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 ABSTRACT.^ higher plants collected from various parts of Catalonia, 127 species were 
screened for alkaloids. Of these, 97 had not been reported previously in the literature as being al- 
kaloid-bearing plants, and only one reference on the presence or absence of unknown alkaloids 
has been found for each ofthe other 30 plants. The presence ofalkaloids in 13 plant species is re- 
ported for the first time. 

A search for alkaloid-containing species of flora in Catalonia, Spain, was initiated 
by us (1) in 1979 in order to find new alkaloid-containing plants and eventually new al- 
kaloids that could later be studied chemically and pharmacologically. It is remarkable 
that no information is available concerning the Occurrence of alkaloids in the species of 
our flora. 

Of about 400 samples that we have tested, we repeat those for which we have not 
found any bibliographic reference (97 species), in order to contribute to the knowledge 
of new alkaloid-containing plants. In addition, species for which we have found only 
one reference relative to the presence or absence of alkaloidal compounds (without 
specifying their structure) are also included (30 species). 

In order to determine whether the plants included in this work had previously been 
reported to serve as a source of alkaloids or of compounds giving alkaloid-positive reac- 
tions, we have consulted the comprehensive reference works of Willaman and Li (2), 
Smolenski, et al. (3-9), Fong, et al. (lo),  Hartley, et al. (1 l ) ,  Raffauf (12), as well as the 
Specialist Periodical Reports “The Alkaloids” (13,14). 

EXPERIMENT& 
In our selection of methods for extraction and purification of alkaloids from plant material, as well as 

the alkaloid-precipitating reagents, we took into account the observations of Farnswonh (15) and Euler 
and Farnsworth (16) on the advantages and disadvantages of the known procedures. 

The samples were collected by us and verified by the Botanical Institute of Barcelona, where voucher 
specimens for each plant have been deposited. Plant material was first air-dried and then subjected to 
further drying in an oven with a hot-air current at approximately 50’. 

Because application of the usual alkaloid-precipitating reagents to crude plant extracts will result in 
some false-positive reactions (17), a procedure was developed in which an initial test was carried out on the 
crude extract, followed by a confirmatory test on extracts giving a positive reaction. 

PRELIMINARY ‘rEsT.-Powdered plant material (20 g) was extracted by boiling 96% ethanol for 5- 
10 min and then macerating at room temperature for 24 h. Filtration of the mixture provided a marc and an 
extract. The extract was evaporated to dryness in v a s 0  at 35-40’, and the residue was dissolved with 2 N 
HCI (5 ml). The acidic solution was clarified by mixing with Hyflo Super Cel and filtering. The filtrate was 
tested with a few drops of the following alkaloid-precipitating reagents: Wagner’s (18), Dragendorffs 
(18), Scheibler’s (18), Sonnenschein’s (159, Bertrand’s (20), Valser’s (2 1) and Hager’s (18). 

CONFIRMATORY TEsT.-For the plant extracts giving a positive reaction in the preliminary test, a 
confirmatory test using 100 g ofdried and powdered plant material was made as described above, up to the 
point following filtration of the Hyflo-Super-Cel-treated extract. The filtrate was brought to pH 10-1 1 
with ammonium hydroxide, and this alkalinized solution was shaken with chloroform. The chloroformic 
layer (nonquaternary alkaloids) was evaporated to dryness and the residue dissolved in 2 N HCI (2 ml). The 
aqueous solution (quaternary alkaloids, including N-oxides) was extracted with chloroform-ethanol (3:2 vl 
v), and the organic layer was evaporated to dryness and then the residue dissolved in 2 N HCI (2 ml). 

Aportion of both tertiary and quaternary alkaloid solutions was tested with the alkaloid-precipitating 
reagents mentioned above. These results were compared with standard alkaloids according to the criteriaof 
Martello and Farnsworth (17). 
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Another portion of each solution was chromatographed on Silica Gel G plates with a mixture of n- 
butanol-acetic acid-water (4: 1: 1 v/v) as a developing solvent (22), and alkaloid spots were revealed with the 
Munier and Macheboeuf modification of Dragendorff's reagent ( 2 3 )  and with the iodoplatinate reagent 
(24). This allowed us to estimate the approximate number of alkaloids in each extract. 

The alkaloid content of the plants was also estimated from the chloroformic and chloroform-ethanolic 
extracts by titration with 0.01 N p-toluenesulfonic acid in chloroform using dimethyl yellow (0.5% in 
hexane) as indicator (1 1). However, as the molecular weight of every one of these possible alkaloids is un- 
known, the values are reported in mEqi100 g dry weight. 

RESULTS AND DISCUSSION 

We have tested 127 species representing 102 genera, belonging to 43 families. 
These are presented in Appendix 1, arranged alphabetically, according to plant family, 
together with their botanical names, date of collection, plant parts, and results of the 
screening tests, along with references to earlier investigations. 

Samples have been classified as positive, negative, or doubtful. An extract was con- 
sidered as containing alkaloids when it presented an average result of "+" with the al- 
kaloid-precipitating reagents, a minimum of 0.03 mEql100 g dry weight in the titra- 
tion, and at least one spot on the chromatograms. Sometimes, even though one of these 
three conditions failed (i.e., tlc), a sample was considered as alkaloid-containing, if the 
other evaluation criteria were strongly positive. 

Of the 127 plant species, 89 (70%) gave preliminary positive tests for tertiary and/ 
or quaternary alkaloids, including primary and secondary amines, as well as N-oxides. 
There are 18 species (14 of the total) that gave confirmatory positive tests for alkaloids, 
and 13 of them have not been reported previously in the literature. The new alkaloid- 
containing species are found in the families Caryophyllaceae, Compositae, Cruciferae, 
Dipsacaceae, Legurninosae, Linaceae, Orchidaceae, Plantaginaceae, Scrophulariaceae, 
and Umbelliferae. 
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APPENDIX 1. Results of alkaloid weening of plant samdes 

AQUIFOLIACEAE 
lie% ququrfolzum L. . . . . . .  

ASPIDIACEAE 
Polyftichum rerifmm Woynar . . . . . .  5/8( 

Alnui gfutznora (L.) Gaenner . . . . . .  617: 

L~tboipmnumfhicoium L. . . . . . . .  5/75 
Lithorpmnum of i znu le  L. . . . . . . . .  9/75 
Myoiorri a m i i i  (L.) Hill . . . . . . . .  5/80 

BETULACEAE 

BORAGINACEAE 

CAMPANULACEAE 
Campanula rapuncului L. . . . . . . . .  6/79 

CAPRIFOLIACEAE 

L o n i r m  rmplnra Aiton . . . . . . .  5179 

CARYOPHYLLACEAE 
Dianrhwpyrmurcui Pourrcr . . . . . . .  8/79 

- .  

Confirmatory test 

Terriary alkaloids Quaternary alkaloids 

None 

None 

N(19) 

None 
Vone 
Gone 

Gone 

4 (9 )  

4one 
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Farnilv-Botanical name 

Mwhrrngra trrnmiu (L.) Claim. . . . .  
Saponuria aymoider L. . . . . . . . .  
Silenealba Miller . . . .  . .  
Steliarru holoitea L . . . . . . . . . .  

CISTACEAE 
Ciitur albtdui L. . . . . . . . . . .  
ciirur mrrpur L. . . . . . . . . . . .  
Critur monrplienrrr L. . . . . . . . . .  
CIltuJ iu/Lraefo/rur L. . . . . . . . . .  
Helrantkmum apnninum (L.) Miller . . 
Helranthwm gvttatvm (L. Miller . . 
Helrantkmum nummularium (L.) Miller . 

COMPOSITAE 
Anagclui t'aientinur L. . . . . . . . .  
Andvala rntegrifolra L. . . . . . . .  
Centaurea arpera L. . . . . . . . . . .  
Centaurea nigru L. . . . . . . . . . .  
Centaurea panrculata L. . . . . . . . .  
Centaurea pertrnata L. . . . . . . . . .  

Crrirvm monipiiulanum (L.) Hill . . 
Crepir reircana L. . . . . . . . . .  
Doronicum pardalianchei L. . . . . . .  
Galactrtei tomentora Moench . . . . .  
Helyhqrum itoerhur (L.) Moench. . .  
Matrrcana rnodma L. . . . . . . . .  
P r m r  echioider L. . . . . . . . . .  
Suntoirnacha~parr isur  L. . . . . .  
Tolprr barbuta (L.) Gaenner . . . .  
L'rorpemum dalechamprt (L.) Scop. . . .  

CONVOLVULACEAE 
Convolr'ulur althaeordei L. . . . .  

CORIARIACEAE 
Conaria m>rrifolia L. . . . . . .  

CRASSULACEAE 
Sedum r e d y m e  uacq. ) Pam . . 

CRUCIFERAE 
Brrcutella Iamrgata L. . . . . . . . . .  
Erucurtrum mrturtiifolium Schulz . . 
Eqrrmumgrandr,4orum Desf. . . . . .  
HmchJildia incana (L.) Iagreze-Fossar . 

CUCURBITACEAE 
Bqonru cretrra L. . . . . . . . . . .  

CUPRESACEAE 
Junrperrrr 0X)CedrYi L. . . . . . . . .  

CYPERACEAE 
Carexpendula Hudson . . .  

DIPSACACEAE 
Kmutiu urveniri (L.1 Coulr . . . . .  
Scabioia maritrma L. . . . . . . .  

ERICACEAE 
Arbutur unedo L. . . . . . . . . . .  
Erica artureu L. . . . . . . . . . . .  

EUPHORBIACEAE 
Euphorbia charuciar L . . . . . . .  
Euphorbra segerulir L. . . . . . . . . .  

- - 

% 

5 .  c :  

. K !  

2; 

- 
51% 
6/8( 
51% 
6/8( 

5175 
6/8C 
5175 
5175 
618C 
618C 
618C 

6179 
6/79 
6175 
8179 
8179 
6/80 

8179 
5/80 
5/80 
5180 
6179 
8/79 
6179 
6/80 
6180 
5179 

5179 

5180 

7179 

7179 
5/80 
5/80 
5179 

5/79 

5/79 

5/80 

it79 
5/79 

ii79 
it79 

i179 
'179 

APPENDIX 1. Continued - - 

I 

5 - c. 
c 

2 

- 
PI 
Px 
Px 
Px 

Px 
Px P I  

?I 
'X 

'1 
'X 

'X 

?r 
)X 

JX 

JX 

)X 

'I 
)X 

'X 

'X 

xr 
)X 

)X 

'X 

'X 

'I 

'X 

f 

'X 

'I 
'x 
'I 
X 

IX 

'X 

X 

X 

X 

f 
X 

X 

X 

- - 

I 

I 

d 

- 
i 
i 
i 
i 

t 

t 

t 
t 
t 
t 

t 
t 
t 
t 
t 
t 

+ 
+ 
+ 

- 

+ 

- 

- 

+ 
+ 
+ 
+ 

+ 

- 

t 

t 
t 

- 
- 

t 
- 

Confirmatory test 

Tertiary alkaloids 
- 

C 
0 
e 
i; 

0.01 
0.01 
0.02: 
0.W 

- 

0.00( 

0.011 

0.02; 
0.02; 
0.02: 
0.054 

0.OM 
0.011 
0.022 
0.00C 
0 011 
0.011 

0.011 
0.ooc 
0.011 

0.033 

0.011 
0.022 
0.043 
0.000 

0.000 

3.011 

3.000 
1.043 

1.011 

Quaternamalkaloids I 

c 
. -  
I e 
i; - 

0.03! 
0.04! 
0.2SC 
0.022 

0.011 

0.022 

0.065 
0.043 
0.011 
0.098 

0.022 
0.033 
0.054 
0.033 
0.022 
0.043 

3.022 
3.033 
3.033 

3.033 

I043  
1.054 
1.033 
1.043 

1.054 

1.022 

) . 0 6 5  
1.076 

1.033 

- v  

C i  
E :  
A .  

2 ;  e ;  
z 

E ?  + z  ;$ 
0.39 D 

- D  
- P  
- N  

N 
N 
N 
N 
N 

- N  
N 

- N  
N 

- D  
- D  
- D  

0.07 P 
0.23 

- N  
0.04 D 
- N  
- N  
- N  
- D  

N 
0.19 P 
- N  
- N  

- D  

N 

N 

0.24 D 
0.19 P 

- D  
- D  

- N  

N 

- D  

- D  
1.05 P 

N 
N 

- N  
N 

4 
D 
z 
0 
2 
& 

- 
None 
None 
None 
None 

None 
None 
None 
None 
None 
None 
P (2) 

None 
None 
None 
None 
None 
None 

None 
None 
None 
None 
None 
N(25)  
None 
P(2)  
None 
None 

None 

None 

N (4) 

None 
None 
None 
None 

None 

None 

None 

V( 19) 
None 

N (6) 
Vone 

?(6 )  
Vone 



Jan-Feb 19841 Viladomat et al. : Alkaloids of Spanish Plants 

- 
2 

N 

N 
N 
N 
N 
N 

P 
N 

N 
N 

N 
N 
N 
P 
N 
N 
D 
D 

N 
N 
N 
N 
N 
N 
D 
P 
N 
D 
D 
N 
N 
D 
N 

D 
N 
N 

D 
N 
P 

D 

N 
N 

P 
P 

APPENDIX 1. Continued 

: j  
e :  - -  o >  

L e  
9 2  

None 

h‘one 
None 
None 
N(7)  
None 

P(26)  
N(27)  

None 
None 

hTone 
None 
N(4)  
N(28) 
None 
N ( 4 )  
None 
None 

None 
None 
P(8) 
None 
None 
h‘one 
None 
None 
None 
N ( 3 )  
N(29) 
N ( 4 )  
None 
N ( 4  
“30) 

None 
None 
N ( 4 )  

None 
None 
None 

h’one 

None 
None 

None 
None 

Family-Botanical name 

Euphmbru rmutu L. . . . . . . .  

FAGACEAE 
Curtunen rut& Miller . . . . . . . .  
Co+r uwiianu L. . . . . . . . . .  
QUETCUJ cocr&a L. . . . . . . . . . .  
Quprcur ilex L. . . . . . . . . . .  
Qrmui puberrenr Willd. . . . . . .  

GERANIACEAE 
Errdrum maIucordpi (L )L’Her. . . . . .  
Geranium mtundifdium L. . . . . . .  

GRAMINEAE 
Ampelodermor maurirunrcu Durand & 

Awna iutrvu L. . . . . . . . .  
Schinz . . . . . . . . . . . . .  

LABIATAE 
hunduIu  rtwhur L. . . . . . . .  
MeIirir mIirroph~Iiwm L. . . . . . . .  
Menrhu longifoh (L.) Hudson . . . .  
Menthu rotundifdru (L.) Hudson . . . .  
PruneiIu tulgurii L . . . . . . . .  
Salvrupurrnrii L. . . . . . . . . . .  
Sutnrqa culumintha (L.) Scheele . . . .  
$Id€Titir hrrruu L. . . . . . . . . .  

LEGUMINOSAE 
Dorycnium hirrutum (L.) Set. . . . . .  
DmycniumpnruphyI~um Scop. , . . , . 
Doymunl rectum (L. Ser. . . . . . . .  
Dmycnoprri gprurdrr Boiss. . . . . . .  
Hedyrarum rptnorrr~rmum L. . . . . . .  
Larhyrur crcetil L. . . . . . . . . .  
L a t h y u r r i ~ h u i  Sering . . . . . .  
MeIiIotur neapliruna Ten. . . . . . .  
Onobtyrhrrrupina DC in l a u n  . . . . .  
Prwalea brtuminoru L. . . . . . . .  
Trlfolrum ungurtrfolrum L. . . . . .  
Tr$oIium parenre L. . . . . . . . . .  
TrifiIium rwtnr L. . . . . . . . . .  
Virtu tetruipmnn Moench. . . . . . .  
Virra r~~lloiu Rorh. . . . . . . .  

LILIACEAE 
AIIrum meum L. . . . . . . . . . .  
AphyIIuntbei monrphenrii L. . . . . . .  
Omrthoguium umbeNutum L. . . . . . .  

LINACEAE 
Linum unguinfolrum Hudson . . . .  
Linum narbonmre L. . . . . . . . .  
LinummIroIordalam . . . . . .  

OLEACEAE 
Fruxinui ungurtifoIiu Vahl. 

ONAGRACEAE 
Eprlobrum p ~ ~ i & u m  Schrekr 
Oenorheru m e a  L’Her. ex Airon 

ORCHIDACEAE 
Limodorun ubnrrii,wm (L.) Swam . . .  
Orcbir rimru l a m .  . . . . . . .  
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Family-Botanical name 

PINACEAE 
Ptnvr halepnrtr Miller . . 

PLANTAGINACEAE 
Plantago holorteum Scop. . . . . . . .  

POLIGALACEAE 
Poljgala caillcarea Schultz . . . . . . .  

Hellekrui fmftdvi L. . . . . . . . . .  
RANUhTCULACEAE 

Ranunrulur mti L. . . . . . . . . . .  
Ranunrulur bulborui L . . . . . . .  

RHAMNACEAE 
Rhamnur alarmur L. . . . . . . . .  

ROSACEAE 
Filt~ndulaulmarta(L.)Maxim. . . . .  
Geum urbanvm L. . . . . . . . . . .  
Rora cantna L . . . . . . . . . . .  
Rubur caeriui L. . . . . . . . . . .  
Rubur ulmt$l:ur Schott . . . . . . . .  

Galwm 1MCidUm All . . . . . . . .  
Rubza p g r i n a  L. . . . . . . . . . .  

RUB I ACE A E 

SALICACEAE 
Populur ntgra x ranadensir Mcench. . .  
Salrx alba L. . . . . . . . . . . . .  

SAXIFRAGACEAE 
Saxifraga granulata L . . . . . . . .  

SCROPHULARIACEAE 
Rhtnanrhurmedzrerraneur Adam. . . . .  
Scrophular:aumbrora Dumon . . . . .  

Vrrbarrum boerhatzi L. 
Verbairum rinurlrum L. 
Veronica chamaedqr L. 

TILIACEAE 
Tdia plaryphylh Scop . . . . . . . . .  

ULMACEAE 
Ulmu~mtnmMiller . . .  

UMBELLIFERAE 
Angelica rilve~trzr L. . . . . . . . . .  
Apium nodij-wum (L.) Lag. . . . . . .  
Efyngrum campertn L. . . . . . . . . .  
Ligurfirum lnridum Miller . . . . . . .  
Petrodinurn rativum Hoffrn. . . . . . .  
Twilts amnrir (Hudson) Link. . . . .  

VIOLACEAE 
Viola buvantr Tirnb-Iagr. 
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Lf=leaves; if=inflorescences, M z b u d s ;  Px=aerial part; PI=whole plant 
P=positive, N=neganve; D=doubtful. 
None=species not listed in the literature cited. 
(+)=<0.01%; +=0.01-0.055?; + + = O  05-0.1%. +++=>0.1%. 
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