IRIDOIDS OF PLANTS OF THE GENUS Gentiana FROM THE FAMILY GENTIANACEAE
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The review contains the results of an analysis of the literautre on the study of
plants of the genus Gentiana, family Gentianaceae Juss. The biological properties
of the iridoid compounds are described. Their physicochemical constants are also
given: the name of the substance, the melting point, the angle of rotation; de-
tails of the UV, IR and PMR spectra, and literature relating to them. The dis-
tribution of iridoid compounds in plants over the sections of the genus Gentiana
is given in the form of tables, and the material is discussed correspondingly.

GENERAL CHARACTERISTICS OF THE IRIDOIDS

Iridoids form a homogeneous group of monoterpene compounds. They are characterized by a
cyclopentanopyran ring structure (I) [1].

As can be seen from the general formula (I) in their chemical structure iridoid compounds
have as a basis two cyclic nuclei: one of them is an a-pyran ring and the other a cyclopentane
ring. A B-glucosylexy group is attached in position 1, and between the C; and C, atoms there
is a double bond forming a typical enol ether. 1In some cases there is also a double bond in
the cyclopentane ring. Almost half the iridoid compounds contain one carbom atom C,, and C;;
side chains which is in harmony with the biogenetic origin of these substances. These com-
pounds are characterized by the presence of oxygen-containing functional groups in the agly-
con in the form of hydroxy, alkoxy, and acyloxy or epoxide groups. The majority of iridoids
are found in nature in the form of glycosides [2, 3].

Iridoids were first isclated in the middle of the XIXth century, but only in 1958 did
Halpern et al. [4] propose the basic structure of the iridoids.

The intensive study of the iridoids began with the first half of the XXth century [5-9].

Numerous publications have been devoted to the study of the physicochemical properties
of the iridoid compounds, their classification, their botanical distribution, their biosynthe-~
sis, their isolation and the determination of their structures [l, 3, 10-21]. The history
of this study is also reflected in the various names that have been given to these compounds.
Thus, they have been called "pseudoindicans” from the blue color they form in an acid medium;
they have also been known as "aucubin glycosides." The name used at the present time — "iri-
doid glycosides" — is based on their link with the initial compound — iridodial, which was
first described as a substance obtained from ants (Iridomyrmex detectus) [22].

BOTANICAL DISTRIBUTION

Iridoids have been detected as natural components in plants of the families Apocynaceae,
Acanthaceae, Adoxaceae, Cornaceae, Caprifoliaceae, Daphniphyllaceae, Dipsacaceae, Eucommia-
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TABLE 1.

Main Physicochemical Constants of Iridoid Compounds

from Plants of the Genus Gentiana from the Family Centiana-

ceae
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0
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TABLE L (Continued)
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TABLE 1 (continued)
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Nonglycosidic iridoids of ~ various structures
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ceae, Gentianaceae, Globulariaceae, Hippuriadaceae, Hammaamelidaceae, Icacinaceae, Labiatae,
Lentibulariaceae, Loasaceae, Loganiaceae, Lamiaceae, Meliaceae, Monotropaceae, Menyanthaceae,
Montiniaceae, Myoporaceae, Orobanchaceae, Oleaceae, Redaliaceae, Plantaginaceae, Pyrolaceae,
Rubiaceae, Saxifragaceae, Scrophulariaceae, Sarraceniaceae, Valerianaceae, and Verbenaceae.
At the present time, about 250 iridoid compounds have been isolated from 300 plants belonging
to these families.

BIOLOGICAL PROPERTIES OF IRIDOID COMPOUNDS

A pharmacological study of the iridoids isolated from various plants has confirmed that
these compounds possess a fairly broad action spectrum.

Some iridoid compounds are similar in their biological action to antibiotics. Iridomyr-
mecin — an antibiotic produced by ants for their own protection — is a stronger insecticide
than DDT. D(+)~Isoiridomyrmecin exhibits antimicrobial action, suppressing the growth of Rhizo-
pue, Penicillium, and Aspergillus, although it shows no harmful influence on the multiplication
and growth of Staphylococcus, and Pseudomonas [23]. Genipikin and genipikinic acid suppress
the growth of Gram-positive and Gram-negative bacteria and the growth of the fungi Trichophy-
tor and Chlorella [24]. Plumiericin — a compound also possessing antimicrobial activity — is
used in various skin diseases [2, 11]. Aucubin is used in cases of dermatomycosis, in asthma,
and in cases of ulcer of the digestive tract [25, 26]. The iridoid glycoside agnuside im-
proves sexual function and at the same time exhibits a contraceptive effect [11]. Valepotri-
ates are used as a sedative in vegetative disturbances [11].

Suzuki has found a diuretic property in Catalpa fruit which is due to the presence
of iridoid compounds in them: catalposides and catalpol [27].

Verbenalin acts on the musculature of the uterus in a similar manner to ergotamine, rais-
ing its tonus and increasing the frequency of contractions [11]. Oleuropein and asperuloside
possess hypotensive properties [11, 28].



TABLE 2. Iridoids and Plants of the genus Gentiana L.
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A secoiridoid — gentiopicroside, isolated from various species of plants of the genus
Gentiana L. — possesses an antipyretic, analgesic, and cholagogic action [29]. 1In addition,
an antiinflammatory action has been shown for gentiopicroside [30].

IRIDOIDS OF PLANTS OF THE GENUS Gentiana L., FAMILY
Gentianaceae JUSS.

From the chemotaxonomic point of view, the presence of iridoid compounds is characteris-
tic for plants of the following families: Apocynaceae, Labiatae, Loasaceae, Menyanthaceae,
Oleaceae, Scrophulariaceae, Valerianaceae, Verbenaceae. The distribution of iridoids does not
correspond to the botanical systematics of plants of the Gentianaceae family, but at the spe-
cies level their presence sometimes links species and confirms a phylogenetic relationship.
This relates to gentiopicroside in the genus Gentiana L.

We have made an attempt to generalize information of the presence of iridoid compounds
for plants of the genus Gentigna L. (Gentianaceae Juss.). Until recently, 21 plants belonging
to this genus had been studied for the presence of iridoids, and about 10 iridoid compounds
had been isolated, the main physicochemical constants of these being given in Table 1. Com-
pounds are classified on J. Letisia's scheme.

The sugar component of the known iridoid compounds isclated from plants of the genus Gen-
tiana L., family Gentianaceae Juss., is D-glucose, the number and positions of its residues
varying.

The distribution of iridoid compounds in plants of the gentian genus is given in Table 2.

As can be seen from Table 2, the presence of gemtiopicroside is characteristic for all
plants of the Gentiana genus studied.

The distribution of gentiopicroside in the vegetable kingdom is limited, and it is found
only in plants of the Gentianaceae family.



Gentiopicroside (or gentiopicrin) was discovered in 1862 by Kromayer in the roots of
Gentiana lutea 1. [45], Tanret determined a presumable structure, but a number of authors
(Ashima, Korte, Canonica, and Pelizzoni) did not agree with such a structure [46]. A partial
structure was proposed by Canonica and Pelizzeni and was modified by them in 1961. The abso-
lute configuration was determined by Manitto and Pagnoni [47]. A reconsideration of the struc-
ture was carried out by Inouye in 1968 [48].

It must be mentioned that the Coelanthe and Preumonanthe sections of the Eugentiana Kusn.
subgenus have been studied in most detail, and the following, in addition to gentiopicroside,
have been found in plants of these sections: iridoid A, belonging to the iridoid glycosides
with a C-9 side chain, and gentioside, which belongs to the group with a C-10 side chain.

Popov and Marakov [31] were the first to isolate from G. asclepiadae, G. lutea , andG.
Punctata iridoid A and gentioside, which are precursors in the biosynthesis of gentiopicro-
side in these plants.

The presence of amarogentin, amaroswerin, and amaropanin (secoiridoid glycosides with
phenolic moieties) is characteristic for the majority of the plants of these sections that
have been studied.

Inouye and Nakamura [39] isolated amarogentin and amaroswerin from Swertia japonica.

Kariyone and Matsushima [10] isolated swertiamarin from S. japonica. Its structure was
determined by Kubota and Tomita [49] but was modified by Koch [50] and its stereochemistry was
determined by Inouye et al. [48].

The other species of plants of the gentian genus have so far been little studied for the
presence of iridoid compounds.
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FLAVOLIGNANS AND OTHER NATURAL LIGNOIDS: PROBLEMS OF STRUCTURAL ANALYSIS

V. A. Kurkin and G. G. Zapesochnaya UDC 547.9

In this review, literature information on natural lignoids ~ flavolignans, xantho-
nolignans, coumarinolignans, and neolignans — is systematized. Questions of the
structural analysis of this group of natural compounds are discussed.

At the present time, a fairly large amount of factual material on the class of natural
lignoids has accumulated, and therefore the necessity for its generalization has arisen. There
are reviews in the literature on flavolignans, but, as a rule, they relate to structural inves-
tigations and the pharmacological properties of compounds from milk thistle [1-5]. It must
be mentioned that recently information has begun to appear ever more frequently in the litera-
ture not only on flavolignans but also on other lignoids — coumarinolignans, xanthonolignans,
and neolignans. As a result of this, even today in structural investigations of these com-
pounds certain methodological approaches have arisen which are applicable to the whole class
of lignoids.

A feature of the structural investigations of natural lignoids is the fact that the com-
plete proof of their structure requires not only traditional spectral methods but also chem-
ical transformations (cleavage, synthesis, the preparation of various derivatives). The dif-
ficulties up against which workers have come in determining the structures of such compounds
are clearly demonstrated by the history of the first representative of the class of flavano-
lignins — silybin — the complete structure and absolute configuration of which were established
only as the result of synthetic studies. This required the efforts of many scientists of vari-
ous countries for more than 20 years [6-12].

In the present review, an attempt has been made to generalize information on all groups
of lignoids in the light of the problems that scientists solve in the course of structural
studies of compounds of this class.

All-Union Scientific-Research Institute of Medicinal Plants, Moscow. Translated from
Khimiya Prirodnykh Soedinenii, No. 1, pp. 11-35, January-February, 1987. Original article
submitted January 20, 1986,

0009~3130/87/2301-0007512,.50 © 1987 Plenum Publishing Corporation 7



