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Pharmaceutical Industry and Green Chemistry:
New Developments in the Application of Green
Principles and Sustainability

Athanasios Valavanidis* and Thomais Vlachogianni

Department of Chemistry, Faculty of Natural Sciences, University of Athens,

Summary

“Green or Sustainable Chemistry” and “Green
Engineering” are now universally accepted as
terms to describe the movement towards more
environmentally acceptable chemical processes and
industrial products. In the last decade the most
important chemical industries have been influenced
by Green Chemistry and Green Engineering
principles. The changes introduced in the chemical
industry towards “greener” raw materials, alternative
organic synthetic methods, biocatalysis, less use of
toxic organic solvents, higher yields and less waste,
focused primarily on the economy of industrial
processes, but also on the protection of workers
and consumers and minimization of environmental
pollution. The pharmaceutical industry is very
responsive to these “greener” industrial alternatives.
Drug manufacturing industries look towards lowered
regulatory risk, smaller environmental footprint and
manufacturing technologies with green credentials.
They would like to promote an environmentally
friendly “image” and responsibility towards modern
society. The pharmaceutical industry is embracing
more and more “green” processes and innovative
technology operations. The research departments
of many big drug manufacturers in the developed
countries are advancing new “green” methodologies,
biocatalysis reactions, less solvents and cuts in waste
production, and at the same time introduced safety
and health regulations to protect their workers. Safety,
Efficiency, Reliability and Economy are the four
pillars of change and their promotion is considered
as a competitive advantage. In this paper we present
a comprehensive review of the latest trends in the
pharmaceutical industry in promoting and applying
the fundamental principles of Green Chemistry and
Green Engineering for sustainable development

University Campus Zografou, 15784 Athens, Greece

Key words: Pharmaceutical industry, green
chemistry, green engineering, toxic solvents,
biocatalysis, waste reduction, new synthetic routes

Introduction. Can the Pharmaceutical
Industry Embrace Green Chemistry?

Although the seeds of “Green and Sustainable
Chemistry” and “Green Engineering” have been
around forsome time, the collaborative efforts (between
industry, academia, government and environmental
groups) were lacking. This collaboration was initiated
20 years ago and encouraged new manufacturing
principles and marketing of commercially successful
green and sustainable products. Industry, academic
institutions (universities and research institutes) and
governments teamed up to find new solutions to old
problems, not only in manufacture but also for safer
consumer products. The goals were obvious, initiating
and promoting the collective know-how and deliver
technological advances with better financial cost. But at
the same time showing that “green’ products are better
investment for a sustainable future. The most important
aim in the present period towards sustainability is
to minimise the use of valuable natural resources
(energy, water etc) of the planet and facilitated the
cooperation of all stakeholders with green innovations
and environmentally benign products.'? .

The Pharmaceutical industry is the most dynamic
part of the chemical industry. It is in the forefront
for big changes towards “greener” feedstocks, safer
solvents, alternative processes and innovative ideas.
All these changes will increase the environmental
credentials of the pharmaceutical industry, but at the
same time will cut down cost and materials for the
manufacturing operations making a step in the right
direction of sustainability.*’

* Corresponding author: Athanasios Valavanidis. e-mail: valavanidis@chem.uoa.gr



The pharmaceutical industry for years was
embracing more and more “green” processes and
technology operations. The research departments of
manybigdrugmanufacturersinthe developed countries
made many advances for new methodologies, better
biocatalysis reactions, less solvents and cuts in waste
production. Researchers noticed that it took several
years for pharmaceutical companies to translate green
principles into measurable goals for environmental
sound research, development and production.

Among industrial enterprises drug manufacturers
introduced rigorous safety and health regulations to
protect their workers and environmental criteria for
their products. Safety, Efficiency, Reliability and
Economy are the four pillars of change and their
promotion is considered as a competitive advantage,
better environmental credentials and economical
benefits.%’

Global Trends for the Pharmaceutical
Industry in the Last Decade

The global spending on prescription drugs has
increased substantially the last decade. In 2006, global
spending on prescription drugs topped $643 billion,
even as growth slowed down in Europe and North
America. Statistical data showed that the United

States of America (USA) accounts for almost half of
the global pharmaceutical market, with $289 billion in
annual sales followed by the EU and Japan. Emerging
markets such as China, Russia, South Korea and
Mexico outpaced that market, growing at a huge 81%.
All pharmaceutical industries showed a positive profit
growth (4-6%). In 2010 the global pharmaceutical
market was worth $825 billions. In the annual Fortune
500 survey, the pharmaceutical industry topped the list
of the most profitable industries, with a return of 17%
on revenue. It is well known that the pharmaceutical
industry invests heavily on research for new drugs. In
2009, it contributed for research, development and
investment $66.3 billions. &

*'-. : 'y l \ = s

Figure 1. Drug manufacturing is the most profitable
chemical industry

TABLE 1. MAJOR PHARMACEUTICAL COMPANIES (ANNUAL FOR 2004).

Revenue of Share of
Company HQ location p ha::gl;c::t?cal Tot%g?)lei?)mln phsz::rmaceutical
min USD ($) e

Pfizer NY, U.S. 46,133 52,516 87.85%
GlaxoSmithKline UK 31,434 37,324 84.22%
Johnson & Johnson NJ, U.S. 22,190 47,348 46.87%
Merck NJ, U.S. 21,494 22,939 93.70%
AstraZeneca UK 21,426 21,426 100.00%
Novartis Switzerland 18,497 28,247 65.48%
Sanofi-Aventis France 17,861 18,711 95.46%
Roche Switzerland 17,460 25,168 69.37%
Bristol-Myers Squibb NY, U.S. 15,482 19,380 79.89%
Wyeth NJ, U.S. 13,964 17,358 80.45%
Abbott IL, U.S. 13,600 19,680 69.11%
Eli Lilly IN, U.S. 13,059 13,858 94.23%
Takeda Japan 8,648 10,046 86.09%
Schering-Plough NJ, U.S. 6,417 8,272 77.57%
Bayer Germany 5,458 37,013 14.75%
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The cholesterol drug Lipitor (Pfizer) remains a
best-selling drug worldwide with annual sales at $§12.9
billion. Second drug with around $6 billion sales was
Plavix (blood thinner from Bristol-Myers Squibb and
Sanofi-Aventis). Third is Nexium (AstraZeneca),
the heartburn pill and fourth the drug Advair, the
asthma inhaler, from GlaxoSmithKline. IMS Health
publishes annual analysis of trends expected in the
pharmaceutical industry, including increasing profits
in most sectors despite loss of some patents, and new
‘blockbuster’ drugs on the horizon.'*!!

The countries that have the largest number of
big pharmaceutical industries are USA, Germany,
UK, Japan and France (The Global Magazine
of the Pharmaceutical and Biopharmaceutical
Industry, www.pharma-mag.com). In all these
countries the promotion of Green Chemistry
and Green Engineering applications has been
advanced in recent years and supported strongly by
governmental, scientific and industrial initiatives.
The pharmaceutical industry strives to keep in the
forefront of the manufacturers which apply most of
the “green” innovations and make its products safer
for workers and consumers.'?

I 2. Minimize potential
for accidents

I 1. Analyze in real time

to prevent pollution

10. Design
chemicals and
products to
degrade after use

N1

The pharmaceutical industry for many decades
was characterised for its intensive use of many
petrochemical starting materials, conventional
synthetic routes, high energy requirements, high use
of organic solvents for separation and purification,
and production of high volume waste. Also, it was
known that drug manufacturers produced more waste
per Kg of product than other chemical industries
(petrochemical, bulk & fine chemicals, polymer,
etc). The pharmaceutical industry produces, for 6-8
steps organic synthetic routes, 25-100 kg of waste for
every one Kg of product. This was considered for a
long time as very high and wasteful."

The pharmaceutical industry depended on
organic synthetic processes and used a variety of
organic solvents. A big pharmaceutical company,
such as GlaxoSmithKline (GSK, UK), for example,
uses large amounts of solvents and its non-water
liquid waste contain 85-90% organic solvents.'*'

Green Chemistry and Engineering
Applications in Drug Manufacturing

Green Chemistry and Green Engineering
applications in the synthetic steps of manufacturing

I. Prevent waste

2. Maximize atom
economy

3. Less hazardous
chemical syntheses

- 4
-

GREEN
CHEMISTRY

4. Safer chemicals
and products

9. Use catalysts * 5. Safer solvents and
reaction conditions

8. Avoid chemical
derivatives
(protecting groups)

Anastas and Warner (1998)

7. Use renewable

6. Increase energy
efficiency

feedstocks

Figure 2. The 12 principles of Green Chemistry. The pharmaceutical industry feels that their commitment is both an
obligation and a significant opportunity to its environmental credibility (Anastas and Warner, 1998).%
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The 12 Principles of Green Engineering

. Green Chemisfry

. Prevention rather than treatment.

Design for separation.

Maximize mass, energy, space, and time efficiency.
“Qut-pulled” rather than “input-pushed”.

. View complexity as an invesiment.

_ Durability rather than immortality.

. Meed rather than excess.

. Minimize material diversity.

10. Integrate local material and energy flows.
11. Design for commercial “afteriife”.

12. Renewable and readily available.

Do~ ok W

Anastas and Zmmerman, Emvironmiental Science and Technology, March 1, 2003

Figure 3. The 12 Principles of Green Engineering can
apply to the pharmaceutical industries (Anastas and
Zimmerman, 2003)."

can be proved very important for the pharmaceutical
industryand canincrease its environmental credentials.
The 12 principles of Green Chemistry, followed by the
12 principles of Green Engineering are fundamental
steps that every manufacturing enterprise can apply.'®

The “image” of pharmaceutical manufacturers in
the last decades was suffering from the environmental
concerns of the consumers. The impact of pollution
on the quality of life was a universal concern in
industrialized countries. Sustainability problems
of natural resources, higher costs for energy
and feedstocks were a thorn on the side of the
manufacturing enterprises. In the other hand, new
technological advances gave drug manufacturers the
opportunity to embrace green chemistry ideas.

The investment for research and development
for new drugs was already very high, and despite the
numerous failures and drawbacks, drug enterprises
had very good return to their revenues. The
pharmaceutical enterprises recognized the need
to promote their environmental credentials and
to increase the efficiency of their manufacturing
processes. The Research and Development (R&D)
departments (with around worldwide total of 50-60
billions per year) of most pharmaceutical companies
used a larger percentage of their capital for
investment in research for “greener” synthetic routes,

New Priority

Competitive Advantage

Intent and Application

Environmental Stewardship

Synthetic Efficiency

Superior Methodology

Operational Transparency

Reduced Environmental Burden

Holistic Evaluation

Inspiration for Innovation

Figure 4. Schematic representation of the activities of pharmaceutical industries towards green chemistry principles
and better applications of green engineering methodologies (from Tucker J.L 2006) 7
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Figure 5. The Pharmaceutical manufacturers have some of the most advanced manufacturing technologies and very
high caliber scientific staff. Inevitable they are the most suitable for innovation, research and experimentation with new
and “greener” innovations

less solvents and less waste. It is estimated that the
discovery, research, clinical trials and distribution of
a new drug is valued at $70 million. It is inevitable
that pharmaceutical companies would like to invest
also in better synthetic efficiency, less toxic reagents
and solvents, and environmental protection.'”

Green Engineering is an additional advance in
Green Chemistry principles. The 12 principles of
Green Engineering provide guidance for designers
and engineers to optimize products, processes and
systems. GE is the design, commercialization and
use of processes and products that are feasible and
economical, while reducing pollution at the source
and minimizing the risk to human health and the
environment.

Green Chemistry and Green Engineering
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advanced new opportunities for the drug
manufacturers for innovative industrial operations.
A schematic presentation of new priorities for the
four main pillars (safety, efficiency, reliability and
economy) are presented below.

An additional problem with the pharmaceutical
companies is the new regulations for environmental
pollution of water sources, not only from industrial
waste, but also from traces of the drugs and medicinal
products released in the aqueous environment as
municipal liqluid waste. It has been found that low
concentrations of drugs and their metabolites pollute
rivers, lakes and coastal regions. Drugs are toxic
and higher concentrations affect aquatic organisms
(fish, benthic organisms). Nowadays, there is great
awareness that drugs pollute surface and drinking



waters. Pharmaceutical manufacturers are aware of
the facts and take very seriously the environmental
problems. It is hoped that future changes into
“greener” methods, less toxic reagents and solvents
and minimizing effluents and solid waste might alter
the extent of the problem."”® Also, drug recycling
and reduction of waste from households is considered
very important. *!

The potential of Pharmaceutical Green Chemistry
will only be realized if scientists are empowered
and rewarded based upon higher expectations of
efficiency. It is a competitive advantage to reduce
the cost of manufacture beyond mere acceptability,
and greener chemistry reduces cost.

Pharmaceutical Industry and the Use of
Solvents. Can they do Better?

Pharmaceutical industries are known for the use
large of amounts of solvents. Solvent use consistently
accounts for between 80 and 90% of mass utilization
in a typical pharmaceutical/fine chemicals (non-
polymer). Moreover, within these operations, solvents
play a dominant role in the overall toxicity profile of
any given process; i.e. on a mass basis, solvents account
for the largest proportion of chemicals of concern
used in the process. However, for the typical synthetic
organic chemist, solvents are just a medium in which a
reaction takes place; the interest is in the reactivity and
building of a molecule, not in the means by which this
is carried out. So, in a typical retrosynthetic analysis,
solvent and solvent-reactant interactions, separability,
and particle engineering are generally not included.
Green Chemistry puts enough emphasis on solvent
use and a case for greater awareness of solvent issues
in batch chemical operations typically found in the
pharmaceutical industry.?

The biggest pharmaceutical companies in the
USA manufacture more than 50% of drugs and
medicinal product worldwide. Studies showed that
U.S. pharmaceutical processes use large amounts of
organic solvents and their liquid waste is 85% non
aqueous. The reduction in the use of organic solvents
is an important issue in the pharmaceutical industry.
New organic synthetic routes with minimum of
“zero” solvents are in the research stage.”

The solvents which are lately more acceptable
for organic synthetic processes have low toxicity:
acetone (CH,COCH,), ethanol (CH,CH,OH),
methanol (CH,OH), 2-propanol (CH,CH(OH)CH,),
ethyl acetate (EtOAc), isopropyl acetate, methyl
ethyl ketone (CH,COCH,CH,), 1-butanol and tert-
butanol.

Solvents that are used for their ability to dissolve
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otherchemicals,despitetheirtoxicity,are:cyclohexane,
n-heptane, toluene, methylhexane, methyl t-butyl
ether, isooctane, acetonitrile, tetrahydrofuran
(THF), 2-methylTHF, dimethylsulfoxide (DMSO),
acetic acid and ethylene glycol.

Solvents that are been replaced in organic
syntheses because of their high toxicity are: pentane,
bis-isopropyl ether, diethyl ether, dichloromethane,
chloroform, dimethyl formamide (DMF), N-methyl-
2-pyrrolidone Pyridine, dimethylacetate, 1,4-dioxane,
benzene, carbon tetrachloride, trichloroethylene
(TCE). *

The pharmaceutical industry has initiated many
studies on the replacement of toxic solvents with
solvents that are benign to human health (especially
to their neurotoxicity and skin effects) and the
environment. %

The E factor is a simple metric of Green
Chemistry which can measure the efficiency of an
industry concerning solvents and waste (defined
and introduced by Roger A. Sheldon). The E-factor
calculation is defined by the ratio of the mass of
waste per unit of product:

E-factor = total waste (kg) / product (kg)

The Green Chemistry metric is very simple to
understand and to use. It highlights quantitatively
the waste produced in the process as opposed to
the reaction. It is one the 12 Principles of GC that
measures the waste production. The E-factors
ignore recyclable factors such as recycled solvents
and re-used catalysts, which obviously increases
the accuracy but ignores the energy involved in the
recovery. It is well known from industrial data that
the Pharmaceutical industry produces 25-100 kg of
waste per kg of products, compared to 0.1 kg for
the industry of oil refining, 1-5 kg in bulk chemicals
industry and 5-50 kg in fine chemicals industry. ¥

Pharmaceutical industries are in the forefront of
industrial enterprises which try to modernise their
manufacturing operations and reduce their waste
production.® New and innovative techniques are
developedforchemicalsynthesisatroomtemperature,
with ionic liquids, with the use of microwave and
sonochemical techniques, supercritical CO, and
biocatalysis.?* Also, the pharmaceutical industries
promote research in “green solvents” for more than
a decade. ¥

Solvents are very important for separation and
purification of drugs but their properties can change
under different conditions (temperature, pressure) A
slight change in the manufacturing process can also
influence the use of a certain solvent. Comparison



TABLE 2. SOLVENT USE (RANK) IN GSK IN 2005 AND IN THE PERIOD 1990-2000

Solvent 2005 (rank) 1990-2000 (rank)
2-propanol (+) 1 5

Ethyl acetate (+) 2 4
Methanol (+) 3 6
tetrahydrofuran (THF) (--) 6 2

toluene (--) 7 1
Dichloromethane (--) 8 3

acetic acid (+) 9 11
acetonitrile (4) 10 14

*Constable et al. Org Process Res Dev 2007.%

of solvent use in GlaxoSmithKline pharmaceutical
company (GSK) in pilot plant processes.

Toluene, THF and trichloromethane ranked 1-3
(in the 1990-200 period) of the most used solvents.
But in 2005 were replaced by other less toxic solvents
such as 2-propanol, ethyl acetate and methanol.
The pharmaceutical manufacturers have altered
many industrial processes, separation and
purification techniques for their drugs. Tailored
solvents and replacements have advanced “greener”
manufacturing techniques.*>
The pharmaceutical and
biocatalytic applications

industry

Enzymes were used for ages in food industries and
in the last decades enzymatic methodology was applied
to various organic synthetic routes. New catalytic
synthetic methods in organic chemistry that satisfy
increasingly stringent environmental constraints are
in great demand by the pharmaceutical and chemical
industries. In addition, novel catalytic procedures are
necessary to produce the emerging classes of organic
compounds that are becoming the targets of molecular
and biomedical research. Enzyme-catalysed chemical
transformations are now widely recognized as practical
alternatives to traditional (non-biological) organic
synthesis, and as convenient solutions to certain
intractable synthetic problems. After many years of
research the application of enzymes and biological
materials in the pharmaceutical manufacturing has
come to fruition and has become widespread in many
organic synthetic methods. %%

Biocatalysis has become a central issue of
Green Chemistry and the application in chemical
manufacturing can become very promising. Enzymes
(proteins) can accelerate a reaction, lower the use
of energy, use alternative starting materials, reduce
the use of solvents and the production of waste.
Enzymes are biomaterials that can biodegrade under
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environmental conditions. They are considered
alternative and renewable chemicals and their cost
is very low for application in the pharmaceutical
industries. The enzymes have the advantage to cut
down the number of steps in an organic reaction
and can produce clean products with no need for
purification.* 4!

The well known pharmaceutical industry Pfizer
has been experimenting for years with biocatalytic
reactions in their manufacturing processes of drugs.
Pfizer changed the process of an active substance,
called pregabalin, in their drug manufacturing. Is
the active ingredient of the medicine Lyrica (trade
name). Pregabalin (2003) is an anticonvulsant drug
used for neuropathic pain and as an adjunct therapy
for partial seizures. The drug has annual sales of
approximately, 1.8 billion $ (2007). The synthetic
route was conventional and used organic solvents.
After many years of research, in 2007 Pfizer used
enzymes for biocatalysis of the basic steps in the
synthesis, reducing by 90% the use of solvents and
by 50% the starting material. The E factor of the
synthesis was reduced from 86 to 9. It is estimated
that the company will reduce its industrial waste by
200.000 metric tones, compared to the old method, in
the period 2007-2020.4

There are many successful examples of biocatalysis
in the pharmaceutical industry. Pfizer synthesized the
antiparasitic drug Doramectin (under commercial,
trade name Dectomax). Changing into biocatalysis
in the synthesis increased efficiency of the reaction
by 40% and reduced the by-products and the waste
caused by the purification of the product.”

Another successful introduction of biocatalysis by
the same company was for the synthesis of the drug
atorvasratin, and the synthesis of artemisinic acid for
the antimalaria drud artemisinin. Pfizer did some
thorough research for the improvements of the yeast
Saccharomyces cerevisiaeinbiocatalyticmechanisms.*



Biocatalysis improved the efficiency of synthetic
routes for the industrial production operation of the
drugs Oselravimit and Pelitrexol.*4¢

Another well known pharmaceutical industry that
applied Green Chemistry principles and biocatalytic
methods in the drug manufacturing is Merck. These
changes brought substantial reductions in the use
of solvents and increased efficiency. A success story
is the synthetic biocatalysis of the antibiotic drug
Gemifloxacin.*’*® Similar success was achieved in the
asymmetric hydrogenation reaction for the synthesis
of the drug Taranabant.”

A second generation synthetic route of the drug
pregabalin in water has been published recently by
Pfizer researchers.”* 5!

Theotherwellknownchemicalandpharmaceutical
companies BASF and DSM Pharmaceuticals (New
Jersey) have advanced their research into biocatalysis
and applied the method for the synthesis of their
drugs. At BASF they used biocatalysis primarily
for the production of chiral chemical intermediates
required for the production of medicines. Enzymes
in living organisms quite selectively prefer one form
over the other of chiral compounds in the biological
conversion process. BASF takes advantage of this
principleinthebiocatalyticmanufacture of substances
in technical plants. The chemical industry Johnson
Matthey recently bought the German research
company X-Zyme (Dusseldorf) for its biocatalytic
innovative methods. The company after years of
research establish biocatalytic transformation of
ketones and keto-esters in chiral amines. These are
starting materials for the production of chemicals
and drugs.”

An interesting success story of the pharmaceutical
industry is the enzymatic catalysis of one of the
active substance in the famous medicine Lipitor
(reduction of cholesterol). The synthetic route is
considered a representative “green” synthesis of
an intermediary (key component) for the active
compound atorvastatin.™

The Codexis (Redwood City, CA, USA) is
an international company that markets enzymes
and intermediates to global pharmaceutical
manufacturers. Codexis biosolutions improve
product purity and yields, reducing production
process steps, eliminating toxic substances from
the manufacturing process. Tailored enzymes
enable targeted chemical processes to manufacture
the specific pharmaceutical product with efficient
manufacturing, lower costs and greater profitability.
Merck and Codexis have jointly developed a new
manufacturing process for sitagliptin, the active
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ingredient in Januvia (Type 2 diabetes). Merck and
Codexis reported a 10-13% increase in overall yield,
a 53% increase in productivity. Codexis is supplying
pharmaceutical intermediates for the cholesterol-
reducing drug Lipitor from Pfizer. Codexis won the
US EPA Presidential Green Chemistry Challenge
Award in 2006 (www.codexis.com/pharmaceuticals).

These examples are some of the applications of
biocatalytic methods in the pharmaceutical industry
which support at the same time Green Chemistry
principles and work for the sustainable future of
the chemical industry. Enzymes frequently display
exquisite selectivity, particularly chemo-, enantio-
and regioselectivity, making them attractive catalysts
for a wide range of chemical transformations. Also,
enzymes operate under mild conditions of pH and
temperature leading to the formation of products of
high purity. Modern tools of protein discovery and
engineering aid the development of novel biocatalysts
and their tailor-designed implementation into
industrial processes. Consequently, they find wide
application in the production of pharmaceutical
intermediates, fine chemicals, agrochemicals, novel
materials, diagnostics, biofuels and performance
chemicals.* %

Has Green Chemistry a significant impact
in the pharmaceutical industry?

All these new developments in the
pharmaceutical industries and other changes which
are not been described for lack of space in this
book, showed that Green Chemistry and Green
Engineering principles are spreading to the most
efficient chemical industry.

The new methods of Green Chemistry have
positive results in the pharmaceutical industry
because their R & D investment is very robust and
can cover research expenses and support innovative
ideas. By applying Green Chemistry methods the
pharmaceutical industries have better efficiency
and lower cost for their operations, lower solvent
use, less waste and improvement in the “green”
credentials of the industry.>%

In the last decade the pharmaceutical industry
encounters some intractable problems with the
disposition of large amounts of their products
in landfills. There are no solution “cradle-to-
cradle” and some products after their expiring
date have to be destroyed (by incineration). Also,
the environmental pollution of water sources
from rejected medicines, metabolites and medical
products is a serious problem.*® >

An article in Chemistry World (monthly



magazine of Royal Society of Chemistry, July,
2008) describes the attractive combination of Green
Chemistry principles and the economic benefits in
the pharmaceutical industry at a period that patent
expiries of bestselling drugs are in the near future
and companies must meet the cut of costs.”
“...The pharmaceutical industry’s current drive
to curb spending is helping to speed the adoption of
green chemistry, say experts in the industry. Faced
with looming patent expiries of their big-selling
blockbuster drugs, and a lack of candidates set
to replace them, many companies in the industry
are looking to dramatically cut their costs. But far
from being driven off the agenda by core activities,

the importance of green chemistry is growing in
. ol
i
Institute® &

L
, &

e oo¥

'E"'rrl:: AL R

ACS
Green

Chemistry

Ectiend bry Poior | Dhuren, Sl 5. Wiells,
ol i Pl T @ HE =y

Green Chemistry in the

Pharmaceutical '
®

Industry

ENLE YL H

Figure 6. The Pharmaceutical industries have success-
fully applied the lessons of Green Chemistry and Engi-
neering for the production of drugs.
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many companies. “There’s clearly a lot more cost
pressure in the pharmaceutical industry these days,
especially as the cost of discovering and developing
drugs continues to increase”, Peter Dunn, green
chemistry lead at Pfizer, told Chemistry World. “But
green chemistry offers significant cost advantages
and hence is part of the solution to the problem.”

“...The savings come about because efficient
syntheses that avoid exotic reagents, minimise
energy use and replace organic solvents with water
are invariably cheaper to perform. “Even at lab scale,
cost savings can be realised, and manufacturing
scale process changes can save millions of dollars,”
says James Long, who’s also on Pfizer’s green
chemistry team.

In 2005, several firms, along with the American
Chemical Society’s Green Chemistry Institute (GCI),
established the GCI Pharmaceutical Roundtable,
to promote the integration of green chemistry and
green engineering in the industry. Nine companies
- including Pfizer, Johnson & Johnson, AstraZeneca
and GlaxoSmithKline (GSK) - are now roundtable
members. At GSK as at Pfizer, belt-tightening has led
to an increased focus on Green chemistry. “Specifically
for GSK, the appointment of Andrew Witty as CEO has
shone a spotlight on manufacturing efficiencies, and
green chemistry has received a great boost as a result,”
says David Constable, responsible for promoting
sustainable practices in R&D and manufacturing
through green chemistry and engineering at GSK.
“Going green is cost beneficial; it just has the perception
that it is more expensive to do. In every case I know,
the green option is the low cost option”.

The industry is also starting to analyse the
green credentials of chemical feedstocks bought in
from external suppliers - an important shift, given
that increased outsourcing is another outcome of
pharmaceuticals’ cost-cutting drive. At the 2007
pharmaceutical roundtable meeting, members agreed
to include outsourced feedstocks when calculating
their total mass productivity - the number of kilograms
of material used per kilogram of final product - as
a metric to compare performance from company to
company. This agreement forces us to engage with
our suppliers, to come up with the best solution,” says
Henderson. The roundtable was set up to share best
practice, but we’re also very competitive....” @

Conclusions

The potential of Pharmaceutical Green
Chemistry will only be realized if scientists are
empowered and rewarded based upon higher
expectations of efficiency and less toxic products.



It is a competitive advantage to reduce the cost
of manufacture beyond mere acceptability, and
greener chemistry reduces cost. It is encouraging
that metrics have been developed which may help
business leadership to better understand and
reward greener chemistry. It should be clear though
that while Pharmaceutical Green Chemistry can be
measured by metrics of environmental health and
safety, the real driver of Pharmaceutical Green
Chemistry is synthetic efficiency.*!%

Scientists believe that Green Chemistry is going
to transform the pharmaceutical industry and drug
manufacturing in the future. Green Chemistry can
deliver both environmental and economic benefit
and the pharmaceutical industry is keen to adopt
most of its principles. Although Green Chemistry
philosophy has been generally accepted by the
scientific community, technical Green Chemistry
evolution through education and investment has yet
to achieve the appropriate attention and effort.* %

Extensive coverage of scientific aspects of Green
Chemistry and Green Engineering, in Greek and in
English, is presented in the recent publications of
the Chemistry Dpt, University of Athens.5¢
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Summary

The physical stability, the aggregation process of
colloidal systems, as well as the surface phenomena
are described using the Derjaguin-Landau-Verwey-
Overbeek (DLVO) theory. Liposomes represent
one of the most studied categories of colloidal
nanoparticles with potential application as advanced
Drug Delivery nano Systems (aDDnSs). Colloidal
aggregation using liposomes has already been
studied, including the fractal approach. The research
orientations on the aggregation process in colloidal
science and in biological phenomena are of great
importance because by using the fractal analysis we
have the opportunity to quantify the morphology of
colloidal and biological surfaces. The fractal analysis
can be used as a tool to elucidate the dimensionality
and the morphology of liposomal aggregates because
the aggregation phenomena are irreversible. In
pharmaceutical applications, Fractal Geometry
contributes to elucidate the physical and structural
properties of innovative drug delivery systems in
order to shed more light to a new formalism of
pharmaceutical delivery of bioactive compounds based
on the development of science and technology. The
tool of fractal analysis would be a state of art for the
developing process of a new drugs and open attractive
horizons for the Pharmaceutical Nanotechnology, too.
This review presents the most important advances in
scientific research and experiments for aggregation
phenomena, using fractal analysis for the delineation
of structural hologram of liposomes.

Keywords: Fractal dimension, liposome, aggregation
kinetics

Introduction

The Derjaguin-Landau-Verwey-Overbeek (DLVO)
isthe central theory for colloidal stability and hasbeen
extensively reviewed and it stands today as the only

quantitative physical formalism of the colloidal and
biocolloidal scientific fields.'* Colloidal aggregation
phenomena are related to the physical stability
while the role of temperature and concentration of
biomaterials is considered as essential. The DLVO
theory is the only quantitative theory up to now
which describes the colloidal stability. According to
this theory, the interactions between similar colloidal
particles in polar solutions are attractive Van der
Waals and repulsive electrostatics forces. Figure 1
presents aggregation of spheres and clusters after
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Figure 1. Aggregation of nanoparticles: (a) monomers
diffuse and aggregate to form a dimer (b). A dimer and
a monomer aggregate to form a trimer (c). A trimer
and a monomer (or two dimers) aggregate to form a
tetramer (d). Tetramers (e) are the minimal clusters of
larger scale aggregates that are stable against thermal
fluctuations (i.e., shear-rigid) and form extended,
non-spherical structures (f), even fractal aggregates.
At sufficiently large concentrations, the aggregates can
form extended networks (g). (Adapted from [3]).

* Corresponding author: Costas Demetzos, e-mail: demetzos @pharm.uoa.gr



A Hydrated ion radius

Figure 2. A schematic configuration of the hydration
forces effect. (Adapted from [7]).

the sudden onset of a short-range, central-force,
non-shear-rigid attraction, generally.®> According to
the literature, the hydration interaction energy can
play an important (Figure 2) role in the colloidal
aggregation and cluster morphology.*’

Liposomes are thermodynamically unstable
nano-colloidal dispersions (the term nano-is used
for dimensions less than 100 nm), in which the
free energy (G) of their surface area depends
on their interfacial or intra-facial phenomena.®®
Liposomes can be applied as containers of drug,
genetic material, vaccines and bioactive molecules
and their aggregation process is a challenge for
studding not only their stability but the process of
aggregates of protein which are involved in several
illnesses. An ideal liposomal delivery system should
be stable, long — circulating, accumulate at a target
site and release its drug in a controlled manner.
Conventional liposomes are in general unstable
thermodynamically and kinetically. The size, the
size distribution and the C-potential of liposomes are
important biophysical characteristics that indicate
their physical properties, which are crucial issues for
acceptance in pharmaceutical applications.®’

By using the Euclidean approach we can
determine the mean size and the Polydispersity
Index (PD.I.) of a particular liposomal dispersion
by using the Eistein-Stokes expression for the
diffusion coefficient of liposomal particle (i) with an
hydrodynamic radius of R,. Apparent hydrodynamic
radii, R , at finite concentrations was calculated by
aid of Stokes - Einstein equation:

ey

where k; is the Boltzmann constant, n, is the
viscosity of water at temperature T, and D is the

58

diffusion coefficient at a fixed concentration.
Experimentally D can be determined by fluorescent by
diffraction, scattering and spectroscopic techniques.

Smoluchowski, in his pioneering work on
colloidal stability, formulated the kinetic equations
for irreversible aggregation of monomers into
clusters. Smoluchowski considered a system of
diffusing particles, which stick together irreversibly
upon collision. The kinetics of the aggregation
process can be consistently described in terms of the
Smoluchowski kinetic equations:

%=”2k11,k.,11_..- 2 Z nKgn, @)

which i-mers are at concentration N, and j-mers
at a concentration N] form (i+j)-mers, n.=N/N,, with
N,=N, (t=0) and K is the collision matrix."

A desire to obtain a better understanding of the
development of morphology in biological systems has
provided one of the main motivations for the study of
non-equilibrium growth models. Probabilistic growth
models can also lead to complex structures which
mimic certain types of biological morphologies,
like liposomes. The morphology of aggregates is an
important issue and can affect the properties of the
colloidal dispersion.

Nano-colloidal dispersions and fractal
aggregation phenomena

The fractal geometry can be used to describe the
morphology of aggregates by measuring their fractal
dimension. The dimensionality d, for Euclidean
objects, is the exponent which describes how the
mass M of the object, scales with some characteristic
length 1 which describes the overall size:

M~ (3)

In this case d is an integer (3 for sphere, 2 for a
plane and 1 for a line). Many objects are found in
nature for which the form of the mass-length scaling
relationship given in equation (3) is preserved, but
the exponent is no longer equal to the Euclidean
dimensionality of the embedding space in which the
object exists:

M~1"  (4)

In general d,, is not an integer and satisfies the
condition

d<d (5

that means fractal dimensionality d, is distinctly
smaller than Euclidean.!! The mass-length scaling
relationship given in equation (5) is the basis for
all methods to measure the fractal dimensionality
of real objects or objects generated in computer
simulations. The mass fractal dimension (M) scales



with the radius of the aggregate as

M~R"™ (d_<3) (6)

There are several branched clusters which have
been referred in an irreversible aggregation process
(1.75<d_<2.1).>"

One of the simplest non-equilibrium growth
processes that generates branched structures in
colloidal systems characterized by a fractal dimension
(d,), which is synonymous to mass fractals, different
from the Euclidean dimensionality (d), is the Diffusion-

1 pmm

Figure 3. A branched and open liposomal aggregate
typical of the DLCA aggregation regime (df= 1.8).
(Adapted from [33]).

Controlled or Limited Aggregation process introduced
by Witten and Sander and the Diffusion — Controlled
Deposition introduced by Récz and Vicsek.'®'” The
Diffusion-Limited Cluster Aggregation was improved
by Meakin and is an extension of DLA.B® In this
model, the cluster’s growth is controlled by diffusion,
the sticking probability is equal to one, all collisions
between particles are effective and the aggregates
are open and branched in their structure (Figure 3).
The fractal dimension was estimated to be 1.8 in three

Figure 4. A compact and dense liposomal aggregate
typical of the RLCA aggregation regime (df= 2.1).
(Adapted from [33]).
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dimensions from computer simulations. DLCA is a
fast aggregation process, following a power law for the
average radius of gyration, R

R~ (7)

wheretisthe time andd, the fractaldimension.*On
theotherhand, Reaction Limited Cluster Aggregation
(RLCA) or Eden model is the slow aggregation
process. The Eden model is a simple lattice model
for the growth of the clusters, in which the particles
are added one at a time at random to sites adjacent
to occupied sites. The growth is limited by reaction
kinetics due to the presence of an energy barrier to
aggregation. The sticking probabilily is smaller than
one because a large number of collisions are needed
before the particles bind. The fractal dimension
was estimated to be 2.1 in three dimensions from
computer simulations and the aggregates are more
compact and dense than DLCA clusters (Figure 4).
The kinetics of RLCA are characterized by a power
law for the average radius of gyration, R

R\_'."' e’ (8)

where a is a constant. The value of a depends
on the sticking probability. The surface fractal
dimension is d_ and the expresssion which decribes
the surface fractals is:

d=6-d, (9

From an experimental point of view it is difficult
to find aggregation phenomena described by the
concept of surface fractals. Roldan-Vargas et al,,
reported the first experimental observation of a
transition from surface fractals to mass fractal
structures in a suspention of aggregating lipid vesicles
and presented a detailed description of structural and
kinetic aspects of liposomal surface to mass fractal
transition controlled by magnesium concentration.**
It must be noted that these two limiting regimes of
irreversible growth of aqueous colloidal aggregates
are universal. The “universality” of these aggregation
phenomena was supported by Lin and co-workers."”

There are a large number of techniques available
for the characterization of the structure of aggregates
formed from suspensions and dispersions of particles
in micro and nano scale and for the determination of
their fractal dimension.” Light scattering provides the
greatest potential for use as a tool for elucidation and
characterization of the structure of nanoparticles and
aggregates, alike. The physical theories, which were
developed for aggregation phenomena, include fractal
formalism for elucidating the shape and quantifying
the morphology of the resulting aggregates. Recently,
this formalism has been introduced to study the
geometry of liposomal aggregates.



TABLE 1: THE AGGREGATION KINETICS AND THE FRACTAL DIMENSION

AGGREGATES (ADAPTED FROM [28,31]).

OF LIPOSOMAL

Liposomal Dispersion . . L. Fractal
Composition medium Aggregation kinetics Dimension
R (t1)=101.7t+55.196
h
DPPC HPLC water (2=0.7415) 2.50
R (t)=1.9193t+71.434
h
DPPC FBS (=0.8061) 1.80
DPPC: cholesterol R, (t)=4.362t+135.96
(9:1 molar ratio) FBS (r*=0.6617) 240
DPPC:DODAI.’ PBS R ()= g.9942t+39.653 1.80
(9:1 molar ration) (r*=0.7381)
DPPC:DPPG . FBS R, () =23.37t + 43.69 14
(9:1 molar ratio) (1*=0.967)

Such fractal aggregation phenomena underlie
a wide variety of biological, chemical and physical
processes of great practical importance. Taking these
developments into consideration, there is a strong
relationship between fractal approach and the physical
properties of the drug delivery systems, like solubility
which may plays an important role for the effectiveness,
the efficacy and the safety of the encapsulated bioactive
compound.?! According to the literature, the fractal
dimension of cell cytoplasmic membrane correlates
with the cell membrane biophysical behavior and
with their specific membrane dielectric capacitance.?
However, an important aspect which can correlate
the fractal dimensionality with diseases, is the fractal
dimension of cell membrane morphology which is
used to reveal brain structure irregularities in patients
with schizophrenia, breast cancer cell migration and
biological and physical properties of cells in ymphoma
and leukemia.?*

The fractal hologram of
liposomal dispersions.

At the mesoscopic level of Pharmaceutical
Nanotechnology, the principles and the laws of
physics are quite different from the Classical
Newtonian Physics and Euclidean approach
especially at nanoscale dimension.”*  The
investigation of the aggregation process of liposomes
is of paramount importance due to their applications
in pharmaceutical nanotechnology as drug delivery
systems and as membrane models, in biosciences.
The elucidation of the dimensionality of liposome
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aggregates obeys the fractal approach because the
aggregation phenomena are irreversible.
Aggregationofuncharged Dipalmitoylphosphatid
ylcholine (DPPC) liposomes in aqueous medium was
observed, while d was 2.5 and remained unchanged
during an ageing study (Table 1).® The existence
of Lateral Cluster-Cluster Aggregation could be
a possible explanation to the observed behavior.”
Physicochemical stability was observed for liposomes
with cholesterol [DPPC: cholesterol (9:1 molar
ratio)] liposomes in aqueous and biological (Fetal
Bovine Serum) medium. The structural properties
of DPPC liposomes in aqueous medium are quite
different from those in FBS, as demonstrated from
fractal analysis, especially for liposomes without
cholesterol (Table 1). Cholesterol plays a major role
on the fluidity of membranes by regulating their
functions, as shown by the slight variation of mass and
surface fractal dimension in the two media.** Anionic
[DPPC:DPPG" (9:1 molar ratio)] and cationic
[DPPC:DODAP™ (9:1 molar ratio)] liposomes in
aqueous medium were found to retain their original
physicochemical characteristics at least for the time
period that they were studied.*! The liposomal
stability indicates that electrostatic repulsion should
be responsible for keeping the liposomes far enough
to avoid aggregation or fusion. On the other hand,
aggregation of reconstituted anionic liposomes was
observed in FBS. The first order kinetics describes
the protein induced aggregation of cationic liposomes

" Dipalmitoylphosphatid ylglycerol
" 1,2- Dioleoly-3-Dimethylammonium propane



with serum components (Table 1).*°

Finally, we wanted to generalize these findings
to control the stability and the responsiveness of
conventional liposomes to changes in temperature
and concentration in two dispersion media.®®* Of
paramount importance is to identify any gaps in
the scientific understanding of liposomes and to
facilitate a better understanding of pharmaceutical
characteristics of liposomal vectors for designing
colloidal nanocarriers, especially for gene delivery. It
is well established in the literature, that the regulatory
considerations are of great importance aiming proofs
concerning not only the design and preparation
of liposomal delivery systems but also the final
formulation’s physicochemical and morphological
characteristics.?"*? In conclusion, the fractal dimension
illustrate the self-assembly and the morphological
complexity of charged liposomal carries, which could
be a useful tool for the development of innovative
nanocarriers for drug or gene delivery with complete
knowledge of their structural characteristics.

Conclusions

The physical theories, which developed for
aggregation phenomena, include fractal formalism
for the elucidating the shape of the resulting
aggregates. Recently, this formalism has been
introduced to study the geometry of liposomal
aggregates. The physical theory which is used to
describe the behavior of fractal liposome aggregates
is the extended DLVO theory. Due to the complexity
of the problem, a complete characterization of the
structure of the resulting liposome aggregates is still
lacking and some controversial questions remain to
be clarified. One the other hand, the fractal approach
of the dimensionality of liposome aggregates and the
extended DLVO theory would be the tools to explain
the phenomenology and the functionality of lipidic
Drug Delivery Systems like liposomes. Moreover,
these tools would be a state of art for the developing
process of a new drugs and open attractive horizons
for the pharmaceutical industry.
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H Moggoxlaopatinn Avalvon
5 AlTooomoxis XvoocordTmons.

Notdaooo Ilinme, Kootag Aepértog

Touéas Paguaxevrinis Teyvoloyiag,

Tunua ®aguaxevtixis, Iavemiotjuio AGnvav,
Havemorquiovmodny Zwyodgov, 15784, AGjva

ITepiAnyn

H guown otaBepdmra, 1 diadiwacio tg ovo-
OWUATOONS TV KOMOEWODY cuoTHUdTWY, RABMS
NOL TOL POLVOUEVO ETLPAVEIOS TTEQLYQAQOVTOL
yonowwomowwvtas g Oewpio twv Derjaguin-
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Moowuata awoteAovv Ty o dadedougvn na
ueAeTHUEVY KT YOOIl XOMOELDWV VOVOOmUOTLO(-
WV, P OUVOTOTNTES EQPAOUOYIIS TOUS MG TTQOYWQY)-
UEVOL OUOTHUATO. UETAPOQAS POQUAKOUOQIWY TG
vavoxhporos (aDVANCED Drug Delivery nano
Systems -aDDnSs). H xohhogldrig ovoocmpdrmon
€xer NON uehenOel pe ™ y1oN MTocOUATOV Ue
Baon v mEoo€yyion ™S MoEQpOXAAOUOTIXIG
(Fractal) T'ewpetplag. Ou gpguvntrol mpooava-
toMopol oty rotevBuvon ™mg dadraotiog g
ovoomuaTmong oty Emomun twv ®oAogldav,
Onmwg ®ow o€ PLOAOYIRG PALVOUEVC, XONOLUOITOL-
MOVTOS T UOQWOXAQOUATIXY OVAAVOY, TTAQEYOUV
™V SUVOTGTNTOL VL0 TOOOTLXOTIOMON THG LOQPOLO-
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o1 TS OLOOTATXOTNTOS KO TS LOQPOLOYIOG TMV
MITOOMULARMOY CUOOMUATOUATOV, OLOTL T QOIL-
VOUEVO TS CUOOMUATWONS YOQAXTNOICOVTOL aTtd
un ovooteePudmro. ‘Ocov aod TV EQAQUO-
v g ot Poaguarevuxy Emomun, n F'emuetoio
TV Moppoxhoouotixdyv Zuvohmv ouufahel ot
OLOLOOEIVION TWV PUOKADV %Ol oKDY LOLOTHTOV
TV ROLVOTOUWV CUOTNUGATMV UETOPOQAS POQUL-
%®OUoQlwV, ®0BMDS xaL OTLS OLUOTAOELS TOUS OTH
VOVOXRMUOKRO, UE OTOYO VO QTTOROANPOVY EVaL VEO
POQUOALOUS Lo TNV TTEQLYQUPY] TV OUOTHUATWV
uetopoeds Prodpaotixkwyv woptmv. To egyaleio
¢ fractal avalvong Ba uropovoe va amoteAEoEL
XOLVOTOUOL X0l 600V 0poEd. T dtadwmacior avd-
TTVENG VEWV (OQUOKOUOQIMV %Ol VOL AVOIEEL VEOUS
optCovreg yia ™ Pappaxevtny) Navoteyvoloyio.
H mtopovoo avaoxomnon mtapovotdlel g ovyyo-
VES EQEVVNTILES ROTEVOVVOELS YLOL TNV TTEQLYQOLPY)
™G LOQPOLOYIOS TWV MITOCHULOKDY CUOOMUATO-
watmv pe PAoN TO LOQPOXAUCTUOTIZG OAGYQOLUCL
™C doung tovg.
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Personalized Medicine and Patient-Centred Care

Summary

Human genetic variation is what makes
“personalization” of disease treatment and
prevention both necessary and possible. Over the
last decade, the revolution in genomic technologies
has vastly increased the ability to analyse and
evaluate this variation putting it in the service
of patients and resulting in an ever-increasing
number of powerful new tools for elucidating the
genetics of complex diseases and traits. Recently,
scientists carried out an extensive meta-analysis
of a series of studies seeking to integrate genomic
medicine to the clinical management of several
diseases. On the other hand, FDA has been
supported on his ongoing efforts to create a more
favorable regulatory framework for diagnostic
products and to work with Evaluation of Genomic
Applications in Practice and Prevention (EGAPP)
to consider alternative pathways to demonstrate
clinical utility. For example FDA regulators and
leaders have relabelled warfarin and abacavir
to recommend genetic testing before beginning
therapy. As a result of these evolutions on the field
of Personalized Medicine a lot of questions have
been arisen: What are the outcomes of genomic
medicine? What is the current level of consumer
understanding about genomic medicine? What
information do consumers need before they
seek services? How genomic medicine is best
delivered? What are the challenges and barriers
to integrating genomic medicine into clinical
practice? Genetic information technologies are
forecasted to completely revolutionize medicine
by the year 2050. Patients will be diagnosed and
treated, to a large extent, according to their genetic
profiles and blood proteomics information, are we
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prepared for the novel challenges? Are we fully
aware of the societal and ethical dilemmas that
will come along with the revolution in medicine?
On the other hand, consumers are worried about
the possible adverse consequences of genetic
testing, particularly the privacy issues and
discrimination against receiving employment and
health insurance. These concerns are coupled to
angst regarding the lack of regulatory oversight of
genetic testing. Cost uncertainty, both in terms of
delivery and reimbursement for genomic testing,
is also an important issue. As with any new
innovation, genomic testing must be demonstrated
to be clinically useful, cost effective, and of value.
But because genomic technologies inherently
involve diagnostic or prognostic testing, and the
complexities of incomplete gene penetrance and
multiple gene and environmental interactions,
their assessment can be more challenging. In
addition clarity is needed on the drivers of
cost-effectiveness of genomic technologies and
consideration must be given to approaches that
include value-based reimbursement for genomic
testing technologies. Based on the overview of all
issues related to the development of Personalized
Medicine specific examples of drugs applications
currently on the market will be presented as well
as future perspectives are commented.

Introduction

Human genetic variation is what makes
“personalization” of disease treatment and
prevention both necessary and possible. Over the
last decade, the revolution in genomic technologies
has vastly increased the ability to analyse, to
evaluate this variation and to put it in the service
of patients; resulting as well in an ever-increasing
number of powerful new tools for elucidating the



genetics of complex diseases and traits.

Despite clear advances in technology that
bring genomic information closer to physicians,
patients, and the public, looming even closer are
issues that are outside the sphere of the genome
sciences and more in the area of genome policy.
Recently, scientists carried out an extensive meta-
analysis of a series of studies seeking to integrate
genomic medicine to the clinical management of
several diseases'.

As a result of these evolutions on the field of
Personalized Medicine a lot of questions have
been arisen: What are the outcomes of genomic
medicine? What is the current level of consumer
understanding about genomic medicine? What
information do consumers need before they
seek services” How genomic medicine is best
delivered? What are the challenges and barriers
to integrating genomic medicine into clinical
practice? Genetic information technologies are
forecasted to completely revolutionize medicine
by the year 2050. Patients will be diagnosed and
treated, to a large extent, according to their genetic
profiles and blood proteomics information, are we
prepared for the novel challenges? Are we fully
aware of the societal and ethical dilemmas that
will come along with the revolution in medicine®?

Personalized medicine

Personalized medicine in the sense of the
“right treatment for the right patient at the right
time” has been practiced for millennia. After the
completion of the Human Genome Project in 2000,
it was believed that this fact will revolutionize
the diagnosis, prevention and treatment of most
human disease as well as our power to heal.

“Personalized Medicine” refers to the
tailoring of medical treatment to the individual
characteristics of each patient. It does not literally
mean the creation of drug or medical devices
that are unique to a patient, but rather the ability
to classify individuals into subpopulations
that differ in their susceptibility to a particular
disease or their response to a specific treatment.
Preventive or therapeutic interventions can then
be concentrated on those who will benefit, sparing
expense and side effects for those who will not.

Physicians and pharmacists have long
observed substantial variation in patient response
to treatments for different cancers as well as for
such common conditions as hypertension, heart
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failure, depression, high cholesterol and asthma.
Finding the best medication for a given patient
often involves trial and error; sometimes we
may exhaust all possibilities without finding an
option that is effective. The ability to distinguish
in advance those patients who will benefit from
those who will incur cost and suffer side effects
could both reduce costs and improve quality of
care.

It may be considered that the new language
of genomics, as applied to medicine, is less a
revolution than an evolution: the ability to more
precisely describe phenotypes has allowed us
to change the specifics but not the fundamental
practice of medicine. Thanks to our increase
knowledge of genetic end genomic variation, we
have gone from the diagnosis of “blood disease”
in 1900 to over 38 leukemia and 51 lymphoma
subtypes in 2008. If you are suffering from a
chronic myelogenous leukemia as a result of the
rare Philadelphia chromosome translocation, we
have a drug that addresses that phenotype, at
least temporarily. If your form of breast cancer
is overexpressing a specific gene, we have a drug
that may work better for you than for others
without that genetic variation. And so forth*>.

What is the meaning of the term
“Pharmacogenomics” ® ?

More than 1.4 million single-nucleotide
polymorphisms were identified in the initial
sequencing of human genome, with over 60,000
of them in the coding region of genes. Some of
these single-nucleotide polymorphisms have
already been associated with substantial changes
in the metabolism or effects of medications.

The way a person responds to a drug (this
includes both positive and negative reactions)
is a complex trait that is influenced by many
different genes.

Pharmacogenomics is a science that examines
the inherited variations in genes that dictate drug
response and explores the ways these variations
can be used to predict whether a patient will
have a good response to a drug, a bad response
to a drug, or no response at all.

More specifically Pharmacogenomics can
be defined as the genome-wide analysis (e.g.
whole-genome single nucleotide polymorphism,
maps, haplotype marker and alterations in gene
expression) of genetic determinants of drug
efficacy and toxicity, including the identification
of drug targets. The field of pharmacogenomics
began with a focus on drug metabolism, but it has



been extended to encompass the full spectrum
of drug disposition, including a growing list
of transporters that influence drug absorption,
distribution and excretion’.

PharmacoGenetics can be defined as the
study of inter-individual differences in drug
response due to genetic variations.

The distinction between the two terms is
considered arbitrary, however, and now the two
terms are used interchangeably.

The privacy and discrimination issues

Consumers are worried about the
possible adverse consequences of genetic
testing, particularly the privacy issues and
discrimination against receiving employment
and health insurance. These concerns are
coupled to angst regarding the lack of regulatory
oversight of genetic testing. The uniqueness of
genomic information is clearly debatable over
whether it warrants special protections beyond
those in place for standard medical information.

Despite the Universal Declaration of
Human Genome and Human Rights of 1997
(UNESCO)® there are some new regulations and
projects that , new Genetic Information Non-
discrimination Act (May 2008)°, a new federal
law in Switzerland, in France, in Italy, etc ...
most recently one Project of UNESCO Report
on the Human Cloning and the necessity of
International Governance (March 2009).

It is worth while to focus on the GINA which
is a USA federal law that prohibits discrimination
in health coverage and employment based
on genetic information. GINA, together with
already existing non-discrimination provisions of
Health Insurance Portability and Accountability
Act, generally prohibits health insures or
health plan administrators from requesting or
requiring genetic information of an individual
or an individual’s family members, or using such
informationfordecisionsregarding coverage, rates,
or pre-existing conditions. GINA also prohibits
employers from using genetic information for
hiring, firing, or promotion decisions, and for any
decisions regarding terms of employment. GINA
requires regulations pertaining to both titles (I &
II) to be completed by May 2009 *1°.

Regulatory Bodies

FDA has been supported on his ongoing
efforts to create a more favourable regulatory
framework for diagnostic products and to work
with Evaluation of Genomic Applications in Practice
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and Prevention (EGAPP), in 2004, to consider
alternative pathways to demonstrate clinical
utility.

Furthermore FDA issued, among others, two
guidances for Industry and FDA staff regarding

e Pharmacogenomic Data Submissions, March
2005 .

e Pharmacogenetic Tests and Genetic Tests for
Heritable Markers, June 2007 2.

On the other hand EMEA evaluate all
Pharmacogenomic Data Submissions through
the procedures (Pharmacogenetics Briefing
Meetings) of the European Organism but a joined
guidance has been released on May 2006, e.g.,

e Guiding principles: Processing Joint FDA
EMEA Voluntary Genomic Data Submissions
within the framework of the Confidentiality
Arrangement,

Reimbursement for genomic testing

Cost uncertainty, both in terms of delivery
and reimbursement for genomic testing, is also
an important issue. As with any new innovation,
genomic testing must be demonstrated to be
clinically useful, cost-effective, and of value. But
because genomic technologies inherently involve
diagnostic or prognostic testing (as we will see
during the presentation of specific examples),
and the complexities of incomplete gene
penetrance and multiple gene and environmental
interactions, their assessment can be more
challenging. In addition, perhaps more than in
any other area of medicine, questions have arisen
concerning the economic incentives to develop
thesetechnologies. Clarity isneeded on thedrivers
of cost-effectiveness of genomic technologies and
consideration must be given to approaches that
include value-based reimbursement for genomic
testing technologies.

Itisimportant to mention that genomics-based
molecular diagnostic tests, concerning drug
already on the market, are currently reimbursed
at the same rate as other laboratory tests.

Specific examples of drugs applications
currently on the market

Based on the overview of all issues related
to the development of Personalized Medicine
specific examples of drugs applications currently
on the market will be presented as well as future
perspectives will be commented.



Personalizing clopidogrel dosing
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Figure 1. Chemical structure of clopidogrel

The drug Plavix® commonly known as
clopidogrel (Figure 1), , is an antiplatelet
agent used in treating coronary heart disease,
peripheral vascular disease and cerebrovascular
disease. Plavix® requires biotransformation to an
active metabolite by cytochrome P450 enzyme
to realize its antiplatelet effect. Therefore, any
variation in the CYP2C19 gene may cause a
reduced function of drugs that are metabolised
by it. Thus, patients treated with clopidogrel with
a reduced function CYP2C19 genetic variant had
lower levels of active metabolite, resulting in a
reduced antiplatelet response to the drug and a
threefold risk of stent thrombosis.

Gleevec® — Sprycel®
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Figure 2. Chemical structure of imatinib
Gleevec® (imatinib mesylate, Figure 2)

approval for the treatment of a specific form
of leukemia was considered a milestone in the
development of targeted therapeutics. Gleevec®
is indicated for patients with Philadelphia

chromosome-positive (Ph+) chronic myeloid
leukemia (CML) in chronic phase. It is also
indicated for the treatment of patients witk kit
(CD117) positive unresectable and/or metastatic
malignant gastrointestinal stromal tumors.

Captosar® Capto® (irinotecan)'
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Figure 3. Chemical structure of irinotecan

Captosar® is indicated for colon cancer.
Variations in the UGT1A1 gene can influence a
patient’s ability to break down irinotecan, which
can lead to increased blood levels of the drug and
a higher risk of side effects.

Herceptin® 16

Herceptin® (trastuzumab) is a monoclonal
antibody which utilises the natural immune
system to kill tumour cells.

Herceptin® is a monoclonal antibody for
the treatment of patient with metastatic breast
cancer whose tumours over express the HER2
protein and who have received one or more
chemotherapy regimens for their metastatic
disease.

Each HER2 gene results in the expression
of a receptor on the surface of the cell. If the
gene makes too much receptor, it is referred
to as being “over expressed”. Cells that over
express too much of the HER2 gene can be a
specific target for therapies such as Herceptin®.
This is usually achieved by performing a special
laboratory test on a small piece of you original
tumour (from the time of your original surgery
or biopsy).

Future perspectives — Conclusion

There are many exciting projects underway,
as thisis an exceptional time in genetic medicine
with the sequenced human genome and a full
toolbox to translate basic findings into clinical
practice. Currently, efforts are focused on
various human diseases, specifically, studies
to identify their causative or predisposing
genes, understand their pathogenesis and
develop new therapies. Research faculty



ranges from basic genetic studies of human
cancer predisposition, a new morbid obesity
gene, new methods to prolong human egg and
embryo viability, microRNAs and immunologic
disorders, and the role of copy number variation
(CNV) in various diseases, through to clinical
trials evaluating new treatments for genetic
disorders, including the clinical validation of
pharmacogenetic guided-dosing for various
drugs.
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Summary

The use of the triple H therapy (hypervolemic,
hypertensive, hemodilutional therapy) is widely
accepted in the clinical management of patients
with subarachnoidal hemorrhage (SAH). The
clinical efficacy of triple H therapy is lacking. Since
cannabinoids (CB) are involved in different functions
as nociception, control of appetite and energy
balance, cognitive processes or even the regulation of
emotional states, the therapeutic potential of putative
receptor-specific ligands have always aroused great
interest in the industry. At a time when there is much
talk of the efficacy of rimonabant - the researchers
found that it preferentially binds to CBI, thereby
blocking endocannabinoid action at that receptor but
not at CB2 - in the treatment of smoking and obesity
(and associated metabolic disorders) it is necessary to
investigate the therapeuticpotential of CB1 antagonists
in a field relatively unexplored: the aneurisms derived
from the subarchnoidal hemorrhage, resulting in a
possible therapy instead of the triple H therapy.

Introduction

The human brain represents approximately 2% of
total body weight, yet it receives approximately 20%
of cardiac output and uses 20% of total body oxygen
consumed under normal conditions. In this situation,
most of the energy of the brain is obtained exclusively
from aerobic metabolic process'.Impairment in the
supply of nutrients and oxygen to the brain can cause
cellular damage?.

Respiratory acid-base disturbances have a
profound effect on Central Nervous System (CNS).
This phenomenon stems from the fact that CNS must
respond to changes in systemic carbon dioxide partial
pressure, pCO,, which are immediately reflected in
the CNS as a result of the permeability of the Blood
Brain Barrier to CO,, as well as to changes in the
peripheral concentration of the hydrogen ions’.
More to the point, the almost instantaneous effect of
acute respiratory acidosis on the Cerebrospinal fluid
(CSF) pH and the intracellular pH of brain cells is
explained by the above mentioned ability of CO, to
pass through the cellular barriers*.

Acid-Base Balance Disturbances

Acid base balance is one of the factors that affect
cerebral blood flow (CBF) and its disturbances,
associated with abnormal metabolism, head trauma or
stroke, lead to secondary brain injuries, consequently
worsening the clinical outcome*® CBF varies directly
with the alterations in the cerebral perfusion pressure
(CPP), which is defined as the difference between
mean arterial and intracranial pressures, and inversely
with cerebrovascular resistance (the sum of vascular
resistance to flow, particularly at the level of the small
pial arteries and penetrating pre-capillary arterioles).
The contribution of any given cerebral vessel to
overall CBF is defined by factors, such as its radius and
length, and both blood viscosity and pressure. Tissue
perfusion in the brain, a measure of the exchange of

* Corresponding author Musaraj A., e-mail: adanela.musaraj@gmail.com



oxygen and carbon dioxide is approximately 50 to 55
mL/100 g/min. As blood perfusion is progressively
reduced, oxygen extraction from hemoglobin, which
is indicated by arteriovenous difference in oxygen,
increases without clinical manifestation. When
blood perfusion reaches 25 to 30 mL/100 g/min,
electroencephalographic ~ (EEG)  abnormalities
and consciousness alterations may occur. As blood
perfusion falls further below 20 mL/100 g/min
approximately, EEG becomes isoelectric and neurons
increasingly switch to anaerobic metabolism, with
concomitant increased production of lactate and
hydrogen ions. Once perfusion reaches 10 to 12
ml/100 g/min, neurotransmission is lost, sodium-
potassium pumps fail’ and cytotoxic edema ensues®.
In the absence of cerebral hypothermia, perfusion of
less than 6 to 10 mL/100 g/min triggers tissue death
cascade mediated by calcium and glutamate’.
Hypocapnia, on the other hand, is a state of
reduced carbon dioxide, Even when marked,
hypocapnia is normally well tolerated, often with few
apparent effects. Transient induction of hypocapnia
can lead to lifesaving physiological changes in patients
with severe intracranial hypertension or neonatal
pulmonary-artery hypertension, but hypocapnia of
longer duration in critically ill patients may have a
negative outcome'™" (Figure 1).
Inpatientswithtraumaticbraininjury,prophylactic
hyperventilation is actually associated with worse
outcomes'?, which may be explained in part by the
reduced cerebral oxygenation'®. Thus, although intra-
cranial pressure may decrease transiently, it may do

Figure 1: Neurologic Effects of Hypocapnia. Systemic
hypocapnia results in cerebrospinal fluid alkalosis,
which decreases cerebral blood flow, cerebral oxygen
delivery, and to a lesser extent, cerebral blood volume.
Reproduced with permission from Arieff and Laffey ™
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so at the expense of cerebral perfusion'®. In addition,
hypocapnia may exacerbate secondary brain injury,
since increased cerebral vascular reactivity and
vasoconstriction can result in decrease in regional
cerebral blood flow". Therefore, hypocapnia may
result in a disproportionate (regional) decrease in
cerebral blood flow, without a further decrease in
intracranial pressure'®. Because of these possibilities,
a panel of experts has recommended against the
prophylactic use of hyperventilation'.

The above mentioned acid base disturbances, pH
changes and changes in oxygen and carbon dioxide
levels are associated with acute cerebrovascular
diseases, such as subarachnoidhemorrhage (SAH)

Triple-H therapy

Triple-H therapy consists of three separate
components:iypervolemic, hypertensive, hemodilutional
therapy, Thus, Triple H theraphy elevates blood
pressure, increases blood volume, and thins the blood.
It is used to prevent and treat cerebral vasospasm
after aneurysmal subarachnoid hemorrhage (SAH)
by driving blood flow through and around blocked
arteries However Triple H therapy has many known
complications. These include pulmonary edema,
dilutional hyponatremia, and complications related to
the Swanz-Ganz catheter. Intracranial complications
include exacerbation of cerebral edema, increased
ICP, hemorrhagic infarction, and risk of rebleeding of
unsecured aneurysm. It has been reported that among
323patientswithSAH, 112 patientsdeveloped adelayed
ischemic deficit, 94 of whom underwent hypervolemic
therapy. Infarction caused by vasospasm was found
ultimatelyin 43 of these 94 patients. Twenty-six patients
(28%) developed an intracranial complication during
hypervolemic therapy: cerebral edema was aggravated
in 18, and a hemorrhagic infarction developed in 8. In
13 of 18 patients with aggravation of edema, delayed
ischemic deficit developed within 6 days after the
SAH. After hypervolemic therapy, the 18 patients
with aggravation of edema deteriorated rapidly, and
14 of them died. Hemorrhagic infarction developed as
the delayed ischemic deficit resolved. Thus, to avoid
hemorrhagic infarction, it is important to discontinue
hypervolemic therapy as soon as the delayed ischemic
deficit resolves'®1%%,

As invasive hemodynamic monitoring has
become standard in the management of aneurysmal
SAH, there have been complications related also to
the Swanz-Ganz catheters used in this therapy. In a
retrospective analysis of 630 Swan-Ganz catheters
placed in 184 patients with aneurysmal SAH, there
was a 13% incidence of catheter-related sepsis (81



of 630 catheters), a 2% incidence of congestive heart
failure (13 of 630 catheters), a 1.3% incidence of
subclavian vein thrombosis (8 of 630 catheters), a
1% incidence of pneumothorax (6 of 630 catheters),
and a 0% incidence of pulmonary artery rupture *

To avoid complications associated with the use
of “the triple H” therapy for cerebral vasospasm
following subarachnoid hemorrhage an alternative
therapy is gaining increasing interest, which however
still needs further investigations on human patients
with SAH. This therapy includes the adiministation
of cannabinoids.

Cannabinoids and their potential
therapeutic role

Since the discovery in the early 1990s, of specific
membrane receptors of the main endogenous
cannabinoid 9-tetrahydrocannabinol, the interest
on this topic has not stopped growing. In light of
recent work, the role of endocannabinoid system is
particularly becoming a hot issue in the neurological
pharmacology?.

Endocannabinoids participate in the mechanism
of preconditioning and neurological exogenous
administration of cannabinoids in hemorrhage?®
and would benefit the damage associated with
ischemia-reperfusion  sequence*.  Concerning
their vascular effects, the situation appears more
complex. According to studies, impact constrictors
or dilators of cannabinoids are described®. Finally,
pathophysiological conditions including cerebral
ischemia, hemorrhagic shock or endotoxic shock
might be connected with the physiological functions
of endocannabinoids®.

There are promising recent studies that suggest
a possible neuroprotective role of the cannabinoid
agonists 22, Experiments in adult rat models show that
asynthetic cannabinoid agonist, R (+)-WIN 55212-2 (1
mg / kg) administered after hypoxic-ischemic episodes,
have neuroprotective effects both in vitro and in vivo?.
Possible effects mediated by specific CB1 receptors
have suggested that cannabinoids also reduce the
neurotoxicity mediated by NMDA, AMPA or kainate®,
and inhibit the induction of the iNOS® (nitric oxide
synthase), at least mediated by lipopolysaccharide.
Moreover, cannabinoids have pharmacological effect
of hypothermia®, but may also have cardiorespiratory
effect. Also, cannabinoid agonists have shown some
effects on brain arteriolar vasodilator, an effect that
seems to be mediated by the endothelium-derived
hyperpolarizing factor (EDHF)>.

This is a crucial point, because the EDHF is the
guarantor of arterial vasodilation in deficit situations
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of nitrogen oxide (NO) and has a very important role
on autoregulatory response ofcerebral arteries of
newborn animals (rats)*. The neuroprotective effect
of cannabinoids appears to be selective, i.e. it depends
on the specific region of the brain that is damaged *.
Thesestudiesonneuroprotectionhave been performed
in adults. In newborn animals there are no studies on
cannabinoids neuroprotection effect, but it has been
shown that the depressant effects on motor activity,
which are typical of cannabinoids, are practically
absent in immature animals®. Furthermore, it has
been suggested that cannabinoids may serve as growth
factors and their receptors CB1 seem to be involved
in events proliferation and migration of neurons and
glial cells, synaptogenesis and axonal elongation, and
myelin formation * (Figure 2).

As far as we know, cannabinoids have
hypothermic pharmacological effects*, influence the
cardiorespiratory system*? and also have vasodilator
effects on the cerebral arterioles, an effect that
seems mediated by the endothelium-derived

Figure 2: CBI receptors are so widely distributed
throughout both the brain and body periphery that acti-
vating them indiscriminately could cause a host of un-
desired side effects. Reproduced with permission from
Weckesser M.

hyperpolarizing factor (EDHF) *.

There are also studies made in human patients
treated with cannabinoids as Dexabinol, in secondary
brain damage.

Secondary brain damage from traumatic brain
injury involves several biochemical mechanisms
including the release of excitatory amino acids
(e.g., glutamate that overactivates their receptors
andbrings about excitotoxicity '). Overproduction of
oxygen free radicals and proinflammatory molecules
(e.g., tumor necrosis factor- and bradykinin) have
also been described in ischemic and traumatic brain
injury in animals and man >4,



Glutamate antagonists, free radical scavengers,
and anti-inflammatory agents have been shown to
improve outcome in animal models of brain ischemia
and traumatic brain injury. Knowledge prompted the
clinical development of several glutamate antagonists,
free radical scavengers, and anti-inflammatory agents
as putative neuroprotective agents for head injury
>8 However, the results of most of the clinical trials
undertaken so far were disappointing ”® (Figure 3).

Dexanabinol is a synthetic cannabinoid which acts
as a non competitive inhibitor of NMDA receptors,
an anti-oxidant and anti inflammation by inhibiting
TNF.

According to a single existing study* dexanabinol,
administered in humans within the first six hours
after a trauma, reduced the incidence of intracranial
hypertension very significantly leading to a faster
recovery in the treated group. This molecule is
currently the subject of a large multicenter study and
we will soon know if its effect is only cosmetic pic or
it can actually improve prognosis of severe traumatic
brain injury. The demographic characteristics of the
patients who were enrolled in the study are typical
of the severe head trauma population, namely young
males with the leading cause of injury being motor
vehicle accidents. Thirty-seven patients received
placebo (13 patients with low-dose vehicle and 24
with the high dose) and 30 were treated with the study
drug (10 patients with 48 mg and 20 with 150 mg). The
two dose groups were analyzed separately (each dose
compared to its own placebo) as well as together (all
drug treated vs. all vehicle controls). The four groups
did not differ significantly in baseline demographics
or risk factors and dexanabinol treatment effects
were not different between the two doses (data not
shown). Therefore, the results presented below show
the comparison between all drug-treated and all
vehicle-treated patients.

The effect of dexanabinol in the brain-injured
patients appears to be similar to the edema-preventing
effects previously observed in animal models of head
trauma and stroke '>'5 2 and compatible with the
proposed neuroprotective mechanisms of the drug 111,

Dexanabinol, in doses of 48 and 150 mg, was found
to be safe and well tolerated in this group of patients
with severe head trauma. Dose-limiting toxicity was
not observed, suggesting a higher dose needs to be
tested. A single administration of the drug resulted
in significant improvement in ICP and CPP and a
trend toward better neurologic outcome®.

Recently a non selective CB1, CB2 cannabinoid
analog WINS55212-2 was tested for the treatment of
neonatal rat brain hypoxia—ischemia in Wistar rats
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Figure 3: Physiological roles of the endocannabinoids
and the potential benefits or consequences of their dis-
regulation. Reproduced with permission from Chin S.A.

Results showed that admistration of WIN55212-
2 promoted white and gray matter leadind to
remyelination of the injured area.

Howeveritisnecessary toknowall the mechanisms
involved in the modulation of the endocannabinoid
system before proposing such analogs as alternative
therapeutic for hypothermia in the management
of newborn-ischemic aneurysms, a prevalent and
devastating condition for which no pharmacological
treatments are yet available.”.
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H egpapuoyn mg Bepameiog «Triple H» (hyper-
tension: véptaon, hypervolemia: vrepoyrauuic,
hemodilution: oupooagaimon) €xer amodeybel
€VOEMS ™G O AHUELOG TEOTOS TG  HALVIXIG
Oloyelplong TV 0oBEVAV UE VITO0QOYVOELDT
oawpoppayia (SAH). IMagdha ovtd m xAwiry
amoteheopoTtndm e ™G Bepamelog  owtig
moovoldler xevd. Egooov 1o xavvafivoeidn
EWTAEXOVTAL OE ONUOVTIXES AELTOVQY(ES TOU
0QYOVIOUOU GTtmg 0TOVS VTodoyels eoeBopudtmy
TTOVOU, TOV ELEYYXO TNG GOEENG, TIC EVEQYELUXES
QITOUTYOELS TOU OMUOTOS, T VONTIXY OVATTUEN,
xaBwg xow T EUBwon g dudBeong, ot
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LuyrQ0T101) 0€ COUO TOV VEOU A X,
s EAAnvirnic @aguaxevtinic Etageiog (E.®.E.)

Tnyv 131 Iovviov 2012 ovyxponiBnxre o odpo to véo Atotntind Zupfovio g E.®.E. wov mponibe oo
g exhoy€g g 30ng Maiov 2012

H otvBeomn tov véou AZ petd astd Yneogopio HETOED Twv eXAeYEVTIMV CUUPOVAMY lva 1) TOQAKRATM:

IIpoedgog:

A” Avtioedpog:

B’ Avtumpoedgog:
Tevirog Ioappatéag:
Topiag:

Ewwog INoappatéag:

Méin:

Avash. péhog
E&eheyrtinn Emtgomii:

Kafnyntis Kovotavrivog Aepértog

Kwvotaviivog AgpétCoc
Avva Toavtih - KaxovAidov
TCoUMa Atto. - [Tohitov
Iwdavva Xnvov

ELévn Znadtod

Sopia Xattnavrwviov
Mopio Kametavidov

Tonydong - Idong Mooxomwoviog
Iwavvng Mowadémoviog

Srowpovia Kavrovva
Iwdvva Avopeddou

‘Ohya TCAaxov

O Ilpoedpog
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Katnynuig, Tu. Poguoxevtnng,
E. K.Ilavemotjuo ABnvaov

Kadnyitoia, Tu. Papuoxevtinc,
E.K.ITavemomuo ABnvav

Av. Kabnyrjrowa, Tp. Xnueiog,
E.K.Ioavemotmo Adnvav

Av. KaOnynroia, Tu. ®apponevtinig,
E.K.Ilavemonjuio AOnvaov

Av. KaOnyrtowa, Tu. Papouonevtinic,
E.K.Ilavemonjuio AOnvaov

Emun. Kabnyiroia, Tu. @appoxevtinig,
IMavemomuwo [Moatpwv

Dapuanomolds, [poiotauévn AELohdynong
Aowayv [Mpoidvimv, EOP
Dapuaromoldg Zvupfoviog Emvyeipnoewv

Dapuaromorlds, Omovouordyogs Yyeiog
Y. Addaxtwe [Mavemomuiov ABnvav

DopuarnomoLdg

Emun. Kabnyiroia, Tu. @appoxevtinig,
E.K.ITavemotiuo AOnvav

Av. KaOnyrtoa, Tu. Papuonevtinig,
E.K.Ilavemotjuo ABnvaov

H I'gappotéag

Av. KaOnynirowa Iodvva Xrjvou
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Avaxoivoon tov véov A.X. tng E.®.E

Ayamnrol ovvddelgot,

Me v gvzaiia Tng ovy%EoTNoNS 0 0N Tov A.X. Tng EAAnvirtic Paguaxevtixnig
Eraweiog (E.®.E), tagovotdfovpe Tig apyés xan Tig »atevduivoels mov Bempoipe ot
EXPEATOVY TNV ETUOTNUOVIXY NOLS ETOULQELTL.

HE.®.E. eivoiiotopund ) Emomuoviry Etoupeia 6hovtov EMvjvav ®agupoxomoldy,
aveEapmitog emayyehpanirig d000TNOLOTNTOG, HE UOVOUS OXOTOUS TV TEOOYMYY TS
DOQUOREVTIRNG ETTLOTNUNG KOL TNV ETOTHUOVLXY TG OVUPOAT] Oog BEpaTo Tov oyetiCovran
UE TO PAQUAKO ®OL TV avOpdmLVY VYEla.

HE.®.E. 10000nxe to 1932 %o 1 1otoouxy e moeeia eivor tadAMnAn ue v eEEMEN
™g Pappoxevtnig emtotiung oty EAMGda.

Baowodg oxomnds e E.®.E etvou:

1. n avade&n tov emomuovizol gérov tov “EAllnva @apuoromotot xow 1 oupupfoin
TOU OT1 OWOoT| EVNUEQMON TV ToMTOV Yie B€pata vyelog mov OxeTiCovioL (e To
pApuax0, BEmEMVTAS GTL TO PAQUAKO OTOTEAEL ATORAELOTIRA ROLVOVIRO 0Y0H0..

2. H ouufoi tng oty avasttuEn dLoadAou EROLYOVIOS Ue Toug BEouroUs QoQEels g
VYelog, MOTE VO RATAOTHOEL duvaTn T Aettoveyio TG %ot wg ovpPoviov g TolTelog
o€ B€pato Tov apoEOVV TO PAQUAXO.

3. H ovpuetoxy mg ota Aebvij xow Evpomaind dpdpeva (EUFEPS, FIP), mwov
0POQOUV OTO PAQUOXO KO T) OVOLALOTLXY TNG TTOQEUPOON OTLS AVTIOTOLYES ETLOTNUOVIXES
eEeliEerc.

H exmMjowon tov tapardve oxonav s E.®.E. 6a vhorowmbel pe v ovoraotxn
OURUETOYN AV TV PaOUAROTOLHV, OELOTOLMVTOS THV EUITELQLOL TTOV £XOVV OTTOXTI|OEL
07to TV AOXRN 0T TNG ETLOTIUNG TOVUS OTOUS OLAPOQOUS ETL HEQOUG YMQEOVS QITOLOYOANONG
TOVG.

Evelmotovue n E.®.E. uéow tmv d0aomoLotitmy Ths Vo SNUOVQYNOEL TOV TV VAL
EMLOTNUOVIXIIG YVHONG %ot TEOPANUOTLOUoU o€ BEpata mov apoovv oty eEEMEN T
EMOTNUNG MHOG, OTNY 0001 xonom xow vo cuuPdiler otny ®oAiTeQEn EVNUEQMON TWV
EMnvov tolMtav og B€uata vyetog.

O IIgoedpog H I'oappatéag
Kadnyntis Koveravrivog Aepétiog Av. Kadnynroto Iodvvae Xijvou
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1o Xvvéopro
dagnaxevtivav Emotnuov

Me peydhn emitvyic. OAOXANOWOE TG EQYOLOTES TOV
to [Towto ZuvédpLo papuoxevtnv Emotmuwy, mov
Ehafe yopa otig eyrataotdoelg tov [ovemomuiov
Abnvarv, omv Tavemomuovrorn Zoydpov.

To Zvvédplo dujornoe 4 uépeg, amd g 27 €mg
ot 1g 30 Ampihiov 2012 xow 1 dtogydvmon Tov
amotéheoe TEMTOROVALC TwV TRl PaQUOKEVTIRGV
Tunudrov tov Mavemomuliov ™g xOeos Hog, ue
0t0Y0 Vo aoteAéael Bepého AiBo yia T dnuoveyio
€VOGS ®UxAoU ouvedQiwV TOU (BLOV OVTIHELUEVOL.

TomhoUOLOROULLILAITEQALEVILAPEQOV ETULOTHUOVIXO
TOGYQOUUL RO Y ETUAOYN ROTAELOUEVMY OUANTEV TOV
YWEOV OUVTEAECAY OF Wio TOM) EVIOTLXY] OUUUETOYT|
AL OVTATTORQLON  OTG  TTAEVQAS  (PULOUOXOTIOLYV,
VTOAMAOV 0TS (POQUOXEVTIRES  Plopmyovies xou
Wiaitepo otttV g PoQUAREVTIRYG OTO CUVEDQLO,
ue amotéleoua to OUvEdQLO Vo Eemepdoel xwdbe
TEOOOORI0. CUUUETOYMDV QTAVOVTOS CUVOMXA TOUG
900 ouvEdpoug.

I[Mopdhnha, OTO0  OUVEDQLO  CUUUETEIAV
ETLOTIUOVES KO EQEVVNTES TG GAO TO (PACUO. TWV
(POLOUOHEVTIXMDV ETULOTNUMV.

210 mhaiowo Tov Xvvedplov mpayuaTomoniOnxre
Enionun Tekew] "EvoaEng wv IMapaoxevy 27
Amoihiov 2010 now oo 19:30. Ztv teheti Tov
ovvedpiov amevBuvav yoEETIoNd 0 AvVTLTEUTovng
tov [Tavemomuiov ABnvarv, x. Owuds Zenrémouvlog,
o Av. TIpéedpog Tunpotog Papuorevtrng tov
Mavemomuiov ABnvav, . avayuwme Mopdrog,
o Av. Ilpdedpoc Tuwjuotog DPoQUOKEVTIHNG
tov [Moavemomuiov Ogooahovirng, ®. XE1HOTOC
HMovaywwtidng xar o ITlpdedpog tov Turquarog
Dapuanevtnic wov IMoavemomuliov IMotewyv, .
Zotong Nwwohapomoviog. Htelen ohorinowOnne
ue v Exionun “Evapén tov Zuvvedplov and tov
IMpdedpo g Opyavonxrig Emtpomig, xabnynt .
IMoavaywt) Mayaioa.

2 ouvvdvinon tov puehdv  AEIl tov 3
Dopuanevurdy  Tunudrwv  amogoociomxe 1O
EMOUEVO OUVEDQLO VO TROYpaTtomowOel og 2 yodvio
ot Oeooolovin.

~1
(=)
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150 IToveAAvio Xvumocio
daguaxoynueiog

Z1ig 25-27 Matov 2012 moayuatomoiOnxe pe
ueydhn emtvyio to 150 IMoaveAdivio Zvumdéolo
dopuaroynueiag. To Zvumdoro Ehafe ywa oy
ABMva, omv aibovoo ‘Aeswvidag Zéopfag’ Ttov
EfBvixov [dpUnatoc Epevvov. Ogyavodnre omd
v EAMnvinr} Etowpelo ®appoxoynueiog xal to
Tujua Ogyavixng zatr Papuaxrevtivic Xnuetog
™ "Evoong EMvjvov Xnuwav row tehovoe vio
v awyida g European Federation of Medicinal
Chemistry (EFMC).

H exionun yiAddooa tov Zvumooiov Wrov 1
ayyhMxn. To Zvumdolo magoxorotOnoav 250
ouvedpol - neta&l twv omolmv 98 mpomTuyLarol
QOLTNTEC- OO TOVETLOTHULOL %Ol EQEVVNTIXA
®é€vipa, ond Ohn v EAAGda, ®oBwg xol to
eEwtepwov (Alyeola, Bovkyapia, Kinpog, Aavia,
Folhia, TITAM, Itakio, Povpavia, Toihdvom,
Tovpnia, ZepPia, Hvouévo Baoiiero).

To emomuovird mESyQOUUo TEQLEAGUPOVE
6 zevrounég OlaléEelg, 11 »vpieg SwohéEerg, 15
TOOPOOLRES aAVOROWVAOOELS wou 124 avnotnuéveg
avarowwoels. Katd ) dudoreta tov Zvumociov
ovortoyOnray  xor  ocvintifnrav  diapopetirnég
TTUyEg Twv  ovyyeovav eEeliEemv otV emotiun
™mg Papuaxroynueiag omd Tov oxedLOOUS VEMV
papuoxonoQimv agLomoldvtag TLg SUVaToTNTES TS
texvohloyiag in silico, ™ ovvBeon rou frohoywxn
0ELOAGYNON VEOV vTOYNQIOV  QOQUARONOQIMY,
™ onuooia TOV QUORAV TEOIOVIOV ™S TNYNS
ovoxrdlupn VEmV dQUOTIXOV OVOLHOV QOOUARMY,
€m¢ TO QOAO TNG ETLYEVETIXNG (ETLYOVIOLWUATIXTG)
©00Mg na TG avardiuyng vémv BLodetdy.

MetaEV TV OVNOTNUEVWV  OVAXOLVWOEMY,
emAEYOMuOV  TEELG Yt  OoUVIOUN  TEOQOQLXY
TO.QOVGT0ON TTOLV TO RAE(OLIO TOV ZVUITOO(OV.

ITouwv v €vaEn Ttov Zvpmooiov dtogyavmonxe
ETMTUYNUEVO CEULVAQLO NG ETOULQELOS AOYLOUWRMDV
Schrédinger, to omolo mapaxorovBnoav 40
UETATTUYLAROL RO TTQOTTTUYLAKOL POLTNTES.
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BBBB International Conference

From Drug Discovery and Formulation Strategies
(design-synthesis and preclinical testing, delivery systems,
nanotechnology, biopharmaceuticals, biosimilars,
generics-bicequivalence)

To Pharmacokinetics-Pharmacodynamics
(metabolism, transporters, pharmacogenomics, biomarkers,
drug therapy, individualized therapy, biotherapeutics,
PK/PD modeling)

») 26-28 September 2013
Athens-Greece

1\ & NATIONAL AND KAPODISTRIAN
(i UNIVERSITY OF ATHENS

[
’

Congress website:
www.bbbb-eufeps.org
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21n uviun tov Kadnynt
Y %eV0V PLALGVOU

Zrg 24 Zemreufoiov 2012 Epuye amd ®OVTd (oS TANENS NUEQMV O AYATNUEVOS
d4oraAOg pog, 0 opudTnog xafnynmis Zxevog Puiidvos. Tuidg paouaxoToLlov, o
Snevog Dildvos yevvnOnre oty AleEdvdpeia 1o 1923, oroudaoe ot Bnoutd xot
to Kdipo, doxnoe yio 17 y00via T0 QOQUOXEVTIHO ETTAYYEAUQ, VA amd To 1959
Eenvd Vv oxadnuaixy Tov otadiodouio oto Egyaotioio ®aouaroyvooias tov
[Moavemompuiov ABNVAV, 6OV 2oL VTTNEETNOE 0€ OAES TS FaBuides uéyot ™ fabuido
Tov ToMToU ®oBnynTti. Méyxor to 1990 omdte now ovvrtagiodotOnre vmijpge
dA0%AAOC TTOMMY YEVIHV (POQUOXOTIOLDV OTO AVTIXEIREVO TG PaQUOrOYVWOTOG,
QOXMOVTOS TOUG OTOL £QYOOTIHOLL N UETAOIdOVTOS TG YVAOELS TOV OTLS alBovoeg
owdaonahiog, Tov Bupuduaote MEEWO, EVYEVIRG, UTOUOVETIKO, UE OLYATT YL
TNV ETLOTNUY TOV — XAUOWHOS POQUOKOYVOOTNG- CAAG ®ow yiar T Paouonevtixn
YEVIXOTEQX ETUTEAMVTOS TOQAANAO ue 0EUVS ®ow 0BGQUPO TEOTO EVEY ROLVMVIXO
€0Y0 g WELOS Tov avdTtatov Yysiovouxol Zvpfoviiov, néhog ms Evpmmainic
Empomic Papuoaxomoiicg xow [Ipdedpog g Emtgomis g ElAnvixng
DauaroTOLl0G, EUTELQOYVAOUMY TOV ouddnv dutoynueiog Auwtadv Ouolwv rot
Evrtopoxtovov g Evpwnairng ®apuoaxomoiios, sumepoyvouwmyv me I1.O.Y. ot
BEuoTa paouoxoToL®V, LELOS ®atd TeQLodous Touv A.Z. g E.®.E.. Babig yvdomg
mg Papuoxoyvooiag, Puvroynueiog, g Purtobepamevtinis xow g lotopiag
™mg Pappaxevtnic, ue Waitepo evolapépov yio Ty Opotomadntny, o Zxevog
DMAVOS EVTUTMOTOLE UE TLG ETLOTNUOVIXES TOV YVWOELS 0TO. TeEdi0 avTd aAhd ®ai
ue TV eVEUTITO TS WORPMONS TOV. OL OLTNTES TOV, OL UETETELTA OVVAIEAPOL TOV,
oM@ ®oL 600L elyov TV TOYN VO YVOEIoouy To Exevo Pihdvo Ba tov Bupovvron
TAVTAL OG EVO YAURUTATO, 1OENO, OEUVO dAoraAo %ol dvBommo Tov ExQufe Evav
BnoavEo yvooewv xol Ntav TEOBUUOS TAVTOL VO OUVEQYQIOTEL %ot VO FonBoeL
TOVG vewTteQovs. Kakd toEidL oto ddorald pag...
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