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SYMMARIVM — Auctores ostendunt preprietates proanthocyanidinarnm
dinroerarum, quae¢ ex binis catechinarum unitatibus constant (catechinae
sunt anthocyanidinarum praecursatrices), Proanthocyanidinae ex compiu-
ribus  plantis  extrahuntur; earmm  antem  structura  determinata est  per
wethodos chemico-physicas el per earum reactiones demolitionis, Auctores
novas proanthocyanidinas multas  describunt, et antimithoticam quanm.
dam actionem illustrant.

Proanthocyaniding are flavans derivatives which by treat-
ment with diluted mineral acids give origin to anthocyanidins,
the red and blue pigments of flowers.

The chemistry of proanthocyaniding has been fully deve-
lopped only in the last ten years and made possible both hy
the use of ncw an efficient preparative methods of separation,
mainly chrematography and by the modern physico-chemical
approach for the determination of the structures, like high
resolution nmr and mass spectroscopy.

Paper presented on April 13th, 972 during the Plenary Session of
the Pontifical Academy of Sciences,
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Proanthocyanidins are monomeric and dimeric. Mono-
meric proanthocyaniding ar 3,4 flavan-diols, known also as
Jeucoanthocyanidins, are costituted by one C-15 unit.  They
represent one stage of oxidation of the flavan system and
they may be derived from flavonols.
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Dimeric proanthocyaniding, are formed by two flavan
units linked between C-4 and C-8 and thus constituted of 3o
carbon atoms.
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Since their first discovery by WrmnGEs [r1] in 1901, a
number of dimeric proanthocyanidins were isolated and cha-
racterized.

The interest of these substances is not only related to
their function in the intermediate metabolisnl of tarmins in
plants and to the biogenesis of catechins, but also {o their
inhibifing aclivily of mitosis [2].

For these reasons we consider inferesting to report here
the present knowledge of this group of substances on the basis
of the results both from litterature and from the researches we
have developped in this field since 1967.

‘The dimeric proanthocyaniding may be classified in regard
to the anthocyanidin they give origin: we shall thus have
procyaniding, propelargoniding, prodelfiniding, ete.

On the other hand we must consider how the two half
moicty of the melecule are linked together, being formed
by condensation of two catechin units,

In this case we may have dimeric proanthocyaniding
with O:H ratio of n:2n, the so called proanthocyaniding A
and by those with the O H ratio of n:2n + 2z, that is, the
preanthocyaniding B.

Proanthocyaniding A are less frequently found in nature
than those of the group B, and were isolated from Cola acumi-
nata, Aesculus hippocastanus and Vaccintwm wilis idea; their
raw formula is CaplaO: .

Their structure is not yet completely clarified. According
to WrinGes [3] the C-q4 of the apper molecule is directly
linked to the C-8 of the lower molecule; a second linkage,
formed by an ethercal bridge, is present between the two
halves molecules,

More frequently are found in plants the proanthocyanidins
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of group B. They are conslituted by twa hemimolecules not
necessarily symmetric linked together by a -4 C-8 bond.

A Cao Has Qg
B:Cy He O +HCt

&

HO
/H
C/c\o‘n Anthocyamdm

Catechin

Physicochemical considerations, reactivity of the system
and the synthesis are in accordance with this structure [4].

In the case of procyanidins, i.e. of proanthocyanidins
which by hydrolysis give cyanidin and catechin, there are
5 centers of chirality and thus 32 possible isomers,

The possibility of existence of these stercoisomers were
[5] limited by the fact that the configurations of natural
catechins, from which procyanidins probably arve formed by
condensation and dehydrogenation, are only those of (+)
catechin and (—) epicatechin, the only two forms of cateching
sofar found in nature.

The four possible products resulting from the combinations
of these configurations were in effect isolated in plants and
named Procyanidin By, Bz, Bs and B (Table I).

The absolute configuration of these procyaniding can be
established hoth from cleavage experiments and by the measure
of the coupling constanis of the protons on the asymmetry
centers.

In order to interpretate the stracture of dimeric proantho-
cyanidins it is important to consider before the sterecchemistry
of catechins.
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TasLe 1 - Dimeric procyaniding.
Caold201
13, {(—) LEpicatechin {+) Catechin Cola acuininala, Proso-
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13, (—-) Lipicatechin {~-} ipicatechin
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The catechins are 3-flavanols with two asymmetry centers
at C-z and C-3.
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Four stereoisomers are therefore possible i.c. (+) cate-
chin (—) catechin, (+) epicatechin and (—) epicatechin.

Till the last year on the basis of the study of a great
number of plants it was believed that only {+) catechin and
(—) epicatechin were present in nature, beeing the others,
found some times in minute quantities, artifacts formed during
the extraction by the epimerisation of the formers.

Drrre Mownacur, Ferzxart and Marmvy Brrrono  [6]
have recently and unambigously demonstrated that (+) epi-
catechin may be found in high concentration, in respect to
other catechins in Chaemaercps hunilis (Palmae) (0,6/kg.
respect to 0,1 g/kg.); moreover experimental conditions are
such that no epimerisation can take place.
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As a further confirmation of the first finding in nature
of () epicatechin, is the fact that in the same plant is present
a new procyanidin, type B3, which is formed, as we have
demonstrated on the basis of the coupling constants of the
nmr spectram, and cleavage experiments, by the union of two
moiccules of (+) epicatechin.

On the basis of this finding we may argue that other
procyaniding may exist derived not only from the union of
() catechin and (—) epicatechin but also from the com-
bination of the other two stereoisomers which were before
considered not be present in nature.

The above reported considerations on catechin and epica-
techin can be extended to all natural substituted catechins.

Among these are known {o occmr in nature {+) afzelechin
and (—) epiafzelechin, {+) gallocatechin and (—) epigalloca-
techin, { + ) fisidano! (—} robinetidinol and (—) epigallocatechin-
4-methyl-cther.

Among these catechins it was never found one with the
{+) epi configuration, before the finding of (+) epicatechin in
Chamaerops humilis [67]. This results were successively con-
firmed by Drrre MonacHE, Frrrarlr and MARINI-BETTOLO
(71 studying various plants of the Palmae families were it
was possible to establish the presence of this slerecisomer.
This was also, confirmed by the fact that also {+) epi-af-
zelechin was found in Livinstonia chinensis.

New proanthocyaniding, probably of the B type, were
found also in these plants, so that we may argue that several
other procyanidins of type B may be oblained from natural
sources, resulting from the symmetrical and also asymmetrical
combinations of catechins end epicatechins.

The finding in Quratea sp. of a proanthocyanidin which
yiclds by treatment with diluted mineral acids pelargonidin
and a new catechin (—) epigallocatechin-4’-methyl-ether indi-
cates the existence of asymmetric dimeric proanthocyani-
ding [8].
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Moreover during the studies on this proanthocyaniding it
wag found that, both from Ouratea and Chamacrops, two proan-
thocyaniding differring only for the configuration at C-4 may
be isolated. This was proved because both stereoisomers
yield by cleavage the same products.

In Table IT we report the proanthocyaniding of tyvpe B so
far found in plants.

TagrLe 11 — Iimeric proanthocyaniding,

Cael 10y {(—) Epiafzelechin (-=) Epi-4~Methoxy- Quralea sp,
gallocatechin

Ciol 1560, {+) Fisidenol (+) Catechin

CallO, {-—) Robidenol () Catechin Acaciae Mearnsii

Caoldz0yy (—) Robidenol (+} Gallocatechin

Cal2:G (1} Gallocatechin (1) Catechin Myrica Nagi

Cagl a5 (+) Gallocatechin {+) Gallocatechin

On a biogenctical basis dimeric proanthocyanidins may
be considered formed by the condensation of the enzymatic
dehydrogenation products of two catechin molecules or by
the condensation of ene molecule of leucoanthocyanidin with
one of catechin.

The finding in a single plant of the catechins, which
constitutes the proanthocyanidin present in the same plant,
and the absence of the corresponding leucoanthocyaniding, is
in favour of the first hypothesis.

The structure of dimeric proanthocyaniding can be esta-
biished, as above reported on the basis of their chemical
behaviour.
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By hydrolysis with diluted HCl of the proanthocyanidin
the anthocyanidin chloride and the catechin are obtained. The
anthocyanidin corresponds to the upper part of the molecule
and the catechin fo the lower [10].

OH
oM (5) 7 Nyeow  sHo. .
= - :
L

HCL

(Im)

Another very usefull method to determine the structure
of proanthocyanidins is the cleavage with thioglycollic acid
followed by methylation.

In these -conditions the thioglycollate of the flavan, cor-
responding to the upper part of the molecule is obtained, and
the corresponding catechin.

The advantage of this type of cleavage is that the {lavan
has the same slercochemistry ot C-z and C-3 as the upper
part of the molecule, whereas the acid cleavage does not give
any information on this point because of the suppression of
the asymmelry centers.

The configuration of the various asymmetry centers can
be also deduced on the basis of the coupling constants in nmy
spectroscopy of the protons 2, 3, 2, 37 {II1). More difficult
is the interpretation of coupling constants of the proton at C-4.

9
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Also the products obtained in the cleavage experiments
can offer informations trough their nmr spectrum about the
sterecochemistry of the parent proanthocyanidin, mainly the
thioglycollate of the flavans.

CH,0
TGA,CHyN,  (CH3CQ), 0 - Pyr

(ur)

S-CHy= COOCH,

In the previous cases the spin decoupling experiments in
the high resolution spectrometry are very usefull in order
to establish the absolute configuration of these products.

A considerable help is also given by the use of MS spec-
trometry, trough the interpretation of the ion fragmentation
which enables us to correlate trough the ions formed various
dimeric proanthocyanidins.

The interest for this new group of natural substances
is not only due to their role in the biogenetic pattern of the
secondary metabolism of many plants, but alse to their effect on
tumor growth as reported by various Authors [2, 11].

The first report indicate a general antitumoral effect of
some tannins [2]; recently Oriveira et al. have performed
a number of experiments with different calechins, tannin and
dimeric proanthocyaniding on solid tumors in vivo [11].

The results indicate that catechin are inactive whereas
the dimeric proanthocyaniding and in particular « Quralea
proanthocyanidin » give significant inhibition of the growth

10
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and even a reduction of solid tumors in vivo (WALKER sar-
coma 258).

More complicate molecules of the same flavan type, like
the so called Polymer C of Persea gmi‘issima, shows very
promising activity in the same test.

It is not easy the interpretation of the antitumoral ac-
tivity of a substance, whose active group are phenolic hy-
droxyls, Oriveira et al. [11] suggest that the antitumor
activity of these substances depends from their affinity for
proteins and from a meccharism similar to that of the tanning
of leather with phenolic substances. This explanation altough
targely based on well demonstrated reactions does not clarifie
the specificity of the action between normal and cancerous
cells.

In the last years a number of substances, mainly anti-
biotics have been studied in relation to their hability in
blocking proteic synthesis at various Ievels.

For actinomycin the mecchanism is explained by a spe-
cific interference of this molecule with the double helix of
DNA, were the active molecule can intercalate [127.

In order to produce the same effect, in the case of dimeric
proanthocyaniding, two factors should be present. Tirst the
size of the molecule and the relative distances between
active groups should be in range, which would enable the
molecule to intercalate in the DNA; secondly the molecule
must bear active groups which can react with the DNA basis.

Conformation of the molecule must be also taken in
account in order to explain the interaction of the groups.

Several mechanism have been proposed to interpretate
the antitumoral activity of synthetic and natural drugs.

Many substances can be considered alkylating agents:
in this case is possible that drug interact with DNA, forming
twin strands by reaction with 7-N of two adiacent guanine
molecules.
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Antimetabolites, like fluorouracil and methotrexate inter-
fere with the formation of the DNA.

No explanation was so fare given to explain the acitivity
of vinblastin and vincristin, the dimeric alkaloids of Vinca.

Proanthecyaniding may be considered rather related, to
the latter not for their funclional groups, but for their dimen-
sions and shape.

The model and conformational analysis indicates for
proanthocyanidins a flat conformafion of the moiety of the
molecule and thus the possibility to fit in DNA between
two basis as reported for acridine molecule by Lerman [137.

The distance between the two phenyl groups in one of
the possible conformations of proanthocyaniding, aboul 3.4-
3.6 A is in accordance with the distance between two basis in
the helix [14].

Physico-chemical and biclogical experiments are in course
with the aim of establishing the mechanism of action of these
and other dimeric molecules in the processes of mitosis.

12
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