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The clinical experiences has led to conclusion that the current oral and intravenous therapies,
albeit effective, have significant have significant short- and long-term adverse reactions that often
limit use. An alternative approach is inhalation delivery of therapeutic agents. The respiratory
system provides entry for the drug nanoparticles to cure both pulmonary and systemic diseases.
The modern devices which are available on the market of therapeutic aerosol delivery systems
have a number of disadvantages. Thus, there remains a need for an alternative means that is low

cost, convenient, and capable of producing small-sized particles.
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Nanotechnology creates new possibilities to make dramatic improvements to our lives. Over the
past years, nanotechnology has moved dramatically from the lab into the marketplace. Today,
there are hundreds items of nanoproducts in the commercial market. The global production rate
for the engineered nanomaterials was about 2500 tonnes per year in 2007 and the production rate
will increase by an order of magnitude during the next 5 - 6 years [1]. The potential of nano to
contribute positively to society is hard to exaggerate, but the opposite side of the coin is the
potential health and environmental problems that might be caused by nano. It is shown that by
different research groups that nanoparticles being inhaled can result in a serious health problems.
Inhalation of Carbon Nanotubes can bring to the respiration disorder [2]. In some cases the
inhalation of nanoparticles can bring to the death [3]. Nanoparticles when inhaled can enter the
bloodstream and affect the central nervous system [4]. The rapidly developing field of
nanotechnology is likely to become yet another source for human exposures to engineered
nanoparticles. However, for the most manufactured nanoparticles no toxicity data are available.
The possible harm from nanoparticles is threatening to slow the development of nanotechnology
unless sound, independent and authoritative information is developed on what the risks are, and

how to avoid them [5].
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Gold is one of the most biocompatible metals. Gold nanoparticles (GNPs) are nontoxic to
cultured cells; however, when injected, they brought lethal effect to mice [18-33]. We synthesized
GNPs with diameters ranging from 100 nm down to 3 nm according to the published procedure
[34-35]. Synthesis of GNP was monitored by UV absorbance, and the size was examined by
electron microscopy. The purified GNPs were injected intraperitoneally into BALB/C mice at a
dose of 8 mg/kg per week. Mice injected with 100 nm and 50 nm GNPs behaved normally and
survived throughout the experimental period. Mice injected with 37 nm, 17 nm, 12 nm, and 8 nm
GNPs exhibited poisoned symptoms. The treated animals showed fatigue, loss of appetite, change
of fur color, and weight loss. There was a dramatic difference in the fur color of GNP-treated
mice compared to normal group, typically brownish. The skin underneath had minor rashes,
bruising, and hemorrhaging. Starting from day 14, mice injected with 8-37 nm GNPs
significantly showed a camel-like back and crooked spine. The majority of mice in these groups
died before the end of fourth week. The median survival time, defined as the length of time when
half the mice died, was approximately 21 days for mice injected with 8-37 nm GNPs. Injection of
5 nm and 3 nm GNPs, however, did not induce abnormality or lethality in mice. The seemingly

safe GNPs exhibited a danger zone from 8 nm to 37 nm (Fig. 1).

Pathological examination indicated an increase of Kupffer cells in liver [37], loss of structural
integrity in lung, and diffusion of white pulp in spleen for the GNP-treated mice. The presence of
GNP in the diseased tissues was verified by ex vivo Coherent anti-Stoke Raman scattering
(CARS) microscopy [36]. The danger zone of GNPs will serve as an important parameter when

employing GNP as a vehicle for drug delivery.

On the other hand, in the treatment of disease the nanoparticle inhalation represents a
valuable way by which a therapeutic agent may be delivered to the human body. The
administration of drugs directly into the respiratory tract has been used in a number of therapeutic

areas. The field for aerosolized drug application includes treatment of lung diseases, like asthma,
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chronic obstructive pulmonary disease, cystic fibrosis and lung cancer. The aerosol delivery has
expanded also into the field of systemic drug delivery [6]. One of the examples of the expanding
role of aerosol therapy is the development of insulin as an aerosol to treat diabetes [7, 8] The
optimal target within the lungs for delivery of drugs to the systemic circulation is the alveolar
region. For rapid delivery, the alveolar drug administration has a number of advantages including
the large absorptive surface area, easy permeability of the alveolar walls resulting in the fast
passage from the alveolar airspace to the pulmonary capillary bed, direct connection between the
pulmonary circulation and the systemic circulation. The modern devices which are available on
the market of therapeutic aerosol delivery systems can be subdivided into three groups which
include nebulizers, dose-metering inhaler systems and dry powder inhalers. The total lung
deposition efficiency for these systems normally does not exceed 10%. All these devices are able
to generate the particles as small as a few microns in diameter. However, the alveolar deposition
efficiency is a strong function of the particle size. The particles of size 10 to 20 nm deposit to the

alveolar region about 4 times more efficiently than those several microns in diameter [9]. .

The possible alternative to nebulizers, metered-dose and dry powder inhalers is nucleation from
supersaturated vapor (evaporation - condensation route [10, 11]) which combines the possibility
to generate a fine aerosol with the particle diameter 1 to 100 nm and the number concentration as
high as 108 cm-3 [12]. The problem is that the evaporating substance must be thermally stable.
Besides, different formulations require different heating profiles. This way of aerosol delivering

is waiting for the detailed investigation.

Approximately one-third of the modern drugs are water-insoluble or poorly water-soluble. Many
currently available injectable formulations of such drugs can cause side effects that originate
from detergents and other agents used for their solubilization. Besides, water-solubility problems
delay or completely block the development of many new drugs and other biologically useful
compounds. Thus, the lung deposition route can be a good alternative for the administration of

poorly soluble substances. Indomethacin, which has low water solubility of 25 mg/l, is one of the



candidates considered for the lung delivery. Indomethacin is a well-known non-steroid
anti-inflammatory drug for use against a wide range of diseases such as rheumatoid arthritis,
spondylosis, chondrosis. However, its side effects can cause serious disorders such as bleeding
and perforation of gastrointestinal tract, depression, drowse, mental disorder, increased blood
pressure, congestive heart failure etc. One may hope that the aerosol lung administration of
indomethacin may be an alternative route which would diminish side effects and decrease the
therapeutic dose. However, new side effects like pulmonary emphysema are possible. Therefore,
it is necessary to estimate the therapeutic effect as well as lung damage of indomethacin aerosol

administration.
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A harm effect from Zn and Bi nanoparticles inhaled by male mice will be studied.

1) The particle flow evaporation-nucleation generators will be built for Zn and Bi nanoparticles.
The dependency of particle mean diameter and number concentration on operational conditions
(inert gas flow rate, evaporation temperature) will be studied to find the optimal regimes for

toxicology experiments with mice.

2) The inhalation mice cameras will be constructed (basing on the previous experimental

experience).

3) The particle lung deposition efficiency will be determined as a function of mean particle

diameter.

4) The mice tidal volume and respiration frequency will be determined as a function of the

inhalation doze.
5) The lungs histology analysis will be made for different inhalation doses.

6) Correlation between oxidative stress and different sizes of gold nanoparticles using lung cells
5



as model system will be studied by observing reactive oxygen species using TBARS.

7) The size-dependent oxidation will be studied by real-time RT-PCR using primer pairs against

oxidative enzymes, such as SOD, HO, and interleukins.

8) ICP-MS to characterize and quantify gold nanoparticles in the cells and organs.

9) Macrophage as model system for endocytosis of gold nanoparticles.

Fig. (1). An isolated neuron of Lymnaea stagnalis with microtools: microelectrode for recording
membrane potential and micropipette for local application of ligand solutions. There are
microelectrode inserted into the neuron (to the left of the cell) and the closely positioned

micropipette (to the right of the cell). Scale bar — 5 mm.
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Fig. (2). Averaged changes in calcium current amplitude induced by action and washout of

blockers within a group of neurons (12 cells in each group).

1. changes if amplitude of calcium currents induced by Nifedipine.

2. changes if amplitude of calcium currents induced by Nifedipine clathrate with glycyrrhizic
acid.Upward arrows show start point of the blocker action. Downward arrows show start point of
blockers washout. X axis set as time in minutes. Y axis set as an amplitude of incoming current in
PA.

Table 1. Solubility of the NF:GA 1:4.

Saturated water solution Solubility of nifedipine
in water
Nifedipine 0.18 g/l
Complex (After 10 min 1.53 g/1 (solubility of
processing in AGO-2 nifedipine in water
planetary grinder) increases 8.5 times)

Comparing the action of Nifedipine and the action of its clathrate with glycyrrhizic acid on
isolated neurons of Lymnaea stagnalis mollusc we can conclude that clathrate reveals more

affinity to receptors than basic pharmacon. This conclusion agrees with previously ascertained
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property of pharmacon complexed in clathrate to manifest basic pharmacological activity at
smaller dose. Hence, the origin of effect of glycoside clathration is determined by prolongation of

interaction between receptor and clathrate.

Table 2. The effect of intravenous admimistration of
NF:GK 1:4 on arterial blood pressure in Wistar rats.

Effect Changes
(decrease in systolic
of arterial Initial l_JlODﬂ
blood systolic pressure
Agent DD“: pressure in blood . -
(mg/ % of pressure response
ke) initial (nmHg) 'O 3gent
blood adm?nlstr
pressure) ation
(munHg)
o ge 121.0=  85.0=4.3
q
Nifedipine 3.5 30 6.6 (p=0.05)
Complex L 104.0=
(0.35mgof 3.5 26 14:]1 é}_ 4.3
nifidepine) o (p=<0.05)
115.0=
Nifedipine 035 9 1442'5— 22
: (p<0.05)
Glycyrrhizic 126.5« 129.6=
cid 3.2 no effect 13 20

Table 3. The effect of intravenous
administration of NF:GA 1:4 on arterial blood
pressure in ISTAH rats.

Effect Changes of
(decrease =
P systolic
copial Initial blood
D ﬂ]zle“il systalic pressure in
Agent s a0 response to
A I(lrc::L p:'eS::re bload
kg}l ey £ pressure agent
oo (mmHg) administrat
initial ion
hlood
pressure) (mmFg
o e 192.0+ 127.0+6.0
Nifedipine 3.5 34
P 4.0 (p<0.05)
Complex -
q
©35mgof 35 28 18)0F 1(29{'33‘;}1
nifedipine) ' P




Complexation of glycyrrhizic acid with poorly water-soluble drugs has great potential for
pharmaceutical technology and pharmaceutical dosage form design. In the NF:GA (1:4) complex
solubility of nifedipine in water solutions increased to 8.5 times, effective dosage of nifedipine
decreased to 10 times and pleiotropic antiarrhythmic effect obtained in very low dose of
nifedipine. These effects may be explained by the GA protection of drug molecule from

metabolism and prolonged drug-receptor interactions
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[aﬁ'[f;?ﬁ f'E[aﬁ'?fﬁI%ﬁﬁ%f ,?; Russia-Taiwan Research Cooperation
We are planning going to your institute for a visit in this year. Professor Tsai suggested that May
is a good month to go. So, we were targeting May for the first approximation.

Although there was only few communications between us, we preceded experiments
regarding to the toxicity of gold nanoparticles and nano-surface using cultured lung cells as
working model. There have been some interesting results. Maybe we could exchange our findings
when we meet.

Our lab is focusing on the biocompatibility of nanostructures, including nanoparticles and
nano-surface. The overall goal is to understand the biocompatability of nanostructure at the
molecular and cellular level. And, if possible, apply these rules and make use of nanostructures in
medicine, especially in artificial implants and drug delivery.

Background. Aerosol lung administration is a convenient way to deliver water-insoluble or poorly
soluble drugs, provided that small-sized particles are generated. Here for the outbred male mice
we show that the pulmonary administration of ibuprofen nanoparticles requires a dose which is 3
to 5 orders of magnitude less than that for the orally delivered particles at the same analgesic
effect.

Methods. The aerosol evaporation - condensation generator consisted of a horizontal cylindrical
quartz tube with an outer heater. Argon flow was supplied to the inlet and aerosol was formed at
the outlet. The particle mean diameter and number concentration varied from 10 to 100 nm and
103 — 107 cm™, respectively. The analgesic action and side pulmonary effects caused by the

inhalation of ibuprofen nanoparticles were investigated. The chemical composition of aerosol
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particles was shown to be identical with the maternal drug. Using the nose-only exposure

chambers, the mice lung deposition efficiency was evaluated as a function of the particle diameter.

The dose-dependent analgesic effect of aerosolized ibuprofen was studied in comparison with the

oral treatment.

Results and conclusions. It was found that the dose for aerosol treatment is three to five orders of

magnitude less than that required for oral treatment at the same analgesic effect. Accompanying

effects were moderate venous hyperemia and some emphysematous signs.

The analgesic action and side pulmonary effects caused by the inhalation of ibuprofen

nanoparticles 10 - 100 nm in diameter were investigated. The nanoparticles were formed by the

evaporation - condensation route. The chromatographic and UV analysis showed that the aerosol

particles were chemically identical to the maternal substance (i.e. there was no thermal

decomposition or oxidation during evaporation). The X-ray diffraction analysis showed that the

nanoparticle crystal phase (racemic ibuprofen) was identical to that of the original ibuprofen

powder.

Using the nose-only exposure chambers, the mice lung deposition efficiency was

evaluated as a function of the particle diameter changing from about unity at d = 10 nm to about

0.2 at d = 100 nm.

The dose-dependent effect of aerosolized ibuprofen was studied in comparison with the

oral treatment. It was found that aerosol administration is much more effective than the oral

delivery; thus, the aerosol treatment needs the dose a three to five orders of magnitude less than

the oral one at the same analgesic effect. From _ 25/04/2009 To _ 02/05 /2009
12




