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of
in the Preparation of Vegetal Derivatives

Medicinal plants, which provided for centuries the main source of medicines,
il sccount with their derfvatives for abour 20% of prescriptions in indusirialized
coantries and for about 800 of prescriptions in developing countries.
Among the sctive peinciples of natunil origin, pure sbstances and purified
iced exitacts are gcquiring increasing importance because they can be
characeerised better than tradivional producty and thesefore they can satisfy the
Guality, <fficacy and safery requirements typical of a modern drug. In fac,
cconding 1o internations] health regolations, every prepatstion used in buman
therapy, like any. drog, st meet ceriin bads edteia of coaslscnry, vabiliy,
and absence of potentially toxic contaminants such as residual solvents,
pesticides, ete. These requitements most be met also in the: industrial preparation
of matural products though this often Invelves considerable. difficulties, which
are genenally greater for simple produces sach as exracts than for pure active
principles, even when the latter are present in the original rw material st very
low concentrations.
The most critical steps in the preparation process sre generally repeesented
by the chaice of the raw vegetal material and by the ideatification of a suitable
extraction .anmh which shold be as selective s posible for the desired aciive

ield it is possible to reduce the cont of the final product. In the preparation of
& normal or standardized cxtrac, however, the quality of the raw material is mare
eritieal because it is this quality thar determines the charscieristics of the final
product,
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material;

— the varisbilisy in relative ratios between different active principles within
the same botanical ‘specics;

— the occasional presence in the same botanical species of different secondary
merablites.

Carrendly, the approach normally wsed to overcome these problems is ko
analyse carciully differen lois of the material and 1o select those which are more
suitable or, preferably, 0 mix different proportions of the analysed lots b onlét
to obtain & final mixture containing constant ratios of the individual components,
This procedure allows the widest applicarion, since it can be applied w0 all
medicinal plants, including berbs and trees. From the industrial point of view,
howerer, the preparation of the mixture, cchnically simple despite the considerable
analysical work imvolved, contributes Dnrpnrmvﬂy 1w mise the cast of the firal
proshuct because it reuires the maintcoance of large stocks of raw material. A
different solution, more modern and effective, which will provid the basis In the
future for the preparation of stindardized products, consists in the cultivation of
genctically homageneos plists er, at a technologically more advanced stage, in
the production of generieally homegeneaus tssue cultures in 4 fermentaror.

At present, the most practicable of these new procedures, already usefolly
applied n some cases, is the euliivation of genetically select plants by micro-
propagation on tissue cultures. Basically, the method conslsts in analyzing several
hindreds of plants individuilly and in obisining suitable tissae aliguots from those
showing the most desimble companition. The selected tissue is then cultored
i order o induce sprouting of genetically identical planes, which are then ex-
planted and grown in the open field. This technique allows the prodkuciion. of

ncous composition i active principles. Obviouly, the procedure is feasible
anly for medicinal planis having a shore lifé cycle (anaual or blennial) and it cannor
‘e applied, for example, when the zaw matecial fs representod by roots of forcst
s, cic. OF course, the plants must be grown and collected under srictly standsrd:
iazd conditions. Tn these cases, the preparation of the vegets| material eepresents

by ioself & technological advance which is often superior 1@ the technological aspecis
imvolved in the sophisticated but already established processing operations

After a suitable raw material for producing the wepetal derivative has been
selected, the prepuration procedure will sequire severs] steps, which 1 will now
discuss by bightighting the main problems. involved and the mast appropeiate
equipment which cin be used, These seeps consist fn:

— Grinding the raw material

— Deying the extaet of the active principles
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The grinding stcp represeaty the firse opecstion of the whole procedure and
is essentinl for a swccessful reslt of the subsequent extraction, in ferms of bath
total yield and solvent flow rate, and therefore speed of exhaustion. The most
important goal 1o be achieved in the grinding procedure is the hemogenicity of
the particles, the sire of which must be earcfully studied in cach case in selation
10 the type of estraction equipment and 1 the type of solvent subsegueatly uscd.
It is advisable to avoid the formation of too fine particles (fess than 0.5 mm in
diameter) because these, while theoretically incressing the solute/solvent exchange,
hinder the clficiency of the filration process and make impractible any automation.
1If the extraction is carsied out by using large installatioas operating condiouoasly,
such fine partides should not sccount for more than 10% of the ground mass.
Technologically, the problem can be solved by choosing carcfully suitable cquip-
ment. The mast comman types of grinding machinery used for these parposes
B o o ko s suad i g of dppropeine b Thm
following schemes show some exsmples of the most commenly used systems
(Fig, 1), These mills are used o pulyerise dry materials; compleeely different
peoblems. arise when'the cxiraction fs carried ot by using fresh materials or
materials containing lasge amounts of water.

In the latter cascs, [t Js necessary to perform a crpogrinding procedure at
wemperatures asound —20°C, in order 10 prevens of 1o minimize emymatic rexctions
leading to degeadation of the active principles. [f grinding is carried out ar room
temperatre, these enzymatie teactions. take place within a few minutes and may
wd-unhpmmdhudﬁmdspdiuiuh?blwn For these reasons, the

A sitvation of this kind asises, for esample, in the Bolaticn of certain secondary
liscosides. derived from primary ghacosides by enspmatic semoval of a saccharidic
chain, which otherwise would need to be cleaved by carcful selective hydrolysis.
“These cascs, however, are rasher exceptional because the use of fresh matevials is
steadily declining, due 10 the cost limitations and problems of storage.

The siep following grinding Is the extrucion. The maln purposs of the ex-
racton process s 0 separate Tn o more o sy purifed form the active Ingredicots

iticlf. Normally, the twa processes occur simultancously: frequently,
10 enhance weashing by adding hypotonic solutions or defonized water,
swelling and Iysis of the vegeral cells. From a theoretical point of view, the extac:
tion processes in general can be classified, according 1o & chemical-physical concept,
inios two i categories:
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— Prosedures leading o coneenration. egailibrium:
a) Maceration, simple and dynacnic;
b) Digesticn, simple and dynamic.
— Procedures Jeading 1o eshaustion of the drug
©) Percolation;
d) Cantlnnous counter<urrent cxtraction;
<) Extrsction with hypercritic gas.
According to the same concept, the industrisl system used for the ‘extraction
<an slso be classified into wo categories
— Instruments for macerstion and dij s
) with stirring action related 10 the intrinaic structure of the instrument;
b) with mixer;
) miners with cochles,
— Tnsteurments for exhaustion:
d) Static percalicors:
¢) Extnctors with mixer;
) Cochlen-type continuous. extractors;
&) Carousel-type extractors;
1) Exiractors undes prossuee;
i) Extructors using :.,-pmm: e,

Micerion, e s st o ol b & i 4 e
derivative and is sill used for the production of tincture N
procedure consists in immersing &rvqﬂllmuddin‘!uh‘aﬂewlwﬂl for u
certain period, followed by separation of the drug undee pressure o by filtration
To speed up the extraction process, macerations are normally carried out under
agltation and at differcnt temperatures by usiag 3 1 10 parts of solvent, Industrial
Ty, the usc of these procedures is declining because they do rot allow exhaustion
of the drug. The extracts obiained in this way are normally wed without undes-
g comcniraio, o e oo and, do 1o i o conc 0 s
principles, they tend 1o be unsaitable for pharmaceatical formulations, cspecally
aolid formalations. The equipment used for this kind of cxraction is
by mixers with diffescnt capacity: the most common models are reparted In Fig. 2.
OF course, many of these instruments can be wsed o carry out multiple exusctions

comamooly used percalators cay be cither static or dynac; in she former the
drusg keeps still and the moving solvent s continuously recyeled by appropriate
pusps, whereas in the later the drug is agitmed continsously by the blades of @
rotating shaft. The following schemes give an ies of available insiuments, which
can be quite versatle and suitable for both small and Luge scile produstions
(Fig. 3).
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One of the advantages of thesc kinds of instrumenss is the possibiliy of using
them separatcly or in series (Fig. ). In this way, it is possible 1o ebuio, with
obwious saving of solvents, extracts alresdy concentrated which exhibir reproducible
eontents

the final product. Fos acge scale prouction, the best systems are those operating
in continuoas counter-cursent, or in counter-current in continuous! these include
basically cazousel-aype extractors, cochleatype extisctors o cochlexlike extraciors
(Fig. ).
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A new extraction method which is also beginning 1o be applied in the prepara-
tion of active principles in the phamaceutical Beld is represcated by the wic,
a solvent, of gas under hypereritic conditlons. Of course, this extraction system iy
canvenient for the selective isolation of lipophilic subsances and offers the advantage
of being a clean procedure which does nat leave contaminants in the final product.
The extraction equipment used consisis in & closed chamber comaining the material
10 be extracied and petmeable 4t the top and at the botthen to the gas scting
a3 4 solvent, and in an evaporation chamber designed to collert the product
esracied by the g (Fig. 6). These sysiems operste st pressures ranging be-
tween 70 und 400 bars and at wmpetaiures between 33" and 70°C of more, By
using this kind of instsuments, which are never large in sz, exhaustion of the
vegetal material Is achieved wery rapidly and it s therefore possible o produce
large amounts of extesct. In these systems, extraction and concentiation are
carried our simltancously.

Golng back o the traditional spstenis, the exraction process must be followed
necessarily by filtration of the percalates in order to remave turbidity, drug residues,
ctc. Thereafter, the peodoct must undergo  concentration peocedure which,
depending on the situstion, can be carried out by evaporation of the salvent or

Fig. - 1 - €0 contaloer; 2 - Prarscaoes 3+
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by counter-extrction with solvents not mixable with the percole. Classial ev-
Jmmples are provided by the cxtracvion of alkaloids with ssomaric or aliphatic
 hydrocarbons followed by direct coamteremtraction of the extract with con-
centrated acids. After washing, the orgnic phase is wed 10 extract new divg
Gihile. the concenteated alkaloids in the ueiel phasc are ready for the rification
ep

These: eounter-extraction operations: are carried out by kg counter-current

|/liquid separators or liquid/liquid centrifuges (Fig. 7).

In ll other cases, the exteaction liguids muse undergo a concentcation step,
Jielspective of whether the final product is represcated by 4 liquid, soft ot dry
Gatract or by a pure substance. Normally, this concentration 11ep s carricd our

* by using systems which allow to minimise the thermal degradation of the extracted
active principles. Ia addition 10 the classical longitabe cosporators with or with

ot eyclon, of the chemizal industry, which can e used for the inrial cvaporasion,
It & common to usc descending film distllators or submersed plate disillazoss
(Fig. 8).
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By using these systems, It s possible o obtain evaporarion of the water at
temperatuces ncar woom temperstore, to reduce foam formation aad w0 avoid
important degradations due 1o aver} and inerustations.

In the preparation of exiracts, the concemaation sicp is pormally :‘uﬂwv:d.
by clarification, which can be carried out with supercentrifuges or decanters o
filiess under pressure. Finally, whenever possible, the product undergoes a dry
g stcp. Extracts In dry form s gencrally preferred becwse they are usually
wable, they can be halled more comenicatly and they are less vulnerable to
acterial contamination.

The drying vam in 0 delicate and very crucial step which has imporant
Implications for the quality of the final product. Obviously, the drying of an
cxtract s often u difficols operation due 1o the heierogencity of s Ingrodients,
which include essen fats. macilages and nuny other hygroscopic products.
Many of the problens have been overcome by wsing aromieees (Fig. 9) and br
adding, when necessary, appropeiate cxcipients By using atomizers equipped with
sppropriste sccessories, it is pessible tnday s obiain products vitwally free of
bacterial mm.n.zm, homegeneous in granulometry, scarcely coloared due o
tack of degadation,

At the end of o sapid teview of the main cquipment and jnstallasions used
in the production of active principles of vegetsl origin, [ will conclade by giviag
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Fig. 9 - Prisciple disgram of spesy diyer: | - Drying chamber; 3 - Veatilators 3 - Cycncs
4= Al bezicr, 3 - Filler 6 - Pumgs
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n cxample of the preparation procedure for a classical alkaloid: morphine, which
| lwﬂ‘i)mnwl}*mofmreh}:mpmmnlydmﬂbadm 10
In conclusion, us discussed earlier In this presentation, for the preparation
I of all products, and plmml-ldy extracts, the most <ritical factors, mare thas
I the sophiticated techoologies to the instruments usod, are the quallty
and comistency of the raw vqrm material and the availability of an accuratc

‘methad for monltoring them. Only by ensuring an adeyuate quality of the original

material s it possible to obeain repeoducible peoducts without resordng 1o arvfal
dilutions or enrichment processes.




