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Abstract-The Inter- and mtravariablhty of various populations of Glaucwmjauum m Israel were investigated The 
populations examined exhibit large variations m salt resistance as well as m alkaloid composltlon and content, and 
thus seem to constitute separate chemoecotypes Effects of salinity on alkaloid content were eqmvocal. m some 
populations salinity reduced the alkaloid content, whereas m others it had no effect. One population of G flauum 
contained no detectable amounts of glaucme, another had an average glaucme content of over 3 6%. The high 
alkaloid content makes such plants economically attractive for selection of high-yleldmg genotypes for glaucme 
and/or for lsocorydme production 

INTRODUCTION 

Glaucu~m flauum 1s one of the common plants growing 
along the coasts of the Mediterranean basin and Western 
Europe Plants of this species grow abundantly also m 
the inland continental habitats of Central and Western 
Asia. In Israel, Glaucmm appears m scattered stands 
along the Mediterranean coast from the high coast of 
Herzyha, m the Tel Aviv region, up to Achzlv m Western 
Galilee. In the past Glauclum was much more common 
along the coastal plain of Israel and its dlstrlbutlon 
reached the Gaza area However, m recent years Its 
distrlbutlon has declined, mostly because of human activ- 

1tY 
The scattered dlstributlon pattern of G flauum along 

the coast of Israel raised several questions. Some of them 
are of a phytogeographlcal and of a genecologlcal nature 
and include the question of the species origin, the time of 
Its appearance m Israel, the efficiency of the geographic 
barriers which exist between the various populations and 
the state of its taxonomlc and ecophyslologlcal evolution 
The other problems which arise have practical lmph- 
cations For example, do the various populations of 
Glaucium differ m composition and what are the alka- 
loids which accumulate m the various local populations 
of Glaucrum m Israel? 

At least 18 different alkaloids, with a very similar 
structure, are reported m G flauum [l, 21 Moreover, 
different chemoecotypes were distmgmshed previously in 
plants from Iran [3, 41. These chemoecotypes vary in 
alkaloid content and composition, with some of the 
populations containing specdic alkaloids which are missing 
from the others. 

From previous experience we know that exposure of 
various species of plants to salt-stresses has a stlmulatlve 
effect on the production of their secondary metabohtes 
[S, 63. Thus, as salinity IS one of the major selective 
factors m coastal habitats, the content of glaucme [7, 81 

in G jiauum plants which we have collected at different 
sites m Israel and later grown m the laboratory under 
different salt stresses was investigated 

RESULTS AND DISCUSSION 

Irrigation of G. flauum plants with salt solutions affec- 
ted their growth and constltutlon. Considerable differ- 
ences were observed between the various populations. 
The C population showed the highest survival m the high 
salt treatments, whereas the Sh population was the most 
sensitive to salinity 

Analyses of the alkaloid content of leaf-extracts taken 
from wild plants showed that glaucme (5,6,6a,7- 
tetrahydro-1,2,9,1O-tetramethoxy-6-methyl-4H-dibenzo- 
qumohne) was present m all populations examined except 
Sh. The concentrations of glaucme varied greatly among 
mdlvldual plants and among populations (A 3.7% *O 7, 
C 1 8% Ifr 1.0, S 2 1% +0.2 dry wt) Similar variations 
were also detected m the content of the other alkaloids 

(Fig. 1) 
The content of glaucme m plants of population A was 

the highest among all populations investigated In plant 
material which was collected m the field, the average 
concentration of glaucme was 3 6%. Concentrations of 
up to 5% (dry wt) were not uncommon among individual 
plants In the laboratory grown plants, the glaucine 
content of plants of the same population, was slgmfi- 
cantly higher with an average value of 5% 

The Sh population contained no glaucme, the major 
alkaloid being isocorydme (1,2,10-trlmethoxy-6a- 
aporphm-1 l-01) with a mean content of 3 2% kO.75 dry 
wt. 

Two addmona alkaloids appeared m Israeli Glauczum 
plants m a scattered pattern and m low concentrations 
They were identified as lsoboldme (C,,H,,NO,, 
5,6,6a,7-tetrahydro-l,lO-dimethoxy-6-methyl-4H-dlben- 
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Ftg I Relattve content (% total alkaloid content) oftsocorydme, tsoboldtne, glaucme and salutartdme m dtfferent 

spectmens of each of the four examined populattons of Glauc~um jut urn (A, Sh, C and S) Plant maternal was 
collected m the field Each sub-column represents the results from one plant, whereas all plants ofeach populdtton 

dre grouped together m order to give the mtrapopulatton vartabthty 

zoqutnoltne-2,9-dtol, M, 327: mp 1788180”) [9] and salu- 

tartdtne (C,,H,,NO,, 5,6,8,14-tetradehydro-4-hydroxy- 
3,6-dtmethoxy-17-methylmorphinan-7-one; M, 327, 
mp 197.-198’) [lo] The former alkalotd has been extra- 
cted before only from Croton or Papaoer [l l] but not 
from Glaucrum 

The yield of glaucme m laboratory-grown plants was, 
m many cases, higher than that from plants collected m 
the field On the other hand, exposure of the plants to salt 
stress had an extremely vartable effect In most cases tt 
reduced the glaucme content m the plants of the moder- 
ate sodium chloride treatments Nevertheless, sahmty 
tended to raise the content of glaucme m the high-salt 
plants (Ftg 2) A stmtlar effect of NaCl on the content of 
tsocorydme and of salutartdme was observed m plants of 
popuiatton C, but not m plants of any of the other 
populattons mvesttgated Only plants from populatron S 
were unaffected by the salt treatments 

The appearance of apparently new ecotaxa within 
populattons of G.~‘Iauum m Israel could be the outcome of 
two factors It mtght be a consequence of the mtroduc- 
tton of these plants from dtfferent sources It might also 
be a result of local selectton pressures wtth the conse- 
quent change m genettc constttutton and m gene fre- 
quency of the various plant populattons Some of the 
changes are apparently adaptive, whereas other charac- 
tertsttcs might be by-products of one of the mam evol- 
uttonary processes 

The plants of all four populatrons of G jiauum which 
were mvesttgated look, superfictally, very much the same 
Only a few spectmens had some peculiar features whrch 
enabled the observer to distmgutsh them from the others 
However, careful exammations m the laboratory show 
clearly that the plants dtffer tn several baste, chemical and 

phystologtcal characteristtcs 

The appearance of such mhertted characteristtcs, 
together wtth some morphological features and the intra- 

and mterpopulatton vartattons m the chemical constttu- 
tron, mdtcate that the various populations of G jiauum m 
Israel are m an acttve evoluttonary process of ecotypic 
differentiatton and, therefore,Justtfy then classtficatton as 
distmct chemoecotypes The fact that some of the popu- 
lations of this plant m Israel have an extremely htgh 
content of alkalotds-over five ttmes more than other 
populattons of Glaucu~m m other countrtes---provtdes 
another mdicatton that these plants are at an active state 
of evolution 

It IS commonly accepted that envtronmental stresses 
tend to ratse the content of alkalotds m plants [l, 21 
Apparently this IS not the case m G j?acum, where more 
alkaloids accumulated under the luxurtous growth 
conditions of the laboratory, rather than under the water 
and salt stresses of the natural habttats Thus, accumu- 
lation of such alkalotds m Glaucrum would appear to be 
the result of a constructive metabohc pattern rather than 
that of a catabolic one 

The questton as to whether the different populattons of 
G @XIWI m Israel are mdtgenous and have origmated 
from one source or whether they had been mtroduced 
several times from several sources remains open How- 
ever, the striking stmilartty whtch was described between 
one of the populattons of Caesarea and some populattons 
near Naples, Italy [12] hmts that both posstbtlmes may 
hold true concomttantly 

EXPERIMENTAL 

Plant maternal for analysts was collected etther m the field or 

u-r the Tel AVIV Umverstty Botamc Gardens where plants from 

the vdrtous populattons were culttvated Care wds tdken to 

grow only plants from a well defined ortgm, CIZ Achztv--A, 

Caesarea--C, Srdm-Ah S, Shtqmona- -Sh The plants were 

grown etther m garden beds, or m sand culture, and irrigated 

wtth Hoagland’s nutrtent sol Plants were trrtgated every second 
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Fig. 2 Effects of lrrlgatlon with NaCl on the average alkaloid content (% dry wt) m the four Investigated 

populations of Glauc~umJauum Plants were grown m the laboratory 
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Fig 3 ‘H NMR spectra of the mam alkaloids of Glauczum~auum (Expansion of the aromatlc-H region) 
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day with the nutrient solution to which vartous concns of NaCl 

were added 

Alkaloids were extd as follows Leaves were freeze-dried, 

ground, wetted with NH,OH (15% v/v), extd x4 wtth CHCI,, 

extd with 5% v;‘v H,SO,, extd x 3 with petrol and finally extd 
agam with CHCI, Identrficatton of alkaloids was achieved by 

NMR and MS, as well as by mp, the results were compared with 

the ht NMR spectra were measured dt 90 or 270 MHz Mp5 arc 

uncorr Quantltattve determtnatlons were made followmg extn 
of leaf samples of 10 g dry wt 

For each of alkaloid ext an NMR spectrum was taken 

Resonances at cSH 6-9 ppm (Fig 3) were compared wtth those ol 

the pure alkaloids The quantrtatlve cornposItIon wa\ calculated 

from the nrea ratios of the non-overlapplng peaks for the four 

aikdloldb Glaucme was determmed from the proton band at hH 

8 09 ppm, lsocorydmc at tiH 8 83 ppm, Isoboldme at 6H 

8 01 ppm and salutarldme at bH 7 65 ppm 
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