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Abstract-European legumes with the highest L-DOPA content are Vwa narbonenszs and V faba mznor, a forage 
plant For V faba mwzor, the frmt-beanng period 1s the best time for the productlon of this ammo acid The valves 
of the pods contam the greatest amount Edible fava beans (seeds of V fuba) are practlally free of L-DOPA, this 
ammo acid IS, therefore unlikely to be the cause of favlsm A diet rtch m fava beans, on the other hand, cannot 
affect favorably the course of Parkmson’s dnedse L-DOPA, present m the free form m all vegetdtlve organs 
of V fuba nunor and of broad beans, ~sfound ds d glucoslde only m the tegument of the seeds, while Its precursor, 
L-tyrosme, 1s present m the whole plant, mostly as a glucoslde The cotyledons of green fava beans contam appre- 
ciable quantities of methlonme only m the form of glucoslde The drymg of green V faba mmor (fodder) always 
involves loss of L-DOPA The smallest loss (11%) occurs when drymg 1s effected m shaded ventilated envlron- 
ment 

INTRODUCTION 
THE IMPORTANCE of L-dlhydroxyphenylalanme (L-DOPA) as an anti-Parkmson drug 
prompted us to examme the posslblllty of finding it m mdlgenous plants Acetic acid extracts 
of the plants were analyzed by the accelerated system for automated ammoacld analysis 
(A A A )’ and by a colorlmetrlc techmque 

RESULTS AND DISCUSSION 

Quantltatlve determination offree L-DOPA m European legumes 
Table 1 shows the quantltatlve data obtained with the various plants exammed On 

account of the sizable L-DOPA content m the green plant Vuxafaba minor,* a legume 
wrdely cultivated and commonly used as fodder, this plant was exammed m more detail 
The study was also extended to edible fava beans (V faba L ) because of then importance 
in nutrition 

L-DOPA productzon zn Vlcla faba mmor 
Table 2 shows the quantltatlve data on the presence of free L-DOPA m cultivated V 

faba minor at various vegetative stages The best time for L-DOPA production IS the frmt- 
bearing period, the valves of the pods are particularly rich m this ammo acid (Table 1) 

* Faba wIgarts Moench ww Beck = Vlcmfaba mmor Systematlcs of Vwafaba L m (a) TASSINARI, G (1960) 
Manuale dell’Agronomo, p 460, R E D A, Roma, (b) PANTANELLI, E (1955) Coft~uazroru erbacee, Ediziom Agrl- 
cole p 149, Bologna, (c) Enctclopedla Aqrarta I tahna (1960) Vol 4, p 406, R E D A Roma 

’ SPACKMAN, D H (1963) Faderatron Proc 22,244, (1964) Federatron Proc 23,X I 
’ ARNOW L E (1937) J Blol C'lwn~ 118, 531 
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Though the L-DOPA content as a percentage shows maxlmum and mmlmum ~,lluc\ 
productlon of the compound m the plant stendllq mcredse$ durmg development Wo~c~tl, 
owmg to the different dlstrlbutlon of L-DOPA m the various organs of the plant Its con- 
tent does not mcreasc proportlonally wrth mcredse HI nerght (Table 3) 

During flowermg, the IncreaSe of L-DOPA m the plant IS dirested (T‘tble 2) The dark 
melanin3 of the flower (dark spots on the lateral petals) IS likely to be produced at the 
cost of the ammo acid, followmg the known reactlon pattern whereb: L-DOPA 1s con- 
verted into melanm All types of petal of the flower (fldg. lateral petals cdrma) contam 
free L-DOPA 

Age of seedhng 
(days) 

(sample I of Table 1) 

Medn totdl 
weight of sccdlrng 

igl 

0 (Apnl4th) 
21 
33 
40 
54 
61 (dowermg) 
89 (frultmg) 

0 3 (seed) 
0 5 ( 6)’ 
42 (10) 
89 (6) 

27 (7) 
34 17) 
67 2 131 

11, the [?ldlIt ,/ 
I.-DOPA L-Ty~osme 

0 075 0010 
CI 32 0 030 
0 16 0 009 
i) 32 0 007 
0 22 0 006 
0 lb 0 008 
0 % 0 044 

* Number of replutes 

Dzstrthuaon of L-DOPA 111 the Larzous oryuns of Vlcla fclba mmol 
Table 3 gives an mdlcatlon of the dlstnbutlon of the ;Immo acid m the varIOUS organs 

of V jaha ~IVTOJ Pods dnd stalk are the rlche\t and poore41 SOUICCS lespectlvely L-DOPA 
does not appear m the plant (lecl\e\ stalk, roots) m the glucosldlc form whilst L-tylosme 
IS present excluslvelq m thl(, lot m The high conLcntr,itton of frL”I’ I -DOP4 m the ‘Ldlces 
3 TffobfA5 M (19’51 m Ilor/~~/fz 21~rh~u/\ ol P/~cur Iri(rl~ $i\ \‘ol I\’ p 6h: $~IIII~L~C I~iilii~ 
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of the pods, and its scarcity m the seeds. both m V fabu mnor and m edible fava beans 
(Table I), prompted us to effect a selective analysis of the various organs constltutmg the 
pod of V faba (Table 4) This may contribute to the clarlficatlon of the role of L-DOPA 
in favlsm 

TABLE 3 L-DOPA AND L-TYROSINE IXSTRIBUTION IN THE VARIOUS ORGANS OF i’ma faba mmr 

Plant organ 

“; m the organ 
L-DOPA L-Tyrosme 

Analysis after Analysis after 
Direct fi-ghIcoslddse Direct fl-glucosldase 

analysis treatment analysis treatment 

Whole plant before flowering 
Leaves of the plant before flowering 
Stalk before flowering 
Root before flowering 
Whole pods green 

024 - Tr - 
0 360 0 360 Tr 0 158 
0 170 0 162 Tr 0 100 
0 305 0 325 Tr 0 145 
069 0 156 

Table 4 shows that m the edible part of the fava beans (the seeds), L-DOPA 1s virtually 
absent m the cotyledons, and IS present m the teguments m such mmlmal quantities as 
to make a possible causal relationship between L-DOPA and favlsm most unlikely The 
assumption of some authors, (see review of Llener4), that L-DOPA plays a causal role m 
the disease, may be due to incomplete interpretation of the data reported by the first 
research workers who extracted L-DOPA from “Fava” ’ In reality this term designated 
only the green valves of the pods and not the edible seeds Conversely, recent observations 
on the importance of L-DOPA m the treatment of Parkmson’s disease and the high dosage 
necessary to counterbalance peripheral decarboxylatlon, proves that the consumption of 
broad beans (V faba), even m large amounts, cannot exert any useful therapeutic effect 
on parkmsomsm 6 

TABLE 4 DISTRIBU~ON OF L-DOPA, L-TYROSINE AND THEIR GLUCOSIDES IN THE GREFN PODS OF Vrcra faba 

Plant organ 

Green valve of 
pod 

Tegument of 
seed 

Naked cotyledons 
of seed 

“/, m the green plant organ (ammo acid analyzer) 

L-DOPA L-Tyrosme 
Sample 1 Sample 2 Sample 3 Sample I Sample 2 Sample 3 

ABA BAB ABA B A B 

054 - 0755 0755 - - 018 - 013 0 240 - - 

001 - 003 011 Tr 0058 0034 - 005 021 0006 0108 

Tr Tr Tr Tr - - 0009 068 0006 0076 - - 

A-Samples analysed duectly B-SdmpkS dndl>Sed after mcubdtlon with /k&ICoSlddSe 

4 LIENER, I E (1969) m TOXK Constments of Plant Foodmfi, p 421, Academic Press, New York 
s TORQUATI T (1913) Archrtro Farrnacol Sperun 15 , 213, GUGCF~HEIM M (1913) Z Phq’slol Chrm 88, 276 
’ In Bc~ly, people eat the whole pods, mcludmg the valves while thev are stall tender Since L-DOPA resists 

cooking, It must be assumed that people Ingest not merely traces but quantltles from 200-800 mg of L-DOPA 
for 100 g of pods At any rate the most severe cases of favlsm xc observed alter the mgestlon of Vltra faba 
seeds wlthout the pods (LUISADA, A (1941) Medune 20, 229) 
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The actlon of j?-glucosldase on extracts of various organs of I/ f~ha reveals the presence, 
m some of them, of d glucoslde of L-DOPA already ldenbfied by another procedure 7 

0 
Free ammo dctd (setd) 21 

Aspdrttc dctd 0 025 0 040 
Threomnt Ntl Tr 
Serme 001.5 0 460 
Glutamtc dctd 0035 0 090 
Prohne Tr 0 030 
Glycme 0010 0013 
Alanme 0010 0 030 
Cysteme NI1 VI1 
Vahne Tr 0 050 
Methlonme Tr Tr 
Isoleucme Tr 0 025 
Leucme 0005 0 025 
L-DOPA 0 075 0 320 
Tyrosme 0010 0 030 
PhenyJdJanme 0010 0 040 

* Sample I of Tdhk dndi~sed b\ 4 A A 

"() wmpocltlon nt dd\ 
61 90 

37 40 54 (tloaerb) (frutts) 

0014 0 021 0016 0012 0 020 
0009 0 007 0 008 0004 0019 
0 038 0 049 0 049 0025 0 100 
0032 0 042 0028 0016 0 032 

Tr Tr 0 (X)6 0 004 0 025 
Tr Tr Tr Tr Tr 

0 006 0 007 0 008 0 0 14 0 02s 
NJ1 NlI hll NII Tt 

0009 0 009 0008 0 OOh 0019 
IN11 Tr Tr Tr Tr 

0006 0 007 0 006 0004 0010 
0 006 0 009 0008 0004 0011 
0 360 0320 0 220 0 I65 0 560 
0 009 0007 0 006 0 00x 0 044 
0006 0007 0 006 0 004 0011 

-.-- __- ____ 

Datd in Table 3 and 4 indicdte that this glucoslde IS absent in the ledves, stalk and roots 
of the vegetative plant, the cotyledons of the seeds dnd the green valves of the pods, dnd 
IS found only m the tegumentq of the seeds Howetel the glucoslde of L-tqrosme is found 
m ‘111 the dbove-mentioned organs It IS of interest to note that the whole plant before 

TAeLr 6 Dtrtc TtOh Or C’r St-1 IUL- AUI) MI IHIONIPrt IY vARIOt 5 OKbANs Ot 1 I( ,<I ftrhu !J!!,,,u (tORAbt ) ANI) 1 /hi 

(I ,\ 4) Al T, K ,,<1 AIWZ F Wllll /(-(.I I ( Osll)A\f 
_____ I_-- -__- 

“,~ of dmmodctd m the green orgdn 
Cy stems Methtonmc 

After After 
Dn ect /I-glucostda\c Dtrect /&glucoatdase 

Pldnt organ dndlysra tratemtnt dndly\ls tredtment 
_I_ 

C Jaha mmw vegetdttve stdlk 1\111 Tr NII 0 027 
V fuha Emmy, vegetative root NII Tr YII 0 050 
V faha muw vegetdttve, ledves NII fr Yll 0 05X 

Green fava, tegument of seed NII 0 006 Tr 0 039 
0 023 Tr 0 0% 

Green fdvd, cotyledons 0 008 Tr 0 023 
Tr Tr 0 790 

flowermg contams both free L-DOPA and the glucoslde of L-tyroune, ahllst free tyrosme 
1s absent (Table 3) The glucoslde seems to constitute cl reserve for I,-tyrosme which once 
reledsed, 15 oxidized to L-DOPA The direct oxldatlon ot the glucoslde of tyrosme to gluco- 
side of L-DOPA by phcnoloxldacc (tylosmlse) could not be demonstrated In f‘tct, on 
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treating extracts of cotyledons of I/ fuha (contammg glucosldes of L-tyrosme and lackmg 
free L-tyrosme and L-DOPA) with fungal tyrosmase, the glucoslde of L-tyrosme remains 
unaltered 8 

Ammo acid content of Vlcla faba minor 

The free ammo acid content of v faba mmor, at various stages of its development, IS 
shown m Table 5 Sulphur-contammg ammo acids are almost entirely absent m the free 
form, but occur m the form of glucosldes (Table 6) 

Loss of L-DOPA mcurred durmg drymg of Vlcla faba mmor 
Green V faha mmor contains about 90 “/‘, water All methods of drying, except that 

effected m a shaded, ventilated environment, resulted m a substantial loss of L-DOPA 
(Table 7) 

TABLE 7 Loss IN L-DOPA IN V’ICIU@~ tmnor WITH DIFFERENT DRYING METHODS 

Content % loss Content % loss 
Drying after durmg Drymg after during 
method drying drymg method drymg drymg 

Natural on field 041 41 Industrial deslLcator with hot 
Shaded, ventilated an stream 
environment 062 11 Drymg at 90-100” 009 88 

120’ 017 77 
150” 0 16 79 

Imhal L-DOPA content m the fresh plant 0 757; 

EXPERIMENTAL 

Extraction LQ 10 g of fresh plant tissue were homogemzed 7 x with 50 ml (100 ml for dry p)dntS) ot I”,, AcOH 
contammg 0 5% sdtd SO, soln The solns were hltered and the combmed filtrates were diluted to standard vol 

Colorzmetrzc determrnatlon OWL-DOPA The method of Arnow2 was used In the vlslble region of the spectrum, 
this method gives absorption curves that overlap the A A A values when the determmatlon 1s made on pure 
L-DOPA When acetic acid extracts of legummous plants of the genus I/KU are used, this method gives values 
higher than those obtamed with A A A very likely on account of the presence of other o-dlhydroxy-compounds 
The colorlmetrlc method IS useful to dscertdm the dbsence of L-DOPA when the chromatic reactton IS negative 

The method of Mdggt et d ’ published dfter dll the experiments reported m thts paper hdd been completed 
IS based on the same prmclple dS the method of Arnow, the detectlon of o-dlhvdroxv phenohc compounds This 
method also yielded higher values on acetic actd extracts of VKI~ than those obtained with A A A 

Detection of the glucosdes of L-DOPA’ and of tJro\rne rn LLUIOUS plunt organs Extracts were prepared as de- 
scribed above with the exception that acetate buffer (pH 5) replaced l”/, AcOH Each extract was dlvlded mto 
two equal portIons, one of which was analyzed directly j-Glucosidase (10 mg/ml) wds added to the other and 
kept at 37” for 48 hr prior to analysis Fmally a third soln for andlysls was obtamed by extracting the plant with 
acetate buffer at pH 5 (with 0 5% SOz) m a bollmg Hz0 bath for 20 mm m order to destroy any glucosldase 
that may be present m the plant 

Acknowledgements-We are grateful to Mr G Pasqudhm, of our Chemlcdl-PhysIcal Department, for his careful 
work on the Ammo Acid Analyzer 

* Tlus fin&g confirms the statements of DUCKWOKTH .I and COLEMAN (1970) J BIO~ Chem 245, 1613 
of d para-oxldatron of catecholes In L-tyrosme-glucoslde, the pura-hydloxy group IS protected by glucose 
Oxidation of L-tyrosme and L-tyrosme glucoslde was performed v&h Worthington polyphenol oxldase m 
0 5 M phosphate buffer, pH 6 5 accordmg to (1972) Wortlnnytot~ Enzyme Munual, p 39, Freehold New Jersey, 
L-tyrosme was oxlchzed to meldmn 

’ MAGGI N , CASAVECCHIA, G and CAVATORTA, L (1970) II Farrnato Ed Pr 25, 297, MAGGI, N and COMETTI, 
A (1972) J Pharm Scl 61,924 


