectiveness of

action by optimizing the biodistribution and toxicodynamics

of drugs [1 – 4]. The ability to deliver a drug using a particu-

lar particle directly to a biological target, overcoming

histohematic barriers (HHB), is exceedingly attractive and is

moving more and more from a pure idea to practical imple-

mentation [5].

It has been reported that colloidal systems consisting of

particles with sizes from several to thousands of nanometers

are capable of delivering drugs contained in them (bound to

them) to certain biological targets [6 – 8].

A review of the literature [9] identified the main require-

ments for targeted delivery systems as:

the reliability and use of available raw materials;

the capability to retain activity during delivery in the

vasculature for a given and controlled time;

a highly selective interaction with biological targets;

the required amount of delivered drug and its high effec-

tiveness at the target;

the maximum effect on a given number of target cells;

the ability to control both the strength and time of drug

action;

flexibility for various chemical classes of drugs and tar-

gets.

Figure 1 shows a hypothetical nanoparticle correspond-

ing to all these requirements.

This list of requirements is incomplete and is far from

strictly followed for any of the existing systems. However,

even partial adherence to these requirements in a certain sys-
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tem makes it much more effective than the drug without a

carrier.

It should also be noted that the effectiveness of drugs

based on nanosized carriers will be highly individualized and

will depend on the drug structure, the chemical nature of the

carrier, etc. A clearly individualized approach is necessary

for creating nanosized forms of a particular drug. In several

instances its fabrication will not give the expected result. The

activity of enzyme systems can be changed through the ac-

tion of nanosized particles [10, 11]. This will affect the dos-

ing of nanosized forms of drug. In particular it was found

that C
60

fullerene is complementary to the active center of

HIV protease and is bound to it through van-der-Waals

forces, thereby inactivating the enzyme [12].

A change of the bioavailability of a drug bound to a

nanosized carrier and the targeted delivery of an active prin-

ciple directly to the target organ will also change the amount

of drug required to achieve a given biological response and

will decrease possible side effects.

Figure 2 shows a whole series of structures that can act

as nanosized carriers according to the literature [13 – 19].

Nanoparticles. The idea that nanotechnology will help

to make therapy of many diseases more targeted and selec-

tive corresponds with the interests of practical pharmacol-

ogy. In fact, the distribution of drugs in the organism can be

changed so that they reach only their site of action. This

problem can be solved by using nanosized carriers, also

called nanoparticles (nanosystems), for targeted delivery of

drugs that take into account biochemical peculiarities of the

organism. Nanosystems for delivering drugs can overcome

low solubility and unsatisfactory absorption (assimilation) of

the newest generations of drugs because they have the

unique feature of an extremely developed (compared with

traditional materials) surface. Thus, nanoparticles themselves

are used not only for therapy of some pathologies or others

but also for diagnosis of diseases [20 – 31]. Therefore, the

discovery of new nanosized materials with both therapeutic

and diagnostic application has become very important.

Nanosized carriers are modified by amphiphilic surfac-

tants in order to increase the effectiveness of delivery of

nanoparticles to the target organ. Such modification prevents

capture of the particles by liver and spleen macrophages, i.e.,

assists their distribution outside the reticulo-endothelial sys-

tem (RES) [20]. A promising area of this technology is the

use of modified nanoparticles for delivery of drugs through

the blood-brain barrier (BBB). Use of nanoparticles may turn

out to be especially critical for chemotherapy of brain tumors

because the BBB prevents the access of many drugs to the

brain in therapeutic concentrations whereas local

(intracerebral) administration often does not provide the de-

sired results in view of limited diffusion of the drug from the

site of administration into brain tissue [22].

Thus, it has been shown that incorporation of doxoru-

bicin (DR) into biodegradable and biocompatible nanopar-
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Fig. 3. Kinetics of concentration change of doxorubicin (DR) in rat

brain after administration (i.v.) at a dose of 5 mg�kg: DR bound to

polypropylcyanacrylate nanoparticles coated with polysorbate-80

(1), DR bound to polypropylcyanacrylate nanoparticles, DR to-

gether with polysorbate-80, and DR solution (2).



ticles of polybutylcyanacrylate (PBCA) modified with poly-

sorbate 80 (Tween
®

80) can deliver it to the brain because,

being a substrate of Pgp (P-glycoprotein-transport protein,

which eliminates the antitumor preparation from the cell),

DR in the free state does not penetrate the BBB [23, 24]

(Fig. 3).

A study of the chemotherapeutic activity of this drug

form toward a glioblastoma 101�8 brain tumor model in rats

showed that it was highly effective compared with the con-

trol and increased the lifespan by 84%. Also, 23% of the ani-

mals went into long-term remission (>6 months) [24].

The mechanism of delivery of drugs into the brain using

nanoparticles has not been fully established. According to

one of the hypotheses, PBCA nanoparticles modified by

polysorbate 80 penetrate into endothelial cells of brain capil-

laries through receptor-mediated endocytosis [25]. This hy-

pothesis was based on several experimental results indicating

that modification of the surface of PBCA nanoparticles by

polysorbate 80 leads to adsorption on their surface of

apolipoprotein E circulating in plasma. Receptors for this

protein are expressed in membranes of endothelial cells of

brain capillaries. It can be hypothesized that adsorbed

apolipoprotein E interacts with the receptors and, thereby, fa-

cilitates capture of the particles by endothelial cells. The

nanoparticles are degraded in the cell and release the drug,

which then penetrates into brain tissue (Fig. 4). Thus,

nanoparticles are an effective medium for delivering drugs

into the brain. This area presents new interesting possibilities

for non-invasive therapy of various CNS pathologies.

It is highly probable that targeted delivery systems for

antitumor preparations will combine the main advantages of

colloidal carriers and of specific vectors that deliver drugs to

these molecular targets.

Fullerenes. Fullerenes must also be discussed as

nanosized carriers. Technologies enabling the production of

stable colloidal solutions of fullerenes in water have now

been developed. Thus, successive addition of a benzene solu-

tion of fullerene to THF and acetone followed by addition to

water with distillation of the organic phase produced a stable

water solution of fullerene with concentration 2 � 10
– 6

M

that was stable for several months and consisted of

250 – 350-nm particles. Table 1 lists methods for preparing

aqueous dispersions of fullerenes.

The ability to modify chemically the fullerene molecule

allows the creation of particles with a given surface charge to

which a drug can be bound using noncovalent or covalent

bonds [35].

Figure 5 shows examples of this type of fullerenes.
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Several studies have shown the possibility in principle

for practical application of fullerene derivatives in pharma-

ceutical practice [36 – 39].

Dendrimers. One of the most promising and rapidly

growing research areas in modern chemistry over the last

few years has been a new type of polymeric compounds.

Their macromolecules have a specific (mainly spherical)

shape and a three-dimensional densely packed framework

consisting of concentric layers of branching elementary

units.

The only approved name for this class of compounds is

the term dendrimers or starburst dendrimers that was pro-

posed by Donald Tomalia, who developed the first

dendrimers as polyamidoamines [40]. The term arboroles

that was proposed by Newkome, et al. [41] and the term cas-

cade compounds are used less frequently. The choice of

terms is based on the structure of the macrochain, which is

reminiscent of the structure of tree crowns [dendron (Gr.), ar-

bor (Lat.), tree] or a cascade of repeating structural elements

and the average sizes of these compounds (1 – 100 nm).

This class of compounds is interesting because the num-

ber of branchings increases in a geometric progression with

each unit step of growth. As a result, the shape and molecular

rigidity changes as the molecular weight of such compounds

increases. As a rule, this is accompanied by a change of

physicochemical properties of the dendrimers such as the

characteristic viscosity, solubility, density, etc. [42].

If circles passing through existing and potential points of

dendrimer branching are envisioned around the center of the

dendrite molecule and they are numbered starting with 0, it

can be seen that all branching points fall on a circle owing to

the symmetry of the molecule. The maximum number ob-

tained in this manner is called the generation number G of

the dendrimer.

The number of terminal (surface) groups in a dendrimer

increases in a geometric progression in each generation.

Also, the size of the molecule and, therefore, the surface

available for locating surface groups in each generation in-

creases only as a square law. This results in the packing den-

sity of surface groups of dendrimers also growing from

lower generations to higher ones. As a result, the shape and

rigidity of the dendrimers changes from loose structures to a

shape reminiscent of starfish to rigid spheres. This property

enables them to be viewed as promising materials with vari-

ous practical uses [43].

Dendrimer macromolecules have been used successfully

as agents for delivering chemotherapeutic drugs to cancer

cells [44]. Thus, the completed experiments showed that the

effectiveness of methotrexate was increased and the side ef-

fects and toxicity were decreased with dendrimer delivery of

it into the organism. Further research in this area, according

to the developers, will transform neoplastic diseases into a

chronic controllable form.
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TABLE 1. Preparation Methods and Characteristics of Aqueous Fullerene Dispersions

Ref. Prepared by To produce Composition Fullerene concentration

[26] Grinding C
60

fullerene powder Suspension of C
60

fullerene in water

Particles, 1 – 100 nm, 20% <1 nm, 60%

1 – 20 nm, 20% >20 nm

1 mg�mL

[27] Prolonged milling of C
60

fullerene

with water

Stable suspension

(2 months)

Particles, 7% 1650 – 1000 nm, 43%

500 – 1000 nm, 28% 250 – 450 nm,

22% < 200 nm

[28] Solution of C
60

(0.15 mg) in benzene

(100 �L) added to THF (10 mL), result-

ing solution added dropwise to acetone

(100 mL). Resulting mostly acetone so-

lution treated with water (150 mL), or-

ganic solvents distilled off

Stable colloidal suspen-

sion (up to 3 months)

Particles, 250 – 350 nm 2.1 � 10
– 6

M

[29] Solution of C
60

(and�or C
70

) fullerene

in toluene added to a large volume of

another organic solvent (e.g., CH
3
CN)

Stable colloidal suspen-

sion in organic solvent

(several months)

Average particle size for C
60

�C
70

~200

nm; C
70

, ~300 nm, C
70

, ~400 nm

10 mg�L, 10
– 5

M

[30] Direct mixing of a saturated solution of

C
60

(and�or C
70

) fullerene in THF and

water with subsequent removal of THF

by a stream of N
2

Stable colloidal suspen-

sion in water (up to

9 months)

Particles, ~60 nm 5.0 � 10
– 6

M

[31] – – Particles, 25 – 500 nm –

[32] Ultrasound treatment of a mixture of

C
60

and C
70

fullerenes in toluene and

water

Stable colloidal suspen-

sion in water (up to

9 months)

Particles, 3.4 – 72 nm up to 2.2 mM

[33] Stirring of crystalline fullerene with

water (2 weeks)

Stable colloidal suspen-

sion in water

Particles, 50 nm to 1 �m –

[34] Stirring of crystalline fullerene with

water and illumination (2 months)

Stable colloidal suspen-

sion in water

Particles, 10 – 200 nm 5.0 � 10
– 6

M



Host-guest structures based on cucurbit(6)uryl and a

dendrimer with terminal alkyldiammonium groups are

known. Cucurbituryl [C
36

H
36

N
24

O
12

, cucurbit[6]uryl or Q6]

is constructed of six bound methylenes of glycoluryl frag-

ments. This compound is the first example of cucurbituryls.

It was prepared by Berend in 1905 by condensation in acidic

medium of formaldehyde and glycoluryl (the condensation

product of urea and glyoxal). The synthesis of Berend was

repeated in 1981 by Freeman, Mock, and Shih [45]. They ob-

tained a colorless crystalline compound, a macrocyclic

cavitand with a barrel shape.

Reaction of Q6 with a dendrimer having terminal alkyl-

ammonium groups conjugated to them the macrocycles and

formed a dendrimer with terminal pseudorotaxane fragments

(Fig. 6). The use of bulky molecules as a component part of

the terminal groups imparted rigidity to the dendrimer struc-

ture. The resulting compound was globular and capable of

holding guests within itself. The bulky group was removed

upon increasing the solution pH. The dendrimer became

conformationally flexible and released the guest molecules.

This ability to incorporate molecules reversibly enables

dendrimers to be used successfully for drug delivery

[46, 47].

Capsules. Microencapsulation has been widely used in

the production of various products and preparations [48], in-

cluding those for medical purposes [49], as a principle for

fabricating systems for targeted delivery and protection of

compounds. These are pharmaceuticals of timed-release and

prolonged action that provide protection from stomach acid

upon oral administration of polypeptides, vaccines, and other

preparations in addition to systems for parenteral administra-

tion in a biodegradable coating, agricultural agents (pesti-

cides, pheromones), chemical products of various applica-

tions (dyes for carbonless paper copying, toners, antipyrenes

for polymeric compositions, anaerobic hermetics, etc.), food

and feed bioactive additives, components of cosmetics, etc.

As a rule, microparticles of solid and liquid compounds that

are encapsulated in the polymeric coating give entirely new

properties to known chemical and pharmaceutical products

and biologically active substances. Interest in microencapsu-

lation remains high from a scientific and practical viewpoint.

This can be seen from the expansive literature on this subject

{e.g., monographs [50, 51], MML book series [52], and peri-

odicals (J. Microencapsulation)} and regular international

symposia organized by the International Society for

Microencapsulation.

Gas-phase polymerization is one of the most common

methods for encapsulation of compounds. A unique process

consisting of selective thermal destruction of the p-xylyli-

dene dimer with subsequent polymerization of the resulting

radicals on the surface to be encapsulated has been used for
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TABLE 2. Encapsulation Methods

Microcapsule

preparation

method

Main steps

Coacervation Dispersion of drug in colloidal solution of coating mate-

rial. Desolvation. Adsorption of resulting coacervated

drops on encapsulated drug. Solidification of coacervate

and isolation of capsules.

Pseudoliquef

action

Transfer of nuclei of encapsulated material into

pseudoliquefied state. Spraying of solution of coating

material. Drying and precipitation of microcapsules.

Chemical

method

Dispersion of drug in polymer solution to given sizes.

Phase separation with formation at the phase boundary

of solid coating. Isolation of microcapsules.

a b

Fig. 6. Rigid dendrimer structure. Terminal groups are cucurbituryl (a) and benzyl (b ).



microencapsulation, in particular, of solid drugs by gas-

phase polymerization.

The effectiveness of this microencapsulation method and

the ability for rapid release of the drug from the microcap-

sule have been studied using crystalline piracetam (a nootro-

pic preparation), the main fraction of which (83%) had parti-

cle size 200 �m. It was found that the release rate of pirace-

tam from the microcapsules depended on the coating

thickness. The release rate for a coating thickness >3 �m was

significantly decreased. The polymeric coating could regu-

late the release rate of the drug from practically instanta-

neous (equivalent to the action of free piracetam) to insignif-

icant in acidic and neutral media. The release rate of

piracetam from microcapsules in alkaline medium

(pH = 9.12) was faster than in acidic [53]. Thus, the different

release rates of piracetam from microcapsules in various me-

dia enables the drug dose to be controlled in the organism.

Less than 3.5% of the drug is released during the first hour

after administration of microcapsules in a model medium

with pH = 7 for a coating thickness up to 1.5 – 3.0 �m. In al-

kaline medium (pH = 9.1), about 60% of the compound is re-

leased in 5 h from these same microcapsules. Obviously, de-

creasing the coating thickness to 0.3 – 0.5 �m allows up to

100% of the drug to be released in the same time. Up to 10%

of the compound can be released in the first hour. This exam-

ple illustrates the promise of using microencapsulation to

create new drug forms.

TABLE 2 shows the methods that are used most com-

monly to prepare drug nanocapsules.

The following problems can be resolved by using

nanoencapsulation:

isolation of drugs from the environment;

transformation of liquids into pseudosolids;

prevention of dissolution or its regulation;

improvement of conditions for handling the product;

decreasing the volatility;

increasing the pharmacological activity;

controlled release of an encapsulated compound;

masking of odor, taste, and color;

ability to use microencapsulated products in mass pro-

duction;

increased storage time;

most uniform distribution of very small coated particles

in the gastrointestinal tract or other parts of the organism.

Drug nanocrystals. Nanosized forms of drugs are of

definite interest. Many drugs with low bioavailability indica-

tors are known today [54]. Therefore, preparation of wa-

ter-soluble drug forms with properties suitable for clinical

use is currently the main focus for drug development. The

resolution of this problem is a critical task for applied phar-

macology. Several approaches have been used to overcome

these problems. One of them is the fabrication of suparmole-

cular complexes, in particular complexes of drugs with

cyclodextrins [55, 56]. Studies of cyclodextrins have been

concentrated on the fabrication of complexes with greater

solubility and simultaneously decreased side effects [56]. An

approach comprising smaller crystalline drugs and transfor-

mation of relatively crude drug particles into crystals of mi-

crometer size with an average diameter in the range of

2 – 5 �m and a corresponding size distribution between

about 0.1 and 20 �m was also proposed. In this instance the

increased surface area results in increased drug solubility.

However, there are currently many new drugs with unsatis-

factory biodistribution indicators, even those with crystals of

micrometer size. Thus, an approach that decreases the drug

size to the nanometer level seems promising. For example,

the total surface area increases 10 times if the size of a spher-

ical drug particle is decreased from 50 to 5 �m. Decreasing

the particle size to 500 nm increases the surface area by 100

times. This causes the drug to be more soluble. Nanosized

drug particles can be prepared also for drugs that are very

soluble in water. For example, an aqueous suspension of

Paclitaxel prepared from nanocrystals was stable for 4 years

at 4�C. On the other hand, the Paclitaxel concentration in an

aqueous solution decreased to 80% within 25 min [57, 58].

Several nanosized drugs are currently available on the phar-

maceutical market. In particular, coated Rapamune tablets

are a more convenient form for practical use than its solution.

The bioavailability of the tablet form is 27% greater than that

of its solution [57].

It can also be proposed that nanosized drug forms them-

selves can act as agents for targeted delivery. In analogy with

nanocapsules and nanoparticles for drug delivery, it can be

concluded that treatment of drug surfaces with adjuvants will

impart to them the required properties. In particular, treat-

ment of a surface with polysorbate-80 should provide tar-

geted delivery of a drug to the CNS.

Liposomes. The ability of liposomes to incorporate a va-

riety of compounds without limitations on their chemical na-

ture, properties, and sizes provides truly unique capabilities

for solving several medical problems. Inclusion of drugs in

liposomes can increase significantly their therapeutic effec-

tiveness because, on one hand, the preparation located in the

liposome is protected by its membrane from the effect of de-

structive factors and, on the other, this same membrane pre-

vents a toxic preparation from exceeding the allowable con-

centration in biological fluids of the organism. In this in-

stance, the liposome acts as a reservoir from which the

preparation is gradually released in the necessary doses and

in the required time interval [59 – 61].

From the viewpoint of biological compability, liposomes

are ideal drug carriers. They are constructed from natural

lipids. Therefore, they are nontoxic, do not elicit undesirable

immune responses, and are biodegradable. However, the sit-

uation with therapeutic application of liposomes is not as

simple as desired. Liposomes are not stable enough in blood

and are rapidly eliminated from circulation by RES cells.

Thus, the natural function of macrophages on liposomes

can be used to activate them. This is important in the battle

with viral, bacterial, and fungal infections. The fact that

168 G. V. Nazarov et al.



liposomes are not accumulated by organs such as the heart,

kidneys, brain, and CNS cells can significantly decrease the

cardiotoxicity, nephrotoxicity, and neurotoxicity of valuable

preparations used for anticancer therapy by using liposomal

drug forms. The problem of drug delivery to the required tar-

get can be solved by local administration of liposomal prepa-

rations, as was done for anti-arthritic preparations and prepa-

rations for treating respiratory syndrome of newborns and

asthmatics. Furthermore, conjugation to liposome surfaces of

molecules specific for target cells (for example, immunoglo-

bulins) can in certain instances be effective for targeted deli-

very of anticancer, anti-infectious, and anti-inflammatory

preparations.

Modification of the liposome surface, in particular, cova-

lent conjugation of the synthetic polymer polyethyleneglycol

(PEG), can increase significantly the circulation time of

liposomes [62]. It was proposed that the strongly hydrated

polymeric coating hinders adsorption of antibodies and other

protective proteins on the surface of such liposomes. As a re-

sult, macrophages do not recognize them as foreign particles

subject to removal. Animal experiments showed that the

therapeutic action of antitumor preparations was unusually

strengthened and in certain instances led to complete remis-

sion if they were incorporated into stealth liposomes. The

size of metastases was greatly reduced in malignant tumors

[59, 62]. Several liposomal preparations have been success-

fully used in the clinic (Table 3) [59].

Practical results that were achieved with liposomal forms

of many drugs in the 1980s and 1990s prompted further clin-

ical investigations. For example, life extension was observed

after use of the antitumor preparation doxorubicin incorpo-

rated into pegylated liposomes to treat metastatic breast can-

cer patients. Positive results were obtained for combinational

therapy consisting of doxil and cisplatin, mycet and

paclitaxel, or kelix and carboplatin. Clinical investigations

showed a significant result for therapy of skin T-cell lym-

phoma and sarcoma by DR in pegylated liposomes compared

with the free drug [59].

Thus, it can be concluded that studies of nanosized drugs

are timely and have definite practical significance for discov-

ering new highly effective drugs using nanosized carriers

that are structurally related to fullerenes, nanoparticles,

dendrimers, and nano- and microcapsules.

ACKNOWLEDGMENTS

The work was carried out under the auspices of the Fed-

eral Targeted Scientific-Technical Program Research and De-

velopment on Priority Areas for Development of the Scien-

tific-Technical Complex of Russia in 2007 – 2012, priority

area “Living systems.”

REFERENCES

1. Yu. M. Evdokimov, Ross. Nanotekhnol., 1, No. 1, 256 – 264

(2006).

2. J. H. Thrall, Radiology, 230, 315 – 318 (2004).

3. K. Bogunia-Kubik and M. Sugisaka, Biosystems, 65, 123 – 138

(2002).

4. S. E. McNeil, J. Leukocyte Biol., 78, 585 – 594 (2005).

5. J. C. Olivier, NeuroRx: J. Am. Soc. Exp. NeuroTherapeutics, 2,

108 – 119 (2005).

6. A. A. Vertegel, R. W. Siegel, and J. S. Dordick, Langmuir, 20,

6800 – 6807 (2004).

7. V. I. Teichberg, Proc. Natl. Acad. Sci. USA, 104(18),

7315 – 7316 (2007).

8. J. K. Vasir, M. K. Reddy, and V. D. Labhasetwar, Curr.

Nanosci., 1, 47 – 64 (2005).

9. S. M. Moghimi, A. C. Hunter, and J. C. Murray, Pharm. Rev.,

53(2), 283 – 318 (2001).

10. P. Borm, F. C. Klaessig, T. D. Landry, et al., Toxicol. Sci., 90(1),

23 – 32 (2006).

11. O. Kayser, A. Lemke, and N. Hernandez-Trejo, Curr. Pharm.

Biotechnol., 6, 3 – 5 (2005).

12. R. F. Schinazi, R. Sijbesma, G. Srdanov, et al., Antimicrob.

Agents Chemother., 37, 1707 – 1710 (1993).

13. K. Kostarelos, Nanomedicine, 1(1), 1 – 3 (2006).

14. S. Gelperina, K. Kisich, M. D. Iseman, et al., Am. J. Respir.

Crit. Care Med., 172(12), 1487 – 1490 (2005).

Nanosized Forms of Drugs 169

TABLE 3. Liposomal Drugs Allowed for Clinical Use [53]

Preparation name Manufacturer Active drug Indication

AmBisome�AmBisome Gilead (NeXstar) Amphotericin B Fungal infections

ABELCET�ABELCET Gilead (NeXstar) Amphotericin B Fungal infections

DaunoXome Gilead (NeXstar) Daunorubicin Kaposi’s sarcoma

Doxil�Doxil Alza (Sequus) Doxorubicin Kaposi’s sarcoma, ovarian cancer, recurrent

breast cancerCaelyx�Caelyx SCHERING-PLOUGH

Myocet�Myocet Elan (TLC) Doxorubicin Recurrent breast cancer

Altragen�Altragen – Retinoic acid Acute myeloid leukemia, non-Hodgkins lym-

phoma, Kaposi’s sarcoma, renal cell carci-

noma

Nyotran�Nyotran – Nystatin Fungal infections

NX211 – Lurtotecan�Lurtotecan Ovarian cancer

Annamycin Doxorubicin-resistant tumors



15. K. A. Witt and P. D. Thomas, Am. Assoc. Pharm. Sci. J., 8(1),

76 – 88 (2006).

16. S. S. Davis and L. Illum, Int. J. Pharm., 176, 1 – 8 (1998).

17. A. Asthana, A. S. Chauhan, P. V. Diwan, et al., AAPS

PharmSciTech, 6(3), 536 – 542 (2005).

18. P. Couvreur, G. Barratt, E. Fattal, et al., Crit. Rev. Ther. Drug

Carrier Syst., 19, 99 – 134 (2002).

19. E. Oberdorster, Environ. Health Perspect., 112, 1058 – 1062

(2004).

20. K. Krauel, T. Pitaksuteepong, N. M. Davies, et al., Am. J. Drug

Deliv., 4(2), 251 – 259 (2004).

21. L. H. Reddy and R. S. R. Murthy, Biomed. Pap., 148(2),

161 – 166 (2004).

22. S. M. Moghimi, A. C. Hunter, and J. C. Murray, FASEB J.,

19(3), 311 – 330 (2005).

23. E. S. Severin and A. V. Rodina, Usp. Biol. Khim., 46, 43 – 64

(2006).

24. A. E. Gulyaev, S. E. Gelperina, I. N. Skidan, et al., Pharm.

Res., 16, 1564 – 1569 (1999).

25. J. Kreuter, P. Ramge, V. Petrov, et al., Pharm. Res., 20,

409 – 416 (2003).

26. F. Moussa, P. Chreiten, P. Dubois, et al., Fullerene Sci. Technol.,

3, 333 – 342 (1995).

27. N. Charbi, M. Pressac, M. Hadchouel, et al., Nano Lett., 5,

2578 – 2585 (2005).

28. W. A. Scrivens, J. M. Tour, K. E. Creek, et al., J. Am. Chem.

Soc., 116, 4517 – 4518 (1994).

29. R. G. Alargova, S. Deguchi, and K. Tsujii, J. Am. Chem. Soc.,

123, 10460 – 10467 (2001).

30. S. Deguchi, R. G. Alargova, and K. Tsujii, Langmuir, 17,

6013 – 6017 (2001).

31. I. D. Fortner, D. Y. Lyon, C. M. Sayes, et al., Environ. Sci.

Technol., 39, 4307 – 4316 (2005).

32. G. V. Andrievsky, M. V. Kosevich, O. M. Vovk, et al., J. Chem.

Sco. Chem. Commun., No. 12, 1281 – 1282 (1995).

33. J. Labille, J. Brant, F. Villieras, et al., Fullerenes, Nanotubes,

Carbon Nanostruct., 14, 307 – 314 (2006).

34. E. Oberdorster, S. Zhu, T. M. Blickley, et al., Carbon, 44,

1112 – 1120 (2006).

35. L. B. Piotrovskii and O. I. Kiselev, Fullerenes in Biology [in

Russian], OOO Izd. ROSTOK, St. Petersburg (2006).

36. T. Mashino, K. Shimotohno, N. Ikegami, et al., Bioorg. Med.

Chem. Lett., 15, 1107 – 1109 (2005).

37. T. Mashino, D. Nishikawa, K. Takahashi, et al., Bioorg. Med.

Chem. Lett., 13, 4395 – 4397 (2003).

38. G. L. Marcorin, T. Da Ros, S. Castellano, et al., Org. Lett.,

2(25), 3955 – 3958 (2000).

39. S. Bosi, L. Feruglio, T. Da Ros, et al., J. Med. Chem., 47(27),

6711 – 6715 (2004).

40. D. A. Tomalia, H. Baker, J. Dewald, et al., Polym. J., 17(1),

117 – 132 (1985).

41. G. R. Newkome, V. K. Gupta, G. R. Baker, et al., J. Org. Chem.,

50, 2003 – 2005 (1985).

42. A. M. Muzafarov, E. A. Rebrov, and V. S. Papkov, Usp. Khim.,

60(7), 1596 – 1612 (1991).

43. S. Lebreton, S. Monaghan, and M. Bradley, Aldrichimica Acta,

34(3), 75 – 83 (2001).

44. D. Bhadra, S. Bhadra, S. Jain, et al., Int. J. Pharm., 257,

111 – 124 (2003).

45. W. A. Freeman, W. L. Mock, and N. Y. Shih, J. Am. Chem.

Soc., 103, 7367 – 7368 (1981).

46. A. E. Beezer, A. S. H. King, I. K. Martin, et al., Tetrahedron,

59, 3873 – 3880 (2003).

47. A. K. Patri, I. J. Majoros, and J. R. Bake, Curr. Opin. Chem.

Biol., No. 6, 466 – 471 (2002).

48. W. Meier, Chem. Soc. Rev., 29, 295 – 303 (2000).

49. I. Roy, T. Y. Ohulchanskyy, H. E. Pudavar, et al., J. Am. Chem.

Soc., 125, 7860 – 7865 (2003).

50. J. E. Vandegaer, ed., Microencapsulation, Process and Applica-

tion, Plenum Press, New York, London (1974).

51. V. D. Solodovnik, Microencapsulation [in Russian], Khimiya,

Moscow (1980).

52. R. Alshady, ed., Microspheres, Microcapsules and Liposomes,

MML-series, Vol. 1, 2, Citus Books, London (1999).

53. M. S. Vilesova, N. I. Aizenshtadt, M. S. Bosenko, et al., Zh.

Ross. Khim. Ob’va im. D. I. Mendeleeva, No. 5 – 6, 1 – 10

(2001).

54. E. Merisko-Liversidge, in: Particles, J. Marty, ed., Marcel

Dekker, Orlando (2002).

55. K. Uekama, Chem. Pharm. Bull., 52(8), 900 – 915 (2004).

56. A. V. Astakhov and N. B. Demin, Khim.-farm. Zh., 38(2),

46 – 49 (2004).

57. R. H. Muller, J. M. Schwitzer, and F. N. Bushrab, in:

Nanoparticle Technology for Drug Delivery, R. P. Gupta, ed.,

Taylor & Francis Group, New York (2006), pp. 21 – 52.

58. F. Troester, Controlled Release Society 31st Annual Meeting,

Honolulu (2004).

59. E. V. Tolcheva and N. A. Oborotova, et al., Ross. Bioter. Zh., 5,

54 – 61 (2006).

60. A. P. Kaplun, L. B. Shon, Yu. M. Krasnopol�skii, et al., Vopr.

Med. Khim., 54, 3 – 12 (1999).

61. D. D. Lasic, Liposomes: From Physics to Applications,

Elsevier, Amsterdam (1993).

62. L. I. Barsukov, Soros. Obraz. Zh., No. 10, 2 – 9 (1998).

170 G. V. Nazarov et al.




