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Abstract. Helleborus multifidus subsp. istriacus is an endemie Illyric Dalmatian species, that in the 
north-Adriatic area occurs at the border between Italy and Jugoslavia, The entity produces two 
bufadienolides (hellebrin and glucohellebrin) in the hypogeal organs. Three types of population are 
identified on the basis of their quantitative variations and their distributive ratio between roots and 
rhizomes. Their ranges have been estabilished on a 140 Km 2 area near Trieste (Friuli-Venezia Giulia),
This distribution patterns seem to be related with a gradient in water availability. The correlation 
between phytochemical variability and variation of climatic factors, suggest that the investigated 
substances could have an adaptative value in respect with the ecology of the Helleborus entity. 

Introduction 

The present paper examines the distribution of chemical types of Helleborus 
multifidus subsp. istriacus in a part of the Karst area along the coast of the north
eastern Adriatic sea. "fhis area is the north-easternmost section of the Dinaric 
system. Precipitations ranges from 1000 mm/year on the coast to 1400 mm/year on 
the first mountains in the northernmost part, while in the east it reaches an average 
of 1600 mm/year. Illyrian species characterize the flora; they have often given origin 
to neo-endemie forms (Poldini, 1978). 

According to Merxmiiller and Podlech work's (1961) the group of studied plants 
is ascribed toHelleborus multifidus Vis. subsp. istriacus (Schiffner) Merxm. & Pod .. 
However, previous authors (Hegi, 1906; Fiori, 1923-1925; Schiffner, 1890) classify 
the taxon as subordinate to Helleborus odorus, present in the south-eastern Alps; 
our personal data (unpublished) reach the same conclusion. Without discussing so 
far here the systematic position of the entity we will call itH. istriacus in the present 
work. 

H. istriacus prefer calcareous soils and is bound to the cooler types of the
thermophytic woods. It figures among several phytosociological groups in the north 
Adriatic Karst region. In the part of the studied territory it is found in two 
associations: one situated at heights lower than 300 m, the other located above 400 
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m and in the transitiqnal region between these two association areas (between 300 
and 400 m). This relatively wide distribution implies probably a genetic diversity 
giving it such a plasticity. Very few studies have been done at an infraspecific level 
on the chemical variability of plant populations (Vernet et al., 1977a; 1977b; 
Lincoln et al., 1976; 1978; Geshenzon, 1978); nevertheless the study of thyme 
suggests that genetic diversity of oil polymorphism and wide ecologica! distribution 
are correlated. 

If many works have been carried out on the genus Helleborus L. (Wissner & 
Kating, 1971, 1974a, 1974b, 1974c; Petricié et al., 1967, 1971; Hardman & 
Benjamin, 1976, 1980) very little is known from a chemical point of view. A "in toto'' 
analysis of the hypogeal organs (Wissner & Kating, 1971, 1974a, 1974b, 1974c; 
Cioaca & Cucu, 1974; Vennes, 1977; Petricié et al., 1977; Kritikos & Philianos, 
1963, 1969; Hardman & Benjamin, 1980) has showed the presence of secondary 
compounds in such organs, especially two bufadienolides: hellebrin and glu
cohellebrin. But, nothing is known about an infraspecifical variability. Do chemical 
types occur in H. istriacus and, if any, what is their spatial distribution? 

Materials and methods 

Plant materiai and sampling 

We have examined a territory of 140 Km 2 located on the Trieste Karst (fig. 1). 
This territory is characterized by a uniform geologica! substratum (limestone). The 
area has been subdivided into a grid of 35 units (each of 4 Km 2). They are
distributed in the following way: 16 units in the area of the association Carici
Centaureetum rupestris (Area A), 1 O units in the area with a vegetation belonging to 
the association Chrysopogono-Centaureetum cristatae (Area C), and 9 in the 
transitional area (Transitional Karst) (Area B) (v. fig. 1). 

The 35 units of the grid are distributed along an elevation gradient (from the 
maximum altitude of 670 m at ESE to the minimum altitude of 250 m at WNW). 
This gradient corresponds to a gradient of increasing dryness, which can be 
identified on the basis of two entities: Satureja montana L. subsp. variegata (Host) 
P.W. Ball and Satureia subspicata Bartl. ex Vis. subsp. liburnica Silié. The first 
indicates drier conditions than the second (Poldini, in press). 

The number of units of the grid decrease from south-east to north-west, as the 
numerica! consistency of the entity H. istriacus becomes rarefied from east to west, 
where the north-western limit of its distribution lies. 

Two sets of samples were collected in every unit of the grid: 
a) samples of 15 individuals of the same age for immediate chemical analysis (3

year) (Coassini Lokar et al., 1982b, 1983), in the same phase of the biologica! cycle 
(maximum leaf development) (Coassini Lokar et al., 1982b, 1983), at random for 
three years consecutively; 

b) samples of 15 individuals (about one year old) were collected to test stability
of chemical characters after transplantation. They were transplanted and cultivated 
for three consecutive years in the greenhouses of the Botanica! Garden of Trieste 
University. After this period all the individuals, grouped according to the three 
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Fig. 1 - Map of distribution ofthe 35 units ofthe grid in the Karstarea (A= sub-montane Karstabove 
400 m; B = transitional area be twe e n  300 and 400 m; C = hilly Kàrst infe rior to 300 m). Area 
sample d for intraspe cific variability of H. istriacus.

areas of origin (A, B, C) were collected at the phase of maximum leaf-espansion; 
hypogean organs were analyzed, rhizomes and roots separately. 

Methods of chemical analysis 

The different underground parts of fresh plants were washed and air dried. The 
powdered (60 mesh) roots and rhizomes (1 g) were Soxhlet extracted first with 
petroleum ether (30-40°, 4 hrs) and then exhausted with MeOH (4 hrs). The MeOH 

extract was concentrated in a rotavapor and the residue dissolved in absolute 
methanol in a tared flask (10 ml). TLC methods are conveniently applicable to the 
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separation and detection of bufadienolides in plant extracts. Development with 
CHC1 3 : CH 3OH: H 2O = 4: 1: 0.2 (v/v); 100 µ.l of the methanolic extract applied in 
bands (quantitative determination). Spots or bands were dectected by UV fluo
rescence with a UV-254 light. Samples of the pure compounds (authentic markers) 
prepared by Hoffmann La Roche, Basel, Suisse. Lowest limit of detection was 2.5 
µ.g. The authentic markers and the compounds isolated from H. istriacus po
pulations were identified and characterized as such by their chromatographic 
behaviour (Rf) in a series of TLC systems, colour reaction with p-dimethy
laminobenzaldeid, UV-visible data, m.p., elementar analysis (Coassini Lokar et al., 
1983). Silica gel of bands area was scratched (purity of the sample thus obtained 
was at least 97%), eluted with spectral methanol, centrifugated (6000 r/min for 10'), 
treated with the specific reagent (4 ml), carried in tared flask (5 ml). After 1 h 30' the 
reaction was completed. The visible spectra were measured on a Perkin Elmer 
spectrophotometer with a data integrator. In hellebrin's visible spectrum there are 
three bands of absorption atÀ.�;?H = 500 nm (e = 1.449 ± 0.05 x 10 4), 400 nm, 540 
nm (shoulder). In glucohellebrin's visible spectrum there are two bands of 
absorption atÀ. �!?H = 498 nm (e = 1.435 ± 0.1 x 10 4), 540 nm (shoulder). e obtained 
by least squares from 13 observations in the concentrations range 0.0100-0.0600 
mg/ml. The sensibility for 0.0125 mg/ml was a n-i = 0.30577, a n = 0.24966. The 
content of bufadienolides determined in the different parts of fresh plants was 
calculated as percent of dry-weight (mean of three separated analysis). The Tables 
reported in text refer to average of samples collected in various grid's units in the 
course of three years. The variation from year to year is within ± 1.2% for hellebrin 
and within ± 1.4% for glucohellebrin, for a content of 1.0%. 

Methods of data analysis 

The analyzed samples have been grouped in to three classes according to the 
three areas (A, B, C) in which they have been collected. The three classes have been 
compared by stepwise multiple discriminat analysis (program discriminant of the 
SPSS package; Nie et al., 1975), using the data from the chemical analysis of 
hellebrin and glucohellebrin. Average values of 16 populations from the area A, 10 
populations from the area C, and 9 populations from the area B have been used. 

Analysis of the results 

a) Analysis on the wild populations.
The analyses which were separately performed on roots and rhizomes of H.

istriacus, gave the following results: 
- hellebrin (cardiotonic diglycoside) and glucohellebrin (cardiotonic trigly

coside) were present in all the samples which derived from the 35 units of the grid;
- hellebrin is always in greater quantities in the roots, while glucohellebrin is in

greater quantities in rhizomes, regardless of the place of origin of the sample;
- hellebrin is the bufadienolide always present in higher quantities.
The average percentage value in the hypogeal organs "in toto" in the 35 units of

the grid is 0.87. The same value for glucohellebrin is 0.33; 
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Table 1 

Samples hellebrin % in glucohellebrin % in 
heJlebrin + glucohellebrin % roots (V 1) rhizomes (V z) ratio (V 3) roots (V 1) rhizomes (V 2) ratio (V 3) in hypogeal part 

E1 Ez E ifE2 G1 Gz GifGz "in toto" 

I 1.040 0.608 1.711 0.391 0.434 0.900 1.236 
2 1.382 0.790 1.750 0.312 0.346 0.900 1.415 
3 1.335 0.769 1.736 0.598 0.665 0.900 1.684 
4 0.434 0.252 1.720 0.194 0.215 0.900 0.548 
5 0.575 0.328 1.752 0.246 0.269 0.916 0.709 
6 0.472 0.276 1.711 0.200 0.222 0.900 0.584 
7 0.940 0.533 1.766 0.310 0.341 0.909 1.062 

A 
8 0.793 0.457 1.734 0.376 0.412 0.913 1.019 
9 0.729 0.422 1.728 0.262 0.285 0.920 0.849 

10 1.425 0.807 1.767 0.330 0.367 0.900 1.465 
li 0.614 0.349 1.787 0.290 0.322 0.900 0.793 
12 0.851 0.497 1.713 0.346 0.385 0.900 1.039 
13 0.755 0.425 1.776 0.363 0.403 0.900 0.973 
14 0.581 0.336 1.728 0.153 0.166 0.917 0.618 
15 0.648 0.375 1.729 0.196 0.218 0.900 0.719 
16 0.667 0.389 1.713 0.242 0.268 0.900 0.783 

A 0.828 ± 0.18 0.476 ± 0.25 1.738 ± 0.020.300 ± 0.12 0.332 8 0.25 0.905 ± 0.07 0.969 

I 1.017 0.500 2.034 0.275 0.375 0.733 1.083 
2 1.001 0.497 2.014 0.284 0.382 0.744 1.082 
3 1.163 0.582 2.000 0.344 0.466 0.740 1.277 

B 
4 1.057 0.528 2.000 0.208 0.276 0.752 1.035 
5 1.233 0.611 2.000 1.190 0.230 0.739 1.117 
6 1.115 0.545 2.049 0.184 0.251 0.732 1.047 
7 1.420 2.000 0.289 0.388 0.746 1.742 
8 1.299 0.643 2.020 0.250 0.338 0.740 1.265 
9 1.272 0.614 2.071 0.351 0.470 0.747 1.354 

B 1.174±0.07 0.581 ± O.li 2.021 ± 0.030.260 ± 0.09 0.353 ± 0.075 0.741±0.007 1.223 

I 1.668 0.402 4.151 0.234 0.414 0.565 1.354 
2 1.554 0.378 4.116 0.214 0.377 0.569 1.262 
3 1.649 0.399 4.128 0.231 0.408 0.565 1.343 

e 
4 2.559 0.614 4.167 0.309 0.604 0.512 2.043 
5 1.762 0.429 4.110 0.238 0.420 0.567 1.425 
6 1.714 0.417 4.109 0.205 0.351 0.585 1.343 
7 1.747 0.420 4.159 0.212 0.370 0.573 1.375 
8 1.296 0.316 4.108 0.247 0.424 0.583 1.141 
9 1.802 0.439 4.107 0.280 0.485 0.577 1.503 

10 1.554 0.374 4.151 0.217 0.372 0.585 1.258 

e 1.731 ± 0.08 0.419 ± 0.20 4.131 ± 0.020.220 ± 0.07 0.385 ± 0.05 0.568± 0.024 1.405 

A, B and e mean value of A, B and C populations and standard error. 

Tab. 1 - Percentage of hellebrin and glucohellebrin in rhizomes (V 1) and roots (V 2), ratio roots/rhi
zomes values (Id= V 3), hellebrin + glucohellebrin content in hypogeal parts "in toto". 

Sampling populations/ 
areas 

A 
B 
e 

grid's units 

1-16
1- 9
1-10 

Id E 

1.7390 
2.0210 
4.1310 

Table 2 

± Un-I ±Un-I% Idc ± Un-I ±un-I% 

0.0247 1.42 0.9050 0.0075 0.83 
0.0254 1.25 0.7410 0.0066 0.89 
0.0239 0.58 0.5680 0.0239 3.75 

Tab. 2 - Distribution ratio of hellebrin (Id E) and glucohellebrin (Id e) between roots and rhizomes of 
the populations of H. istriacus from the three sampling areas (A, B, C) with standard errors. 
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Fig. 2 - Ordination of the three populations of H. istriacus according to the first two canonica! 
varieties of discriminant analysis, based on hellebrin data. 
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Fig. 3 - Ordination of the three populations of H. istriacus according to the first two canonica! 
varieties of discriminant analysis, based on glucohellebrin data. 

- the hellebrin content increases in the roots with increasing dryness; in the 16

populations of the area A the average content in the roots is 0.83, in the 9 

populations of the area B is 1.1 7 and finally in the 1 O populations of the area C is 
1.73; 

- in the hypogeal organs "in toto" the average values are respectively 0.65 (A),
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Fig. 4 - a. Distribution of the three chemical types of H. istriacus in the studied area. A = area of 
Carici-Centaureetum rupestris with Satureja subspicata subsp. libumica; B = transitional 
area; C = area of Chrysopogono-Centaureetum cristatae with Satureja montana subsp. 
variegata. 
Histograms represent the ratio of hellebrin content in roots (black) and rhizomes (white). 

b. Profile of the area along the transect AA'.
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0.88 (B), 1.08 (C); 
- the total content of the two bufadienolides (hellebrin + glucohellebrin)

increases from East to West, and is related with the three areas above considered: 
0.97 - 1.22 --+ 1.41% (A --+ B --+ C); 

- the glucohellebrin increases constantly in the rhizomes (0.33 --+ 0.34--+ 0.39%)
and proportionally decreases in the roots (0.30 --+ 0.26 --+ 0.22) with the gradient of 
increasing dryness; 

- the ratios between the percentage content of hellebrin and glucohellebrin in
roots and in rhizomes are constant for the populations of the three sampling areas 
(A, B, C). This distribution ratio has been marked as Id. Id E is the distribution ratio 
of hellebrin between roots and rhizomes and Ida is the distribution ratio of 
glucohellebrin. 

The results are summarized in the Table 1 and 2. 
- On the basis of hellebrin data, the discriminant scores were for area A = 

- 31.6125, for B = - 20.0522, for C = + 68.7452. On the basis of glucohellebrin
data, the average discriminant scores were for area A = + 14.39444, for area B = 

- 3.15378, for C = - 20.2559. The attribution of the samples ofH. istriacus to the
three different types is therefore highly significant (figg. 2, 3).

- The analysis of the simple variation between the three populations shows that
all the parameters taken into consideration for hellebrin are highly significant (V 1 

= 

.0001, V 2 = .0409, V 3 
= .0000; see Table 1). For glucohellebrin the only significant 

parameter is V 3 (V 1 
= .8511, V 2 

= .0957, V 3 
= .0000). 

-The parameter Id(= V 3) assumes a grater meaning in the case of hellebrin (F = 

2170,2910) than of glucohellebrin (F = 31221,2006). 
- Therefore we have identified three chemical types of H. istriacus, which differ

for the quantity of bufadienolides in the hypogeal organs and for their distribution 
pattern between roots and rhizomes. Their distributions coincide with areas of the 
two plant associations (respectively Carici-Centaureetum rupestris and Chryso
pogono-Centaureetum cristatae) and with the transitional area (fig. 4). 

b) Samples studied after three year cultivation in an experimental garden:
-the analyses performed on the samples transplanted and cultivated, grouped

according to the three areas of origin (A, B, C), show that the values of Id E and Id a 
remain constant and identica! to the values determined for the "spontaneous" 
samples. The samples which were cultivated have a slightly lower content of 
bufadienolides than "spontaneous" ones (Tab. 3). 

Conclusions 

The phytochemical investigations performed onH. istriacus allowed to study the 
relationship between the ecologica! adaptability of this entity and its distribution in 
the north-Adriatic Karst territory. 

As there are no meteorologica! data on the area from south-east to north-west, 
the variation of vegetation from the submontane to the colline Karst has been 
considered as an indirect measurement of the total climatic variations. 

By subjecting the quantitative data of the two bufadienolides present in the 
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Table 3 

Samples HELLEBRIN (x%) 

A 

B 
e 

A 

B 
e 

Tab. 3-

in "spontaneous" samples in cultivated samples 
roots rhizomes ratio Id roots rhizomes ratio Id 
E 1 E 2 E 1/E 2 E 1 E2 E 1/E 2 

0.830 0.476 1.741 0.798 0.458 1.741 
1.174 0.581 2.021 1.119 0.554 2.021 
1.731 0.419 4.132 1.700 0.410 4.139 

GLUCOHELLEBRIN (x%) 
roots rhizomes ratio Id roots rhizomes ratio Id 
G1 G2 Gi/G 2 G1 G2 G1/G2 

0.301 0.332 0.904 0.292 0.321 0.910 
0.262 0.353 0.742 0.250 0.341 0.734 
0.220 0.385 0.570 0.209 0.371 0.562 

Comparison between hellebrin and glucohellebrin contents (x%) in the "spontaneous" and 
cultivated samples of H. istriacus from the three zones. 

single hypogeal organs to discriminant analysis, it has been possible not only 
identify three chemical types of populations of H. istriacus but also establish their 
spatial distribution. The chemical type of H. istriacus with lower content of 
bufadienolides occurs in vegetation of association Carici-Centaureetum rupestris 

(area A). 
The chemical type with greater amounts of the two bufadienolides is within the 

association Chrysopogono-Centaureetum cristatae (area C).In the transitional area 
B there is a chemical type with an intermediate content of bufadienolides. 
Populations coming from these three zones are clearly strongly different, especially 
concerning root/rhizome ratio. Since there is a gradient of increasing dryness from 
the association Carici-Centaureetum rupestris to the association Chrysopogono
Centaureetum cristatae, it seems that the production of cardioactive glycosides can 
be correlated to the degree of dryness of the environment. 

A high correlation exist therefore between chemical type of populations and 
environment, characterized both by altitudinal position and species associations. 
The real factor influencing this distr1.bution, acting directly or indirectly, could be 
the dryness of the soil. 

The persistence of the differences between populations after transplant 
experiment in a same environment demonstrates gene tic differences between them. 

A preliminary study at individual level has demonstrated that all individuals 
present in each area have the same root/rhizome ratio. The chemical types are 
therefore probably chemical varieties. 

The hellebrin ratio does not vary according to climatic environmental factors or 
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to the degree of ripeness; it appears genetically determined and· submited to 

individua! selection, a point that shoult be further studied. Moreover, the studies so 
far performed suggest a possible ecophysiological role for hellebrin and glu
cohellebrin in H istriacus. 
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Riassunto. 

Helleborus multifidus subsp. istriacus è una specie endemica illirico-dalmatica, che nell'area nord
adriatica si colloca ai confini tra l'Italia e la Jugoslavia. L'entità produce due bufadienolidi (elle brina e 
glucoellebrina) negli organi ipogei. Sono stati identificati tre tipi di popolazioni sulla base delle variazioni 
quantitative di tali composti e sulla base del loro rapporto di distribuzione tra radici e rizoma. È stata
stabilita la loro distribuzione in un'area di 140 Km , nelle vicinanze di Trieste (Friuli-Venezia Giulia). 

Tale distribuzione sembra essere correlata con un gradiente di aridità. L'evidente correlazione tra 
variabilità fitochimica e fattori ambientali suggerisce che le sostanze investigate possono avere un valore 
adattativo nei confronti dell'ecologia del!' entità studiata. 
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