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therapeutic action are ‘‘toxic by design’’, and their toxicity

depends on the dose used. If they are not destroyed in the
metabolism, after emission in the waste water, some

remain for a quite long time in the environment. One

possibility to avoid this situation is to imagine drugs
‘‘benign by design’’, with a similar therapeutic activity, but

a better degradability in the environment.

Drugs from Green Sources

Many drugs have their origin in nature, and many plants

were the basis of traditional medecine for thousands of

years, all over the world, in Africa, America, Oceania,
India, Asia, Europe [1]. Some examples of products

extracted from plants are for instance cardiotonic heteros

ids like digitalin, coming from the plant digitalis purpurea,
or alkaloids as morphine coming from papaver somniferum
(Fig. 1) [2].

The chemists often use a natural molecule as a model to
create a therapeutic class using semi synthesis. This

sometimes gives more active products, and many alcaloid

derivatives have been found active as antitumor com
pounds. Some examples are Taxotere, Vinorelbine, or

Taxol (Fig. 2) [3].

Bacteria also provides sources of natural products, as for
instance antibiotics. When Fleming discovered the anti

bacterial action of penicillium’s cultures [4], he has already

imagined that penicillin was a chemical compound with a

definite structure. The antibacterial action was actually due

to the structure of penicillin G (Fig. 3). This molecule is

very interesting and has been widely used for many years.
But its major drawback is its sensitivity to acid conditions

in stomach, and it cannot be taken orally. Another molecule

was developed on account of this, penicillin V (Fig. 3)
showing a very similar structure and which can be taken

orally, since its b lactam ring is stronger for sterical rea
sons. This was a great progress and penicillin V is still

widely used for pediatric and other applications. From that

time, many antibiotics where developed in various series
(cephalosporins, etc.). Biological resources of the oceans

have been exploited as well since human history, by

catching fish and harvesting algae, and research during last
decades on marine animals and algae revealed the impor

tance of these resources to produce various molecules as

antitumor agents, for the treatment of human deseases [5].

Toxic by Design

Many natural products display high toxicity, as snake

venoms, or natural alkaloids (strychnine,…) synthesized in

cells secondary metabolism. Some molecules coming from
the nature or their derivatives obtained by semi synthesis

are often very active as drugs, and naturally ‘‘toxic by

design’’, depending on the dose, and as edicted in Latin by
Paracelsus:‘‘dosis sola facit venenum’’, meaning ‘‘only the

(inappropriatly high) dose determines that a drug is a

poison’’ [6]. This is the basis of the therapeutic index
concept, giving the ratio between the active dose and the

toxic dose for a drug.

Semi synthesis is often used to improve drugs action, as
in the case of many semi synthetic antibiotics like peni

cillin V (Fig. 3), or to create more active artificial drugsFig. 1 Papaver somniferum and morphine 1

Fig. 2 Semi synthetic antimitotic agents: Taxol (a), Taxotère (b) and Vinorelbine (c) (after Potier [3])

Fig. 3 Penicillin G (a) and V (b)



(as in the case of antitumoral vinorelbine, Fig. 2). Un

fortunatly, increasing drug activity can decrease its bio
degradability, not only inside the body, but also outside.

Drug Metabolism in the Body

After administration to the patient in a specific dosage

form, the drug molecules are absorbed into the circulatory
system, and can undergo a broad range of reactions during

metabolism. If some drugs can be excreted unchanged by

the kidneys, as the antibiotics benzylpenicillin or vanco
mycin, most of them are metabolized by enzymes to dif

ferent compounds. Drugs are generally hydrophobic, and

their transformations lead to more hydrophilic products,
easier to eliminate in urine or bile. Drug metabolism oc

curing mainly in the liver [7], is divided into two phases:

• Phase I: the functionalization reactions, introducing or

unmasking a functional group (including oxydation,

hydrolysis, reduction, hydration…). It involves Cyto
chrome P 450, a family of enzymes catalyzing various

reactions as hydroxylation or epoxydation of different

substrates.
• Phase II: the conjugation reactions, leading to highly

polar inactive or less active molecules ready to be

excreted. The conjugation can be a glycuronidation, a
sulfation, acetylation…

In general, the metabolism of a drug decreases its

therapeutic effect. This is important, to avoid that after
reaching the site of action, the drug produces its effect

longer than to be desired or becomes toxic.
An example of metabolism is given in the case of the

antiinflammatory drug naproxen (Fig. 4): the original drug

is oxidized in humans to 6 O desmethylnaproxen (phase I)
and both parent drug and metabolite are conjugated (phase

II) as acylglycuronides [8].

The Flow of Drugs to the Environment

After its flow through the body, half the drug is sometimes
rejected without change, and remains days, months or years

in the water (Fig. 5) [9]. Fortunatly, pharmaceutical prod

ucts (active ingredients and metabolites) concentration in
the environment is very low, and very far from the thera

peutic dose. These substances are not eliminated from the

water by usual methods, and a small quantity can be
detected even in drinking water. According to the research

in this field which began about 15 years ago, the risk of

adverse effects through the ingestion of pharmaceuticals

Fig. 4 Naproxen (a), its
metabolite 6 O
desmethylnaproxen (b), and
some of their possible
glycuronoderivatives
(c g) (after Vree [8])



present in the drinking water seems to be negligible [10].
But some researchers are now wondering whether low

doses of drugs mixtures could have some consequences for

human health. In the case of ‘‘chemical mixtures’’ [11]
synergy can exist with other emerging organic contami

nants (EOC) and endocrine disruptive compounds (EDC),

including oestrogens or bisphenol A (BPA) [12, 13]. These
molecules and other coming from phytosanitary products

(insecticides, herbicides,…), paints, solvents…, as DDT,

PCB or flame retardants are widely spread in the nature,
and due to their lipophilic character, they can concentrate

in the food chain, with a potential risk for human, but this

is still not well established and remains to be investigated
[14]. Some smart processes were developed to destroy

these compounds in a solid state and are now well estab

lished [15, 16]. The treatment [17] and valorization of
sediments is also possible [18]. The possibilities of envi

ronmental remediation by genetically engineered bacteria

was also explored [19].
Anyhow, the diffusion of these molecules in the aqueous

environment makes more difficult the waste treatment.

Biodegradation of phytosanitary products in biological
wastewater treatment was tested successfully [20].

In the case of pharmaceutical molecules, advanced

effluent treatment is not sustainable because of energy
consumption, efficiency and efficacy, and its appropriat

ness must be assessed at a case by case study [21]. It can

apply in the case of the pharmaceutical factories industrial
effluents, since the wastes are well characterized in terms

of quantity and quality. Till now, little is known about the

fate of pharmaceutical molecules during sewage treatment

[22], depending on the operating conditions (aerobic,

anaerobic,…) as well as in the environment. For instance, a
UV desinfection can create new products sometimes more

toxic than the initial molecule [22]. Photoproducts can

even be formed by natural sunlight. Microbial transfor
mations can also create more toxic metabolites, as for

instance in the case of BPA, methylated by mycobacterium
species to mono and dimethyl derivatives showing
increased toxicity on zebrafish embryo exposed to these

molecules [23]. Further environmental research is needed
to understand better the transformations of drugs, and other

molecules, and to imagine the best methodology in order to

decrease or eliminate the undesirable metabolites.

Is the Green Pill an Utopia?

As the flow of drugs and metabolites to the environment

(Fig. 5) can pollute the environment, some trials were

carried out to transform pharmaceutical active ingredients
into molecules having the same activity with human

patient, but breaking down easily under the natural envi

ronmental conditions, as glufosfamide, obtained by the
modification of a known leading structure [24].

Glufosfamide (Fig. 6) is a glycoconjugate obtained by

associating glucose with ifosfamide [25, 26]. The rational
is because the cancer cells have an increased affinity to

glucose called ‘‘the Warburg effect’’. Glufosfamide has

proven cytotoxic effects in preclinical and clinical trials,
with many tumors. At the same time, its biodegradability is

enhanced. It was proven that the biodegradability of this

kind of compound depends on the stereochemistry of the
glucoconjugate [27].

The computer aided design of new active molecules, in

terms of discovery and development, showed its interest, to
develop new drugs for various diseases, in particular for

cancer therapies [28]. The use of this high technology

could be a new way to develop drugs ‘‘benign by design’’,
and better biodegradable pharmaceuticals. Anyhow, if this

is an excellent target and model to follow, it will require

many years to make all drug substances ‘‘benign by
design’’, and the in silico screening for an early selection of

drug candidates with favourable properties with regard to

degradation is considered as still in its infancy [29].

Fig. 5 The flow of drugs to the environment (adapted from [9])

Fig. 6 Isofosfamide (a) and Glufosfamide (b)



Greener Drugs by Advanced Galenic?

Galenics is a very traditonal science and art, and is con

sidered in Europe as an invention by Galen [30], who

developed the fist galenic form, a pill made of a mixture of
gum and a drug. Nowadays, many dosage forms have been

developed, considered as traditional dosage forms, such as

a tablet, the most popular and used dosage form in phar
macy because of its low cost and handiness for patients.

Galenics shifted in the past decade from an empiric for

mulation to an engineered approach of pharmaceutical
technology. New galenics aims to deliver the right dose of

active ingredient at the right time and the right place.

It means to use advanced pharmaceutical technology, and
to invent and to develop adapted intelligent Drug Delivery

Systems. It can be noted that a pharmaceutical dosage form

contains not only active ingredients, but also excipients.
Many of them come from natural sources, as cellulose,

starch, gelatin, lactose, …, and are widely used after

transformation and/or purification. One tendency is to
develop more and more excipients coming from natural

sources (pectin, trehalose, chitosan,…), due to their better

sustainability. It will not be developed in this review, and
the readers interested in this area are invited to consult the

extensive literature dedicated to it [31 35].The develop

ment of advanced galenics, including the use of futuristic
high technology nanodrugs [36] is now exponential. For

this reason, it is inconceivable to present an exhaustive
panorama. Some emblematic examples of developments

contributing to green drug are described hereafter.

One way of progress is to improve drug bioavailability by
advanced galenics, decreasing the footprints of dosage

forms and drugs in the environment. Many examples of

improvements appeared in the literature, as for instance the
enhancement of biovailability of poorly water soluble drugs,

typically Class II drugs of the biopharmaceutics classifica

tion system (BCS, [37]) showing high lipophilicity and high
lattice energy [38] by the use of various technologies. One

important challenge is to develop particle engineering for

drug delivery, in order to integrate these particles in dosage
forms. Particle engineering for pulmonary delivery has

drawn much attention. For this purpose, the properties of

particles [39] in terms of size distribution, shape, morphol
ogy, flowability, surface energy, stability… must be well

adapted to this application route.

Particle engineering strategies traditionally include top

down and bottom up methodologies

Among the top down methodologies, one can notice the

micronization [40] for instance using a jet milling. It

allows to produce very fine particles and it has the
advantage of being an industrial method. One drawback is

that the granulometric particle size distribution is some

times broad, and it is rather difficult to control the shape,
morphology, surface properties and electrostatic charge of

the particles, since the newly created surfaces are ther

modynamically activated, which create some instabilities.
Another risk is to decrease the crystallinity and enhance the

surface and chemical degradation, and to decrease the

flowability. Some processes were developed as for instance
the co micronization of fenofibrate with various adjuvants

as lactose monohydrate or microcrystalline cellulose, to
improve the dissolution speed [41]. Drug micronization can

be obtained by spray drying of a drug solution. But in this

case, the particles are thermodynamically activated. The
obtained amorphous particles show a tendency to recrys

tallize, thus changing the dissolution speed and then the

future bioavailability of these particles. Spray Freeze dry
ing using liquid nitrogen was used to prepare hollow por

ous microparticles of heat sensitive drugs [39].

Beside drug micronization, nanomization [42] by dry or
wet process was carried out for solid active ingredients.

When the size of particles decreases, the dissolution

kinetics increases, and this allows to decrease the dose of
active ingredients [43]. The use of supercritical solvents for

fine particles design increased recently [44], and Bettini

et al. reported that if some processes have been already
scaled up to industrial manufacturing, the potential of this

technology still remains largely unexplored. An inhalable

insulin was developed, but an increased incidence of lung
cancer among previous smokers was noticed after inhalable

insulin treatment. Furthermore the treatment cost was much

higher than the traditional form. Nevertheless it was found
recently that inhalable insulin could present the advantage

of attenuating pulmonary inflammation [45].

Bottom up strategies show some advantages, as for
instance lower energy use than grinding, but on the other

hand they call for solvent use. Among them, we can quote

the microcrystallization of drugs. It has been developed to
overcome milling induced disorders of crystalline pow

ders. Another method was developed to stabilize inhalable

proteins, to provide flowability, dispersibility and bio
chemical and conformational stability of the proteins, using

supercritical fluid technology [39].

If the use of spherical crystallization [46] and the quasi
emulsion solvent diffusion (QESD, Fig. 7) method has

been well known to improve the properties of active

ingredients [47], an antisolvent process involving ionic
liquids was used recently to prepare ultrafine rifampicyne

particles [48].

Tools for Advanced Galenics

Many tools can be used to develop dosage forms, com
bining top down and bottom up technologies:



• amorphization of active ingredients by various methods

among them the solvent method, the milling technology

or the hot melt method [49]. The amorph form of drug
is often more soluble than crystalline one. This way can

be used to decrease the drug dose. The risk is to

generate a crystallization inside the dosage form, and to
loose a part of the drug activity during conservation.

Some researchers proposed to stabilize amorph forms

inside polymers for instance [50], and/or to produce
solid dispersions [51, 52].

• use of a drug’s more soluble polymorphic variety. In

this case, the risk would be to create another crystalline
form during the process or during conservation. Drug

nanocrystals of indomethacine in the metastable form

were produced using hydrophilic adjuvents as stabiliz
ers [53].

• salts formation; the salts of active ingredients are

generally much more soluble in water than the basic or
the acidic form.

• co crystallization was developed rather recently and is

a good tool as well to improve the bioavailability of
drugs [54].

• encapsulation inside cyclodextrins: Hydrophobic drugs
with low solubility can be encapsulated into hydro

philic cyclodextrins, and then their apparent solubility

increases during the time necessary for sufficient
absorption (2 6 h) in the gastrointestinal tractus. Then

the active ingredient can pass the gastro intestinal

barrier and the drug is transferred to the blood (Fig. 8).
This encapsulation allows to decrease the active

ingredient dose in a drug, and its daily dose, as

observed also in the case of liposome encapsulation
[55]. Various processes were proposed for cyclodextrin

encapsulation including comelting [56], kneading [57,

58], or use of supercritical CO2 [59]. This last
possibility is very efficient, but expensive at the

industrial scale.

Many combinations were developed from the above
mentioned technologies, as to combine the use of cyclodex

trins and nanoparticles [60], or to combine co crystallization

and extrusion [61].

Advanced Drug Delivery Systems (DDS)

If the first DDS were developed in order to increase the

concentration of drug in the blood, the new DDS aim to
maintain locally in the body precise drug concentrations.

Another development is to use drug delivery technology

for tissue engineering and regenerative medecine [62].
Many intelligent drug delivery systems were developed

including photoresponsive polymersomes [63] (vesicles

desintegrating upon U.V. irradiation), two layered dis
solving microneedles for percutaneous delivery of pep

tides/protein [64], etc. Some efforts were carried out to

develop sustainable release [65, 66].
The development of advanced galenics is now expo

nential. This is a good news for the patients. One limitation

will be the cost of these technologies. Another is the safety
of drug use.

Less Footprints for Fine Chemicals and Biotech Active
Pharmaceutical Ingredients (API)

Concerning pharmaceutical fine chemicals and biotech

active ingredient, increasing handling and use measures at

the source is necessary in the long run. Due to the speci
ficity, complexity, multistep character and purity targeted

on these syntheses, the primary pharmaceutical production

of API is considered as having one of the worst E factor

Fig. 7 Spherical crystallization
by QESD method [47]

Fig. 8 Drug absorption after cyclodextrin encapsulation (adapted
from [59])



among the chemical industry sector (25 100 kg or more of

waste by kg of API produced) [67]. If the bio industries
involved in the production of drugs need very small

amount of solvent, they need a deal of water for production

and cleaning [68]. The big pharmaceutical companies
worked a lot on their processes, to simplify and make them

greener. Process R & D must design the best synthetic

routes for active ingredients.

Small Molecules Syntheses

To synthetize small molecules as API, the companies

search how to decrease the energy and time used for uni
tary operations, the amount of solvent… Some use

microwaves to warm up the polar entities [69] for the

scale up of organic reactions in a pharmaceutical Kilo lab.
Other use ultrasonic conditions, since ultrasonic irradiation

enhances chemical reactions and mass transfers via

acoustic cavitation [70, 71] and many work on the pro
cesses intensification, as reported by Buchholtz [72],

introducing more continuous chemical reactions. As

edicted by Sheldon [73] ‘‘the best solvent is no solvent’’,
and some possibilities were proposed in order to use sol

vent free syntheses in high energy vibrating ball mills [74,

75] (Fig. 9). Due to the co grinding stochastic character,
the kinetics is sometimes slow. Nevertheless, this method

is interesting, because the absence of solvent makes often

the synthesis globally safer, faster, energy and cost effi
cient. Due to high API complexity, and stereoisomeric

needs, catalytic methodologies are often chosen, but as

noticed by Federsel from Astra Zeneca [76], many cata
lysts used today contain a heavy metal component, and this

can induce a contamination of the product and of the

wastes as well. For this reason, a catalytic process is rarely
green, and many companies are in search of green catalysts

[77].

Enzymatic Methodologies

Use of enzymatic methodologies is an interesting way,
since an enzyme can be considered as a natural cata

lyst, and the specificity of enzymes can be enhanced by

mutations of the protein chains. Some companies devel
opped the use of enzymes instead of microorganisms, as

DSM to produce semi synthetic penicillins, decreasing

drastically the use of solvents for the purification steps, and
purer antibiotics were obtained by this way [78]. They

reduced energy consumption by 66 %, and wastes by 90 %

compared to the traditional process. Another example is the
synthesis of atorvastatin (10, Fig. 10), the active ingredient

of Lipitor invented by Pfizer to treat hypercholesterolemia,

one of the most sold drug in the world. The chemical
synthesis of atorvastatin, uses traditionally cyanide and

stoechiometric sodium borohydride (at -70 !C) to produce

200T/year of the key chiral building block ethyl (R) 4
cyano 3 hydroxybutyrate (Hydroxynitrile 11, Fig. 11). But

the obtention of this intermediate needs a separation of the

racemic to isolate the good isomer. Codexis developped a
new ‘‘green by design’’ biocatalytic process using Halo

hydrin deshalogenase customized enzyme (Fig. 11) [79].

Table 1 [80] shows the advantages of the bio synthesis in
terms of energy, yield, concentration… This biosynthesis

was developped at a multi tons scale.

Similarly, Merck and Codexis improved drastically
sitagliptin (antihyperglycemic drug used against diabete)

synthesis, using a customized enzyme [81].

In a general point of view, big pharmas think green and
to search new alternatives for primary production pro

cesses. Two main ways of progress are developed: syn
thesis of small molecules by direct routes, using less

solvents, and if possible water or no solvent. When the

complexity is increased, or in case of stereospecificity, use

Fig. 9 Dibenzophenazines
(a, b) and dibenzopyrido
quinoxaline (c) solvent free
synthesis [74, 75, 77]

Fig. 10 Atorvastatin 10



of catalysts or biotech ways are explored as well. In this

case, isolation and recycling steps must be important key
points of the process.

Pharmaceutical Forms Greener Manufacturing

Beginning of 2000, the Food & Drug Administration
(FDA) inspectors noticed that the actual yields in the drug

formulation (secondary production) facilities were lower
than expectation in the marketing authorization applica

tions, and that the production time was often much longer.

Furthermore, they noticed that a lot of products which were
not matching the quality standards had to be destroyed. The

result was the implementation of quality by design (QbD)

for pharmaceutical products research, development and
production. This concept is linked to the process analytical

technology (PAT) one, allowing the continuous monitoring

of pharmaceutical processes, in order to ensure products
final quality [82]. PAT is very well adapted to continuous

processes and it is developing progressively in the industry,

with various applications [83]. Novartis and the MIT
develop a joint program ‘‘Blue sky vision’’ to transform

batch oriented pharma production to a fully continuous

approach [84] integrating QbD, and starting from chemical
synthesis through final pharmaceutical dosage form

(Fig. 12), promising impressive advantages in terms of

total capital and operating costs.
If the idea of producing tablets by continuous process

was launched some years ago [85], GSK, GEA and Sie

mens developed a new system for tablet continuous man
ufacturing [86]. Concerning the specific continuous drying

and tabletting process, the savings aimed is 65 % lower

building volume, 60 % lower capital cost, 85 % less waste,
60 % less manpower, and less solvent. Some research

groups in the world work on the questions raised by con

tinuous blending of powder mixtures with pharmaceutical
constraints [87].

If the development of continuous processes needs
research and development investments, and investments in

new machines at the beginning, it can generate profits in

the long term, by increasing the yields of pharmaceutical
forms, and helping to make the processes greener than

before, then generating other advantages to the company.

Recently, Pfizer developed the co design by modeling
between R & D and manufacturing [88], allowing the

members of the team to examine each step of possible

route, for commercial nomination. Use of continuous pro
cesses is generally a good way to cut costs, and the tech

nology is emerging in the pharmaceutical industry

manufacturing [89]. At the same time, at the research level,
new cost effective green processes are explored, which can

be implemented in future more or less continuous manu

facturing processes. These can be for instance direct
compression [90], fast melt granulation [91], extrusion/

spheronization in the presence of water as solvent with

various grid geometries [92, 93] (Fig. 13), coating pro
cesses using water instead of organic solvents [83], dry

coating [94 97] or other green processes.

Fig. 11 Synthesis of Atorvastatin key intermediate Hydroxynitrile 11
(adapted from [79])

Table 1 Comparison of the biocalytic and chemical processes for the
production of Hydroxynitrile [80]

Parameter Enzymatic
process

Chemical
process

Crude substrate load 0.3 kg/L 0.1 kg/L

Substrate/catalyst (wt/wt) Approximately
100:1

1:1

Conversion (%) 99.3 Not
provided

Diastereomeric excess
(%)

99.99 94

Cryogenic reaction
conditions required

No Yes

Solvent use 3.2 L/kg 27.5 L/kg

Fig. 12 Symbolic pharmaceutical continuous process (after [84])



Good Use Practices

In order to preserve a safe environment, it seems obvious

that our societies must evolve in the direction of dimin
ishing drugs dissemination in the environment. A similar

way is aimed for agriculture (intrants and phytosanitary

products), and of course in a general point of view in the
use of all kind of chemical products.

For the pharmaceutical drugs, a safe dispensation of the

exact dose of drug needed by the patient in the case of
prescriptions must be organized. In the case of self medi

cation as well, the behaviour of the patient is important,

avoiding overmedication. When drugs remain in the
medecine chest, and of course when the expiration date is

over, the patients must go to retail pharmacies, to give back

the remaining drugs. A system exists in many european
countries to recover and destroy them by incineration.

Since the recycling by humanitary associations is not

longer in use (mainly due to quality defects), this system is
the best to avoid the dissemination of drugs in the nature.

The FDA recommends a few medicines to be flushed down

the sink or toilet to help prevent danger to people and pets
in the home [98]. This is only in some cases as aspirin, very

rapidly destroyed in water and destroyed at 99.9 % in water

treatment plants. But this choice is difficult for the people
not well informed of the complexities and varieties of drug

molecules. Some researchers published recently a life cycle

comparison of environmental emissions from three dis
posal options for unused pharmaceuticals [99], and rec

ommended as a result the trash disposal of unused

pharmaceuticals. But it is without taking into consideration
the fact that after a while, the molecules can diffuse and

pollute the environment. Then the incineration with energy

recovery is at the present time the best way to destroy the

medecines and their packaging, excepted in the case of
drugs or organic products needing a special treatment

[15, 16]. It is of course regrettable not to recycle the drug

and provide them to affected populations, but the good
solution for this was not found until now, despite some

interesting proposals to improve the liability [100].

For this, the recovery of unused drugs by patients, a
social education is necessary for the proper disposal of

unused and expired medications in all countries [9].
A particular attention should be paid to hospitals and

care institutions, to avoid toxic effluent discharge, due to

relative high concentration of drugs in the effluents. We
also must consider the fact that a reprocessing of drugs is

possible in the industrial processes, if it has been antici

pated in the marketing authorization [101]. Following
recovery of the active ingredient and recystallization, a

new expiry date can be attributed, to avoid a waste of drug.

If the focus was made on the drugs in this paper, more
generally, many other molecules (PCB, phtalates, bisphe

nol A, herbicides, and traces of more simple molecules as

flame retardants, glycol ethers…), could have an impact on
environment. Then, even if some adapted methods have

been developed to eliminate these molecules from the

environment [15], the best choice is to decrease the dos
ages applied, and to avoid the dissemination of the leftover

products in the environment.

The notion of Ecopharmacovigilance is developing, to
evaluate and to control the risk of dissemination of phar

maceutical drugs in the environment, and decrease the

emission level. This should be applied to all kinds of
molecules potentially harmful for the environment, alone

or in mixtures.

Conclusions

For the last decade the pharmaceutical industry moved

towards making greener products and processes. This goal

will be attained by using more eco design in active ingre
dients and drugs conception, as well as the processes at all

stages of R & D and production. Among the various pos

sibilities, it is possible to quote:

• development of processes using only water, or solvent

free processes
• use of catalysts, and if possible green catalysts

• development of continuous processes

• development and implementation of PAT for in process
control and to increase pharmaceutical operations yield

• development of an advanced galenic, including DDS, to

ensure drug delivery of the right dose, at the right time,
and at the right place.

Fig. 13 Pharmaceutical extrusion using a dome geometry grid [92,
93]



• lean and project management at all steps of develop

ment and production

Research in new emerging processes requires multi
disciplinary teams to work together, and of course some

investments in R & D. The cost of these technologies

must be well considered but they will help to match the
objective of sustainability. And there is no longer doubt

that the return to investment will be efficient, for the

companies and their development as well as the health
economy, and for our planet environment. If the phar

maceutical drugs ‘‘benign by design’’ could be an inter

esting target for the future, the processes generated by
eco design for primary and secondary processing must be

both ecologically and economically efficient, to save costs

and create the future of pharmaceutical companies, of
health organizations systems, and of our planet. A social

education will contribute to avoid the dissemination of

potential harmful products in the environment, and to
recover unused drugs by the patients.
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20. Massot, A., Estève, K., Noilet, P., Méoule, C., Poupot, C.,
Mietton Peuchot, M.: Biodegradation of phytosanitary products
in biological wastewater treatment. Water Res. 46, 1785 1792
(2012)
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