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There is increasing recognition that the hepatotoxic pyrrolizidine alkaloids 
may be of greater importance as a cause of human disease than the presently 
known outbreaks of poisoning would indicate. The chronic and progressive 
character of their effects, including carcinogenicity, (1, 2 )  means that in the type 
of hazard they present, they resemble the mycotoxins rather than the main body 
of alkaloids. Disease is likely to be induced in man or animals by their ingestion 
over long periods of time in plants or foods in 11 hich they are present at lon concen- 
trations. In  the interests of public health, present knowledge of plant ipecies 
containing hepatotoxic pyrrolizidine alkaloids .hould be diffused as n idely as 
possible and brought particularly to  the people n-ho are most at risk. The purpose 
of this compilation of plant sources is to make the information more readily avail- 
able to  the health-oriented investigators and educators who have this task. 

Plants containing pyrrolizidine alkaloids are so numerous and widespread 
that they can be expected to be present in most environments. The main sources 
are the families Boraginaceae (all genera), Conipositae (tribes Senecioneae and 
Eupatorieae) and Leguminosae (genus C r ~ t a l a r i ~ ) ,  the potential number of alkaloid- 
containing species being as high as 6000, or 3% of the norld's flowering plant? (3). 
There have now been several reported outbreaks and occurrences of human 
poisoning due to these alkaloids, the largest involving more than 2000 people 
in Afghanistan (4-12). I n  these instances, the causative plants nere ingested 
as medicinal herbs or as weed contaminants of cereal grains. The plants found 
to be responsible by investigators were not suspected of toxicity by the populations 
or individuals affected. 

The early warnings by Schoental (13, 14) about the hazard of pyrrolizidine 
alkaloids in medicinal herbs were probably overshadowed to a large extent by 
the discovery of the greater and more ubiquitous hazard of the mycotoxins. 
However, despite advances in medicine, herbs have remained in use without 
systematic testing for efficacy or safety even in technically advanced countries. 
Several such herbs have recently been reported to  contain hepatotoxic pyrrol- 
izidine alkaloids, e.g., comfrey (Symphytum oj ic iaale  (15, 16), Russian comfrey 
(S. h: uplandicum), (17), coltsfoot (TussiZago ~ Q Y ~ U ~ U )  (18) and petasites (Petas i tes  
japonicus Maxim) (19, 20). The recognition of two fatalities in the USA due to 
consumption of Senec io  longilobus as a medicinal herb has led to concern about 
the extent of use of this herb in Mexican American communities in the USA (21). 
Still greater human exposure is to  be expected in developing countries where 
traditional herbal medicines remain in substantial use and ma\- be officially recog- 
nized as necessary for a satisfactory level of health care (22). 

The increasing concern about contamination of foodstuffs with pyrrolizidine 
alkaloids stems from the experimental findings that at  the lowest levels so far 
administered to  animals, approximately 1-4 ppm of whole diet, chronic liver 
damage and tumors have been observed (23, 24). The alkaloids of Seitecio 
jacobaea have been found a t  the level of 1-4 ppm in milk ( 2 5 )  and honey (26) 
from c o m  and bees which had been foraging on this species. Some species of 
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TABLE 1. Plants containing hepatotoxic pyrrolizidine alkaloids. 

Plant 

APOCYNACEAE 
Parsons in  eucalyptophyl la  (F. Muell.) 
P .  heterophyl la  A. Cunn. 

P .  spira l i s  Wall. 

P. slraminea ( ( R .  Br.)  F. Muell.) 
Lirechites kar2oinsky . . . . . . . . . 
BORAGINACEAE 
Amsinckia hispida (Ruiz et Pav . )  

I. PII. Johnston . . . . . . . . . . . . . 

A .  interniedia Fisch e t  C .  RIey 

A .  lycopsoides  Lehm. 

Anchusa arcensis  (L.) Bieb.. . . 

A .  oficinalis L..  . . . . . . . 

A s p e r u g o  procumbens  L. 

Cynog loss i~m nmnbi le  Stapf & 
Drummond . . . . . . . . . . . . . . 

C. australe  R .  Br. .  . . . . 

C. cret icuni .  , . . . .  

C. glochidintitni Wall. ex Lindl. 
C. lanceolatiini Forsk.. , . . . . . 

C. lntifoliuni R .  Br. .  . . . . . . . . . 

C. o f ic inale  L..  . . . . . . . . . . 

. . 

c. pictun2 Ait. .  . . . . . . . . , 

C. ciridi’oritni Pallas ex Lehm 

Echium i t a l i c u m  L..  . . . . . . . . . . . . . . . . 
E .  plantagineuni  L. ( E .  lgcops is  L . ) ,  . 

E.  crtlgnre L..  . . . . . . . . . , , , , . . , . , . . 

Hel io tropiuni  acirtij’lorum. . . . 
H .  aniplericairle Vahl . ,  , , . . . . 
H .  arbainense . .  . . . . . . . . . . , 

H .  arboresrens L. ( H .  perirn~ianzim L.)  . 

Constituent 
Alkaloids 

lycopsamine 
parsonsine 
het eroph ylline 
sp/raline 
sp!ran!ne 
spiracine 
lycopsamine 
loroquin 

intermedine 
lycopsamine 
echiumine 
intermedine 
lycopsamine 
echiumine 
sincamidine 
intermedine 
l ycopsamine 
echiumine 
echinatine (or 

lycopsamine 
7-acet>-llycopsarnine (or 

amabiline (or 

amabiline 
echinatine 
7-acetylechinatine 
cynausiine 
cynaustraline 
echinatine 
heliosupine 
amabiline 
cynaustraline 
cynausiine 
latifoline 
7-angelylretronecine 
heliosupine 
echinatine 
acet ylheliosupine 
7-angelylheliot ridine 
heliosupine 
echinatine 
pictuniine 
viridiflorine 
heliosupine 
echimidine 
echiumine 
echimidine 
heliosupine 
asperumine 
lycopsamine (or 
diastereoisomer) 
helioirine 
indicine 
europine 
lasiocarpine 
heliotrine 
lasiocarpine 

diastereoisomer) 

diastereoisomer) 

diastereoisomer) 

Plant 
P a r t  Ref. 

ae  
wh 
wh 
If 

ae 
rt 

wh 

wh 

w-h 

wh 

wh 

wh 

wh 

wh 
n-h 

l e  

wh 
wh 

l e  

l e  
r t ,  ae 
le 

’t, ae 

le 
“ t  

R 11 
3e 

le  
ie 

h-h 
le 
le 
le 

ie 

28 
417 
418 
418 

28 
29 

30 

30 

30 

31 

32 
31 

31 

33, 34 

35 
33 

419 

36 
36 

37 

38, 39, 40 
41, 42 
43 

44, 45 

46 
47 
34 
35 
48 

49 
50 

31 
51 
35 

119 

52 
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TABLE 1 .  Continued. 
i I 

7-angelylheliotridine 
trachelanthic and viridi- 

Plant Constituent ! Plant 
Alkaloids Pa r t  

-__ 
H .  argueioides Kar.  e t  Kir.  

H. curassaclicuni Linn.. . . . 

H .  dasycarpum Ledeb.. . . . . . . . . . 

H .  eichwaldi Steud. ex DC. .  . , . . . 

H .  europaeum L .  

H .  indicum L . .  

H .  lasiocarpum Fisch. e t  >\ley.. . , . 

H .  niaris mortui. , . . . . . . . . . . . . . . . 

H .  olgae . . . . . . . . . . . . . . . . . . . . . . . .  

. . .  

. . .  

H .  popo.i,ii H. Riedl. subsp. gillianun 
H. Riedl. .  . . . . . . . . . . . . . . . . . . . . . . . 

heliot rine I ,  trichodesinine 
. ~ heliotrine 

' lasiocarpine 
angelylhelio t ridine 
curassavine 
coromandaline 

, heliovicine 
traclielarit hamidine 
heliotrine 

heliot rine 
lasiocarpine 
7-angel ylheliot rine 
heliot rine 
lasiocarpine 
europJne 
supinine 
heleurine 
S- (dihydropyrrolizino- 

me thy1 )-heliot rine 
chloride 
m l l a s i o c a r p i n e  
indicin2- 
d d i c i n e  
indicinine 
echinat ine 
supinine 
heleurine 
lasiocarpine 
heliotrine 
heliot rine 
lasiocarpine 
europine 
lasiocarpine 
heliot ririe 
incanine 

~ 

heliot rine 

heliotrine 
europine 

H. rainosissimum (syn. H .  persicum 

H .  rot%sndifolium.. . . . . . . . . . . . . . . . 
H .  steidneri I-atke . . . . . . . . . . . . . . . lycopgamine 
H .  supinitm L. .  . . . . . 

L., H .  undulatum, H .  bacciferum). . 

. . . . . . . . . . . . supniine 
heliosupine 

ae 
ae, r t  
A'P 

ae 

ae 
ae, r t  
s d  
R-h 
ae 
ae 
w-h 

w-h 

wh 
ae 
ae 

ae 

ae 

ae 
ae 
ae, r t  

' sd 

ae 
ae 
If 
r t  
r t  
wh 

ae 
ae 
ae 

ae 

ae 

ae 
sd 

Ref. 

53 
54, 55 
56 

57 

58 
54 
59 
63, 61 
62 
63 
61, 65 

66, 67 

68 

69 
i o  
71 

72 

73 

74 
419 
75 
76 

77 

78, 79 
74 
80 
81 
82 
83 

51 
84 
85 

62, 36 

62, 63 

86 
75 
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TABLE 1. Continued. 

Plant 

L.  tschimganica 

Myoso t i s  syloafica Hoffm.. , . . . . . . . 

Paracynoglossunt  znieritzn~rni Kusn. 

Rindera airstroechanata 11. Pop 
R.  baldschzranzca Kusnezov 

M. Pop 

R. cyclodonta Bge 
R. echanata Regel 

R. oblongafolaa 1.1. Pop 

Solenanthus  czrcznnatus Ledeb. 
S .  coronatus 
S. karategenius  Lipsky 

S turkestanzczrs Regel e t  Smirnov 

S3mphy tun i  asperuin  Lepech. 

S.  c a u c a s i c u m . .  , . . . 

S. o j i c i n a l e . .  . . . . . . . . 

S. orienlale  

S .  tzrberosum 

S .  x uplandzcuni  Nyman 

Constituent 
Alkaloids 

carategine 
echinatine 
viridiflorine 
viridiflorine 
9-angelylretronecine 
heliosupine 
acetplheliosupine 

heliosupine 
echinat ine 
echinatine 
rinderine 
echinatine 
trachelanthamine 
turkest anine 
echinatine 
echinat ine 
t rachelanthamine 
carategine 
echinatine 
turkestanine 
echinat ine 
echinatine 
carategine 
echinatine 
rinderine 
turkestanine 
asperumine 
:chinatine 
heliosupine 
7-acety11ycopsamine (or 
diastereoisomer) 
acetylechimidine (or 

diastereoisomer) 
lasiocarpine 
asperumine 
echinatine 
echimidine 
symph y t  ine 
:chimidine 
lasiocarpine 
heliosupine 
viridiflorine 
:chinat ine 
7-acetyllycopsamine (or 

diastereoisomer) 
7-angelylretronecine 

viridiflorate (or 
diastereoisomer) 

acetylechimidine (or 
diastereoisomer) 

anadoline 
symphytine 
echimidine 
echimidine 
anadoline 
symphytine 
symlandine 
echimidine 
7-acet yllycopsamine 
7-acetylintermedine 
uplandicine 
1 ycopsamine 
intermedine 

Plant Ref. 
Pa r t  

ae 87 

wh 35 

ae, rt 88 

If ,  s t ,  sd,  r t  87 
89, 90 

ae 
ae 

ae 
ae 
ae 
ae 

sd, ae, r t  
ae 
ae 

ae 

ae, r t  
ae, r t  

wh 

ae, rt 
ae, rt 

rt 

se, r t  
le ,  r t  
r t  
rt 
wh 

wh 

wh 

Be 

91 
87 

59 
92 
59 
87 

93 
75 
93 

94 

95, 96 
97 

31 

95 
98, 99 

15, 16 
100 
95 

101 

31 

102, 103, 104 

105 

31, 17, 106 
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TABLE 1. Continued. 

Plant 

Tournefor t ia  sarn ien fosn  Lam. 
Trichodesnia ajr icana . . . . . . .  

T .  incanum Alph. DC.  

T .  zeylonicirni (Burm. f . )  11. B r . ,  . . . .  
Ulegbekia tschiniganica (B. Fedtsch.) 

Zak.. . . . . . . . . . . . . . . . . . . .  
COMPOSITAE 
i ldenos iy les  a l l iur iue ,  . . . . . . . . . .  

" d d e n o s t j l e s  rhonibifolia (Wil1d.j >I. 
Pimen. ssp. p l a i y p i i y l l o i d e s . .  . .  

Brachyglo i t i s  repanda Forst .  et  
Forst.,  . . . . . . . . . . . . . . . . . . .  

Cncalia floridaiia 

C. i i a s t ~ t a  L. subsp. orieiitalis 
Kitamura . .  . . . . . . . .  

C. yatabei Maxim.. . . . . . . .  
Doronicicni inacropi iy l l i tni .  . . .  

Enri l ia  .ffaniineu Cass. 

E .  sonchifolia DC. 
Erecht i !es  hieracifolin (L.)  Raf. ez 

DC. . . . . . . .  

E .  qnudrideniaiu (see Senec io  
qziudridenta tus Labill. ) 

E u p a t o r i u m  cnnnnbinuni  L. 

E .  niaculaircni L. . . . .  

E .  purpicrezcin . . . . .  
E .  serotinunz hlichx.. . . .  

E .  sfoerhndosmunz Hance 

Furjugiuni  jr iponicion.  . . .  
Ligular ia  bmchyph$lii Hand.-RIazz., , 

L.  cl ivor~cni  

L .  dentaiu ( A .  Gray) Hara 

Constituent 
Alkaloids 

Plant Ref. 
~ Par t  

supinine 
europine 
intermedine 

incanine 
supinine 

uluganine 

platyphylline 
seneciphylline 

platyphylline 
seneciphylline 

senecionine 
senkirkine 
brachyglot t ine 
o t osenine 
florosenine 
floridanine 
floricaline 

in t e ge rr,im,ine 
yamatalmine 
otosenine 
floridanine 
doronine 
otosenine 
emiline 
senecionine 

senecionine 
seneciph ylline 

richodesmine 

echjnatine 
supinine 
echinat ine 
t rachelanthamidiiie 
probably echinatine 
supmine 
rinderine 
linde1:fine 
supinine 
senkirkine 
clivorine 
lignlarine 
ligudentine 
clivorine 

clivorine 
ligularine 
ligudentine 
ligularidine 

If, s t  
wh 

ae 
sd,  ae, r t  
sd  

rt  

ae 

ae 

ae 

rt  
r t  
r t  

ae, r t  

ae 

ae 

ae 

r t  

ae 
ae 

rt 

r t ,  If 
ae 

ae 

ae 

rt, ae 

107 
419 

108, 109 
110, 111, 112 
113 

111 

115 

11G 

117 

118 
119 

120 
121 
122 

123, 124, 125 

35 

126, 127 

128 

129 

130 
131 

132 

133 
134 

135, 136, 
137, 138 
134 

136 

aPimenov ei i l l .  (116) have given the name Adenos iy les  riioinbifoliits to  the species which 
have previously been known as Senec io  p lo i jphy l l i r s ,  S .  p l ~ i t y p h v l l o i d e s ,  and S .  rhonibifoliits 
(251, 208). They have divided the species into two subspecies, one of which is further divided 
into two cheniovariants, each with different alkaloidal content. Since plant material esaniined 
in earlier publications cannot be related to  the classification of Pinienov et i t l . ,  each alkaloidal 
isolation is listed under the species name by which it was originally published. 
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TABLE 1. Continued. 

Plant 

L.  elegans (Cass.) (syn L.  
niacrophyl la  (Ledeb. DC.)) 

Naardosmia luevigata (Willd.) DC. 
(see Petas i tes  laevigatics (Willd.1 
Reichenb.) 

Petas i tes  hybridus (L.)  P. Gaertn. 
et al . .  , , . . , . . . . , . . . . . . . . . 

P .  japonicics Maxim.. . . . . . . 

P .  laee~ign!its (Willd.) Reichenb. 

Senec io  aegypt ic i is  L. 

S.  a l p i n u s  (L.) Scop.. . . . . . . . . 

S .  ambros io ides .  . . . . . . . . . . . . . 

S. ampul laceus  Hook. 

S. antieuphorhiuni  (L.) Sch. Bip. 

S .  aquat icus  Hill. . . . . 
S. aureus L . .  . . . . . . . , . . 
S. aicricola Bourg. 
S. bip innat i sec fus  Belcher. . . 
S. borys thenicus .  . . . . . . . . . . . . 
S.  brasi l iensis  DC.. . . . . . . . . . . 

S. bupleurotdes  DC 
S. cannabafolaiis Less 
S. carthamoides Greene 

S .  chrysanthemoides 
S .  cineraria DC.  

S. cruentics DC 

S.  cymbalaraozdes 
S. dehfontaznez Druce 

S.  discolor  DC..  , . . . . . 

S .  doron icum L. .  . . . . . . . . . . . . 

. . .  

Constituent 
Alkaloids 

clivorine 
ligularine 
ligudentine 

senecionine 
fukinotoxin (petasitenine, 
neopetasitenine 
senkirkine 
petasinine 
petasinoside 
platyphylline 
senkifkine (renardine) 
senec!on!ne 
senecionine 
o t osenine 
riddelliine 
senec lphylline 
jacozine 
senecjphylline 
senecionine 
ret rorsine 
ridde!liine 
senecionine 
seneciphylline 
ret rorsine 
intcgerrimine 
senkirkine 
senaetnin 
isosenaetnin 
seneciphylline 
senecionine 
neosenkirkine 
ret rorsine 
senec jphylline 
senecionine 
seniciph ylline 
jacobine 
integerrimine 
ret rorsjne 
retrorsine 
seneciphylline 
senecionine 
seneciphylline 
seneciphylline 
jacobine 
senecionine 
seneciphylline 
ot osenine 
ret rorsine 
cruentine A 
cruentine B 
senec!on!ne 
senecionine 
o t osenine 
riddelliine 
seneciphylline 
retrorsine 
senecionine 
doronenine 
bulgarsenine 

Plant Ref. 
Par t  

ae  

If 
ae 

s t  
ae 

ae 
ae 

wh 

ae 

wh 

n h  

ae 

le 

i e  
i e  
l e  
ie,  r t  
le,  r t  
f 

ie  

ie 
ie 
K h  

ie 

Le 
ie 
ie 

jd 

ie 

ie 
f 
ie 
r h  

134 

35 
20, 19, 139 

140 
141 

142 
143, 144 

145, 146 

147 

148 

420 
149, 150, 151 

152 

421 

153. 154 
155; 156 
157 
158 
159, 160 
161. 162 
148; 163 

164 
165 
149, 151 

166 
153, 167 
168 
169 
170 
171 
172 

420 
173, 145 

146 
174 
175 
176 
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T ~ B L E  1. Continued. 

Plant I Constituent 
, 

I Alkaloids 

S. douglas i i  DC.  

S. d i t r i e i i i  Gay.  
S. ereniophilus Richards 

S. erruf ic i ts  Berthol. 

S. erratzcits Berthol. subsp. 
barbnraeifoli i is  Krock 

S. eritc~'joli i ts  L . .  . . . . . . . . .  

S. f z tchs i i  K .  C.  Gmel. (see S. 

S. glnbelliis (Turcz.) D C . .  . s. glaberriniirs D C . ,  . . 

nenioreiisis L.  ssp. fztchsii  Gnielin) 

S. grai?:inifoliirs ?;. J. J a c q . .  . 

retrorsine 
riddelliine 
senec jphylline 
senerionine 
integerrimine 
senecionine 
seneciphylline 
retrorsine 
riddelliine 
senecionine 
ot osenine 
floridanine 

senecionine 
otosenine 
erucifoline 
seneciphylline 
integerrimine 
senecionine 
seneciphylline 
erucifoline (base S-C) 
retrorsine 

~ otosenine 
~ florosenine, 

S. foriwosirs ,  . . .  integerrimine 
retroSsine 

S.frenioiiii Torr. et -1. G.ray . ' ~ senecionine 
seneciphylline 

S. $iwi .~ f i l i s  Wallr..  . . .  . I  seneciphylline 

S. g r a n d i f o l i o . .  

S. gr iesebachi i .  . . . . . . .  
S. i l ici foli irs Thunb. .  . . . . . . . . . .  

S. incoilits L. subsp. c~irniolicirs 
(Willd.) Br.. . . . . . . . . .  

S. infegerriniirs S u t  t . .  . .  

S. isi i i ideits D C . .  
S. jocobaea L. .  . . .  

S. k i r k i i  Hook. f .  es  Kirk 

S .  kleinia Sch. Bip. ,  , , 

S .  kry lor , i i . .  . . .  . .  

senecionine 
retrorsjne 
retrorsine 
graminifoline 
platyphylline 
seneciphylline 
retrorsine 
senecionine 

seneciphylline 
retrorsine 

seneciphyl!ine 
integerrimine 
senecionine 
plat yph ylline 
neoplatjphylline 
retrorsine 
senecjphylline 
senecionine 
jacobine 
jaconine 
jacoline 
jacozine 
otosenine 
senkirkine 
retrorsine 
senkirkine 
0-acet ylsenkirkine 
integerrimine 
senkirkine 
seneciph? lline 

Plant Kef. 
Part 

wh 

n h  
~ 5 -  h 

ae 

ae 

If 
ae 
ae 
ae 

ae 
ae 

ae 

n h  

wh 
ae 
ae 

I 

~ ab' If ,  St 
ae 

ae 
I ae 

ae 
ae 

' ae 

~ ae 
bk, If 
If 
s t  
st  

I ae 

149, 150, 151 

157 
149, 150, 151 

177 

178, 179, 180 

181 
182 
153 
183, 180 

184 
185 

18G 

148 

187 
153 
188 

189 

190 
191, 192, 188, 
127 

147 
150 

420 

153, 193 
194, 195 
196, 167 
153, 197, 198, 
199. 200. 201. 
202' ' ' 

51 

184 
203 
204 
205 
206 
207 
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TAULE 1. Continued. 

Plant 

S.  kubens is  Grossh.. . . . . . , 

S .  lanzpsanoides . ,  . . . . . . . . . . . , s. lntifoli1ts n c . .  . . . . . . .  . 

S. laibfits Forst .  f . .  . . , . . . , . . 
S .  longilobiis Benth. .  . . . . , . . . 

S. nzugn$cits F. hluell..  . . . . . 

S. minimus Poir .  . .  

S. nebrodensis  L. var. sicrilci. . . 

S. nenzorensis  L. var  biilgaric1is (S-el 
Stoj. e t  Stef.. . . . . . . . . . . . . . . . 

S. niorrisonensis  H a y a t a . .  . .  

S. irenzorensis L .  var sirbdeczirrens 
Griseb. , . . . . . . . . , , , . , . . . . . . 

S. neniorensis  L. sap. fzichsii  
Gmelin.. . . . . . . . . , . , . 

S .  othonnae Bieb. 

S .  oiboizn<fornzis Fourcade. .  . . . . 

S .  pnlnrciius Pall . .  . . . . . . . . 
S .  paliidosiis L.. . 

S . p n n i p e a n u s  . . . . .  . . .  . . .  . . 
S. pazicicalyctda/its (Platt . ) .  . . . . . 

S. pauci fo l ius  S .  G .  Gmel.. , , , 

S.  pe tas i t i s  DC. ,  . . . . . . . . . . . . 

pla typhyl lo ides  Somm. et Lev. 

' S .  p l n f y p h y l l i t s  (Bieb.) DC.  . . . . 

. . . . . . . . 

S. p o j a r k o w e  

S .  procerus  L. var. procerirs Stoj. 
Stef. et  K i t . .  , , . . . . . . . . . . . 

S. propinqui t s  -4it.. , , . 

S.  pseiido-arnicn Less., . . . 
S. pteroplioriis D C . .  . . . . 

Constituent 
Alkaloids 

Plant Ref 
Par t  

seneciphylline 
seneciphylline 
retrorsine 
seneciphylline 
platyphylline 
senecionine 
seneciphylline 
ret rorsine 
ridde!liine 
senecinnine 
integerriniine 
seneciphylline 
integerrimine 
integerri,mine 
senecionine 

bulgarsenine 
ret roisosenine 
nemorensine 

nemorensine 
retroisosenine 
bnlgarsenine 

fuc hsisenecionine 

senecionine 
otosenine 
onetine 
seneciphylline 
floridanine 
doronine 
bisline 
isoline 
seneciphylline 
Seneciphylline 
iacobine, 
senecionine 
mncicaline 
retrorsine 
senecjphylline 
jenecionine 
3robahly bisline 
d a t  yphylline 
seneciphylline 
Jlat yphylline 
seneciphylline 
ieoplat yphylline 
jarracine 
sarracine 
jeneciphylline 

senkirkine 
procerine 
seneciphylline 
senec!on!ne 
senecionine 
seneciphylline 
ret rors jne 
rosmariniiie 
ace tylseneciphylline 
pterophorin 

ae 
1 ae, rt 

ae 
ae 

wh 
wh 

ae 

ae 
15- h 
n-11 

lf 

ae 
r t  

ae 

ae 
rt 

ae, r t  
ae 
ae 

rt  
r t ,  ae 

ae 
wh 

If 
ae 
r t  

rt, ae 
If 
r t  
r t  
r t  

ae, r t  

ae, r t  
ae 
ae 

ae 

ae 

208 
209, 210 
211, 212 
213 

35 
150, 214, 150 
151 
149 
215 
216 

219 

371 
422 

362, 363, 364, 
365 
423 
220 
221 

222 
223 
224, 22.5 

226 
153, 227, 228 

229 
230 

23 1 
146 
232 
233, 234, 235 

236, 237, 238 
239 
240, 241 
242 
213 

244 

209, 245 
156 
192, 188, 127 

21 6 

4 24 

"see footnote on page 133. 
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TIBLE 1. Continued. 

Plant ~ Constituent I Plant Ref. 
I Alkaloids 1 Part 

~ ____ ________ ______ ___- 
S .  gucidridentniiis Labill. ,  , . 

S. r a c e n i o s u ~  
S. rennrdii  Winkl. 

S .  relrorszrs DC. 
aS. rhonihifolziis (Willd.) Sch. Bip. 

S. riddellii Torr.  pt A .  G r a y . .  . . . 

S .  riddel l i i  Torr. e t  A. Gray var. 
p a r k s i i  (Cory) .  . . . . . . . 

S. r i i~ i t l~ l r i s  I>C. .  . 

S.  ritderulis H a r v e y . .  . . 
S. r i i i~~enzor i ens i s  S. hloore . .  . . 

S. s c u n d e n s .  , , . . .  

S .  scelerof i ts  Schweikerdt . 

S .  spmrfioides Torr. et A .  Gray 

S. spnthulnti ts  ..1. Rich.  . . . . 

S .  squulidits L . ,  . , . .  . . .  

S. stenocephalits  Maxim.. . . . . . . . . 
S. subu lp inus  C .  Koch.  . . . . . 

S. s 7 e n ~ ' e n s i s  Compton. .  . . . . . . 

S .  ton ien tosus ,  . . . . . . . . . . 

S. tr iunguluris  Hook. .  , , . . . . . . . 
S .  u in tahens i s .  . , . . . . . . . . . . . 

S .  venosiis Harvey . .  . . . . . . . . . . 
S .  ~ ' e r n n l i s  R a l d s t .  e t  K i t . .  . . . 

S. ~ i s c o s i t s  L . .  . . , . . . . . . . . 

S .  ~ ~ i t l g i i r i s  L.. . . . . . . . . . . . . . 

. . . 

S. werneriaefol ius  

senecionine 
senec iph 1-11 ine 
ret rorsine 
seneriphylline 
seneciphylline 
senkirkine (renardine) 
otosenine 
retrorsine 
sarracine 
platyphylline 
neoplatyphylline 
seneciphylline 
riddelliine 

rrtrorsine 
riddelliine 
7-angelylheliotridine 

(rivularine) 
ret rorsine 
ruR-enine 
ruzor!ne, 
senecionine 
seneciphylline 
ret rorsine 
sceleratine 
chlorodeoxysceleratine 
seneciphylline 
spart ioidine 
senecionine 
ret rorsine 
riddelliine 
senecionine 
integerrimine 
senecjphylline 
senecionlne 
integerrimine 
seneciphylline 
senecionine 
seneciphylline 
ret rorsine 
swazine 
senecionine 
ot osenine (toment osine) 
senec!on!ne 
senecionine 
senkirkine 
retrorsine 
senecionine 
senkirkine 
retrorsine , 
senecyeynine 
senecionine 
in t ege rrimine 
senecionine 
seneciphylline 
retrorsine 
riddelliine 
senecionine 
ret rorsine 

ae 

rt  
ae 

ae 
rt  
ae, r t  

ae 
n-h 

ae 

ae 

ae 
wh 

n-h 

ae 

ae 
ae 

ae, r t  

ae 

ae 
lf 
ae 
ae 

ae 

ae 

ae 

ae 
ae 
ae 
ae 

247 

248 
249, 250 

194> 193 
251, 233 
204 

156 
252, 253 

149 

182, 135 

254 
255 

256 

257, 258, 259 
260 
261 
156, 262 

420 

158 

263 
153, 264, 265 
205 
266 
267 
147 
268, 269, 270 

271, 179 

272 
420 

153 
273, 274 

264, 153 
182 
275, 264, 153 
155, 276, 277 

-120 
420 

*See footnote on page 133. 
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TABLE 1. Continued. 

Plant 

Synei les i s  pa lma ta  Maxim. 

Tussalago j a r j a r a  L. 
LEGUMINOSAE 
Crotalaraa aegypt ica Benth 

C. agati’oru Schweinf. 

C .  anagyroides  Hunib. et a l .  

C. assani ica Benth..  . . . . . .  
C. ax i l lar i s  Ait . .  . . . . . . . . . . . . . .  

C. barbata R. Graham ex Wight et 
Walk.-Am. . . . . . . . . . . . . . . . . . . .  

C .  breoi jol ia .  . . . . . . . . . . . . . . . .  

C.  burhia Buch.-Ham.. . 

C. crass ipes  Hook. (see C. noeae- 
hol landiae DC. subsp. nooae- 
hol landiae)  

C. cr ispata  F. Muell. ex Benth.. , . 

C .  dura J. 51. Wood et E v a n s . .  , , . 
C. fuloa Roxb.. . . . . . . . . . . . . . . . . .  
C. globijera E. Mey. .  . . . . . . . . . . . . .  
C. grahantiana R .  Wight e t  Walk.- 

Am.. . . . . . . . . . . . . . . . . . . . . . . . . .  

C. grant iane Harvey. 

C.  incana L. 

C. zntermedza Kotschy 

C.  juncea  L.. 

C. laburni fol ia  L 

C .  laburni fol ia  L. subsp. eldoniae . 

. . .  

. . .  

Constituent 
A1 kaloids 

syneilesine 
acety!syneilesine 
senecionine 
senkirkine 

monocrotaline ’ 
crosemperine 
78-hydroxy-1-met hylene- 

@-p yrrolizidine 
niadurensine 
anacrotine 
7-acet ylmadurensine 
Facetylanacrotine 
,-ace t yl-cis-madurensine 
6-acetyl-trans-anacrotine 
crotaflorine 
(i-angelyl-trans-anacrotine 
1-methylenepyrrolizidine 
senecionine 
anacrotine 
monocrotaline / 

axillarine 
axillaridine 

crobarbatine 
integerfimine 
usaramine 
crotalarine (croburhine) 
monocrot aline 

monocrot aline 
fulvine 
crispatine 
dicrotaline 
fulvine 
dicrot aline 

monocrotaline 
grahamine 
monocrotalinine 
grantianine 
grantaline 
l-hydrouymethyl-lp,2P- 

epoxypyrrolizidine 

1 usaramine 
1 integerfimine 

usaramine 
~ senecionine 

sene c iph ylline 
riddelliine 
trichodesmine 

anacrotine 

1-me th  ylenep yrrolizidine 
madurensine 
anacrotine 
senkirkine 
hydroxysenkirkine 
crotafoline 

, junceine 

(c ro t a1 aburnine) 

Plant Ref. 
Pa r t  

ae, rt 278, 279 

fl, If 18,425 

ae 419 

ae 426 

ae 280 
281 

sd 
sd 
s d  

sd 

s d  
sd 
sd 
ae 

wh 

ae 
ae 
ae 

sd 
s d  
wh 
s d  
sd 

sd 
ae 
sd 
sd 

sd 

sd 

sd 
ae 

282, 283 
284 
280 
285, 286 
287, 288 

289 
290 
29 1 
292, 293 

294 

295, 296 
297 
295, 296 

298 
299 
300 
301, 259 
35 

187 
302 
303 
304 

305, 306, 307 

308, 309, 310, 
291, 311 
35 

312 
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TABLE 1. Continued. 

Plant Constituent Plant Ref. 
Alkaloids , Par t  

C. lechnaul t i i .  . . . . . . . . . . . . . . .  monocrotaline 

C. lei loba Barth.  (syn. C. ferruginea  

C. m a d u r e n s i s  i. Wight. .  . . . . . . .  

crispatine 

Wall .) .  . . . . . . . . . . . . . . . . . . .  monocrotaline . 
madurensine 

' crispatine 
1 fulvine 
~ cromadurine 

isocromadurine 
C. nritchellil Benth.  . . . . . . . . . . . . . .  monocrotaline 

C. mucronata Desv. (see C. pall ido 

C. m y s o r e n s i s  Roth . .  . . . . . . . . . . . . .  1 monocrotaline 
C. nana Burm..  . . . . . . . . . . . . . . . . . .  crotananine , cronaburmine 
C. novae-hollandiae DC. subsp. 

las iophyl lu  (Benth) -4. Lee. . . . . . . .  ~ monocrotaline 
retusamine 

C. nozaehol landiae DC.  subsp. 
nocae-hol landiae. .  . . . . . . . . . . . . . .  retusamine 

Desv., C. striata U C . ) .  . . . . . . . . . . .  usaramine 
C. pal l ida  Ait. (syn. C. mucrona!u 

I 
Ait.) 

. 

C .  paniculuta Willd. .  . . . . . . . . . . . . .  
C .  quinquefol ia  L . .  . . . . . . . . . . . .  
C .  recta Steud. ex A. Rich.  . . . . . . .  

C. reiusa L. 

C .  rubiginosa Willd. ( C .  wight iana R .  
Graham ex R .  Wight e t  Walk.- 
Am.)  . . . . . . . . . . . . . . . . . . . . . . . . . .  

c. sagi t lal is  L.. . . . . . . . . . .  
C .  semperfEorens Vent. ,  . . , 

C.  sericea Retz . .  , , . . , . , . 

C .  spar t io ides  D C . .  . . . . . .  . . . . . .  
C. spectabi l is  R o t h . .  . . . . . . . . . .  

C. s t ipu lar ia  Desv. .  . . . . . . . . .  
C. tetragona Roxb.. . . . . . . . . . . . . . . .  

C. usaramoens i s  E. C;. Baker . . . . . .  

C. r'errwrosa L. 

C .  walker i  -4rnott 

C. sp. aff. mitche l l i i  

int egerrimine 
mucronatine 

nilgirine 
crotastriatine 
fulvine 
monocrotaline 
monocrotaline 
t richodesmine 
monocrotaline 
re tusine 
retusamine 
retronecine 

(usaramine? ) 

junceine 
trichodesmine 
monocrot aline 
crosemperine 
monocrot aline 
spec t abiline 
ret rorsine 
monocrotaline 
spect abiline 
retusine 
nionocrqt a!ine 
integerrimine 
trichodesmine 
integerfimine 
usaramine 
senecionine 
retrorsine 
1-methylenepyrrolizidine 
anacrot ine 
crotaverrine 
acet ylcrotaverrine 
crotaverrine 
acetylcrotaverrine 
re tusamine 

sd 313 

sd 314 
sd 280 
ae 315 

sd 62, 316 
sd  317 
wh 318 

wh 318 

sd 318 

sd  291, 35 

321 

sd 322 
sd  323, 324 
sd 325 
sd 35 
ae 326 

sd  327 
sd, ae 328 

sd 329 

sd 330 
sd 331 
sd 332, 333 

ae 334 
sd 335, 327 
sd. a h  336 
sd 35 
sd 314 
sd 314 

sd 18T 
sd 337 

sd 340 

wh 318 
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T ~ B L E  1. Continued. 

I I 
Plant Constituent 

Alkaloids 
Plant Ref 
Pa r t  

RANUNCULACEAE 
Caltha bi$ora 
C. l ep to iepala  
SCROPHULARIACEAE 
Cast i l le ja  rhexqol ia  Rydb. . 

senecionjne 
senecionine 

I senecionine 

ae 341 
ae, r t  341 

342 I 
Abbreviations: wh=whole plant b k = b a r k  

ae = above ground parts of plant If =leaf 
r t  = root f l =  flower 
st =stem sd = seed 

TABLE 2. 

( a )  

Plants with known alkaloids which are non-hepatotoxic aniinoalcohols and esters. 

In f a m i l i e s  in which hepatotoxic  alkaloids  occur .  

Plant 

APOCYNACEAE 
A l a f i a  mul t i f lora  
Anodendron  a f i n e  Druce 

BORAGINACEAE 
Caccznea glauca Savi 
H e l i o t r o p z u m  stragosum Willd 

Lindelof ia  macrostyla (Bunge) hl. 
Pop. (syn. Landelofia anchi i sodes ,  
P a r a c a r y u m  helzocarpum Kern.) 

L.  olgae (Regel e t  Smirnov) Brand. . .  
L.  pterocarpa  (Rupr.) M. Pop..  . . . . .  
M a c r o t o m i a  echioides Boiss.. . . . . . . . . .  
P a r a c a r y u m  h imalayense  (Klotsch) 

C. B. C la rk . .  . . . . . . . . . . . . . . . . . . .  
Tournejor t ia  sibirica L. .  . . . . . . . . . . . .  
Trachelanthus  hissoricus Lipsky . .  . . .  

T.  korolkooi i  (Lipsky) B. Fedtsch..  . . .  

CELASTRACEAE 
Bhesa  archboldiann (Merr. 8r Perry) 

Hou (syn. K u r r i m i a  archboldiana 
(Merr. & Per ry ) ) .  . . . . . . . . . . . . . . . .  

COMPOSITAE 
' A d e n o s t y l e s  rhombifol ia  (Willd.) M. 

Pimen. SSD. rhombifol ia  chemovar 
sarrac inqera  . . . . . . . . . . . . . . . . . . . . .  

" A d e n o s t v l e s  rhombi fo l ia  (Willd.) M. 
Pimen-ssp. rhom6ifolia'chemovar. 
pla typhyl l in i fera  . . . . . . . . . . . . . . . . .  

Constituent 
Alkaloids 

alafine 
allanodendrin 
anodendrin 

7,9-dibenzoylret ronecine 
s t  rigosine 
trachelanthamidine 

lindelofine 
lindelofamine 

viridiflorine 
viridiflorine 
macrotomine 

viridiflorine 
turneforcine 
viridiflorine 
trachelanthamine 
trachelanthamine 

uaternary chloride, 8: iiH32NOjCl 

9-angelylret ronecine 

sarracine 

plat yphylline 

Plant Ref. 
Pa r t  

sd 
ae 

fl 
ae 

ae 

If 

ae 
ae 
ae 

ae 
ae 
If 

ae 

bk 

ae 

ae 

343 
344. 345 

346 
347 

348 

349 

94 
93 

350 

93 
351 
352 

353,354,355, 
94 

356 

116 

116 

Y3ee footnote on page 133. 
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TW.E 2. Continued. 
- -___ 

Plant ' Constituent Plant 
Alkaloids l Part  

S .  sarrticeniits L . ,  , , . . . . . . .  
S. schwtzo t ' i i  Korsh..  . . . . . . . . . . .  
S. sylz,cifiriis L . .  . . . . . . . . . .  

141 

sarracine 
macrophylline 
silvasenecine 
sa  r r a c ine, 

lief. 

Cn cu lz< I hi1 S / O  111 L hast acme 
C. robirstu hast acme 
Kleinin kleinioides  (Sch Bip ) 

1 isosenaefnin 

sellae tnin 

M I? F Ta>lor  
12,lS-dehvdroiso- 

N o t o n i ~  petrcieci 1: E senael nil1 
Senecio ridnutiis I lC.  (see 5 

.S aetnensiA ,Jan senaetnin 
S amphibol irs  niac roph 1 I1 1 ne 
S cingtt/n(its L I angularine 

.S uronicoides  hh grophylline 
S niiciieri I)C senaetnin 

I t ranssenaet niii 
pterophorin 

S br(i 0 i ) p o d  l i s  11 C rosniarinine 
S riss inipel inirs  (DC ) Sch Bip 

l i jgroph I Illis) 

I rosniarinine 

1 z;%;ii;ii 
senampelin I> 

franchet ine 
.S frcincheti  Wink1 sarracine 

S hygroph j l l i i s  I? .I D > e r  et  C A 
Smith plat) ph) lline 

rosmarinine 

S. inueoitidens IIC 
1 hygrophylline 
I inaeauidenin 

r t  

ae 

ae 

ae, r t  
ae 
wh 

ae 

ae, rt 
ae, rt 

ae 

ae 

rt 

rt 
ae 
ae 
ae 

ae 

ae 
ae 
ae 
ae 

ae 

ae 
ae 
ae 

ae 
ae 

ae 
ae 

hydropyrrolizidine, 
~ 7p-hydroxy-1-methoxy- 

met hyl-l,2-dehydro- 
l pyrrolizidine 
~ 7~-acetosy-l-niethoxy- 
~ methyl-1,2-dehydrc~- 1 

pl~rol iz idine wh 

357, 241 
358 

428 

429 

430 
359 
3 GO 

-1 20 
431 

361 
424 

352 

366, 301 
367 

430 

43 1 
368 
155, 309, 370 
431 

371 

371 
361 
432 
433 

191, 192, 188 

153, 372, 373 
23 1 
362, 153 
3 i 4  
21 7 
375 

376, 377 
378 

379 
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TABLE 2. Continued. 

Plant 

C. cnndzccins W. and A. 

C. diinznrenszs Cngl. 
C .  goreenszs Griillem et Perrott 

C.  grcindistipztlcitci Harms. . . 
C. laclinopkorii A. Rich. . . 
C. niiiypiirensis Humb. et iil. 

C.  niediciiginen Lamk. 

C niitnlztzci Meissn 
C podociirpm DC. 

C. rhodeszcie 

C. stolzzz (Baf F.) l l i lne Redh. 

C. trzjolinstruni Willd (see C 

Cytzsus lnbitrnitni L 
medicngznea Lamk ) 

Constituent 
AI kaloids 

crocandine 
isocrocandine 
1-methylenepyrrolizidine 
78-hydrosy-1-met hylene- 

78-hydroxy-1-met hylene- 

base C1gHI~OX 
1-me t hylenepyrrolizidine 
1-methylenepyrrolizidine 
ip-h ydros y-1-me t hylene- 

88-pyrrolizidine 
ip-hydrosj--l-me t hylene- 

8a-pyrrolizidine 
l-methoxymethyl-l,2-de- 

hSdro-8cr-pyrrolizidine 
70-hydrox y-1-me t hoxy- 

methyl-1 ,2-dehydro- 
8a-pyrrolizidine 

la-me thoxymet hyl-l8,2p- 
epoxy-8cr-pyrrolizidine 

ia-hydrosy-1-met hoxy- 
met hy1-1,2-dehj-dro- 
8a-pyrrolizidine 

1-hydroxyme thyl-lp,2$- 
epoxy-8a-pyrrolizidine 

1-met hylenepyrrolizidine 
78-hydroxy-1-met hylene- 

80-pyrrolizidine 
1-met hylenepyr- 

rolizidine 
1-met hylenepyr- 

rolizidine 

8p-pyrrolixidine, 

&-pyrrolizidine, 

laburnine 
1-hydrosymet hyl-7-hy- 

droxypyrrolizidine 
laburnamine 

( b )  In joni i l ies  in whicl i  hepatotoxic  cilknloids ore  i i n k n o ~ a n .  

ORCHIDACEAE 
Ck.vsis hrnctescens Lindl. 

Doritis piilcherrinin (syn. 

Hnnrninrhyii priliidoso L.. . . . . . . 
Phnlmeriopsis esniernldo) . . . .  

la-met hosycarbonyl-8,3- 

la-et hoxgcarbonyl-8p- 

phalaenopsine La or T 
paludosine 

pyrrolizidine 

, pyrrolizidine 

hamniarbiiie 
Kingielln taeninlis (Lindl.) Iiolfe, . , . . phalaenopsine La 
L i p u r i s  iiuricnlntci (Blume) . . . . . auricnline 
1,. hicnllosri Schlt r . .  , . , . . . . , . ' laburnine 1 malasine 
L. liocliijoensis S a k a i  , . . . . , . . . . . ~ laburnine 

' malasine 
L. keiilioensis Hay. ,  . . . . I keitwine . . . . 

keitiiie 
L. ki tmokir i  F. Maekawa . . . . . . . '  kumokirjne 
1,. kniniuri  French. et Sav . .  . . . . . . . . . ~ kurmnerine 

Plant Ref. 
Pa r t  

sd 

a h ,  sd 
ae, sd 

sd 
sd 
ae, sd 

a h ,  sd 

wh, sd 

sd 

sd 
sd 

Sd 

sd 

sd 

380 

381, 283 
382 

434 
434 
383 

378 

384 

385, 386 

379 

434 
435 

35 

434 

387, 388, 389 
390 

wh 391, 392 

wh 393 
a h  394 
wh 355 
wh 3% 
wh 357 
wh 397 
wh 398, 399 
wh 395 

I 398 
1 wh 395 , 
1 wh 400, 358 
I wh 400, 398, 399 
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'rA1II.E 2 .  Continued. 

Plant 

L .  loeselii(L.) L .  E .  R i c h . .  . , . 
I-. ner'r'osri Lindl..  . . . . 
dfa i~z .y i s  UJngeSkJ comb. nov. 

'11. grovdcfolirz Schit r . .  ' . . ' 

Phuliienopsis (iiiiiihilis BI.. 
P . ci t ) i  hoiii e n s  i s  
P. ciplirociiie. 
P .  corni l -cer i~ i  Iichb. f . .  
P. epicestris Iichb. f . .  . . . . 
P .  ,tinibriotri. . . .  . . 

P .  hierog1j:firri 
P .  Iiceddeiiiniiriiriiiii. . . .  
P. ~ i i ~ i i i i i i  Rchb. E.. . . . . 
P .  siiiideriiin1,i Rchb. f . .  . . . . 

P .  .ycl;illeriiimi 

(Rchb. f . ) .  . . . 

. . . 

. . . 

P .  stiro~tir2ti0 1:chb. f . .  . . . 

P . siiitiii iriiiiii 

1'. lissoc1iiioide.s Pfitz..  . . 

RHIZOPHORACEAE 
Cossipourea gitniniijirn Tulasne var .  ~ 

w r ! i c e l l u f a  Leu% , . . . . . . . . . . 

SANTALACEAE 
Tlresiirirr nrirzk7i~it-iri~iiini B.  Fedtsch. . . ' 

SAPOTACEAE 
. l J i t i i i ~ . ~ u p ~  e l r ) i g i  L 

P1:rticiioiiell~i i i i i ter idi fer i i  (C. T. White ' 
et W. D. Francis) H. . I .  Lamb. .  . 

P .  thyrosoideii C.  T. White ex F. S. 
. 

Walker. . . . . . . . . . , , .  . . .  . i  

Constitueiit ~ Plant lief. 
Alkaloids Par t  

auricu1,ine 
nervosine 

nialasin 
grandifoline 
phalaenopsine T 
phalaenopsine La 
phalaenopsine T 
cornucervine 
phalaenopsine Is 
plialaenopsine T 
phalaenopsine La or  T 
phalaenopsine La or  T 
phalnenopsine La 
phalaenopsine La 
phalaenopsine T 
phalaenopsine La 
phalaenopsine La  
phalaenopsine T 
phalaenopsine La 
phalaenopsine La or  T 
laburnine acetate 
laburnine 
laburnine acetate 
laburnine acetate 
laburnine acetate (or  

laburnine 
lindelofidine 
laburnine acetate 
lindelofidine acetate 
laburnine 
lindelofidine 
Inburnine acetate 
lindelofidine acetate 

lindelofidine acetate) 

cassipourine 

thesine 
t hesinine 
t hesinicine 
isoretronecanol 

1-hydrosyniet hyl-pyr- 
rolizidine tiglate 

planchonelline 
labiirnine angelate 

planchonelline 
laburnine tiglate 
laburnine benzoate 
i- j-isoretronecyl trcins- 

$-methyl thioacrylate 
(- i-isoretronecyl t iglate 

wh 

~ '+h 
u h  

l u-h 
u h ' 1% h 
u h  

a h  
a h  

u h  
M h 

1 a h  

' a h  
wh 

u h  

a-h 

I a h  

i n h 

u 11 
1 a h  

u 11 

I 
I 
I 

~ fp 
ae 

I 

I 

If 

1f 

If 

391 
3'38, 401 

402 
403 
404, 405, 393 
393 
393 
4oG, 393 
393 
393 
393 
393 
393 
393 

393 
393 

393 
393 
407 
408 

408 
408 

408 

408 

409 
410 

411 
112, 413 

414 

415 

415 

416 

Abbreviations: 
wli=whole plant bk = bark 
ae = n h v e  groiind par ts  of plant I f  =leaf 
rr = root f l =  flower 
SI =sten1 sd = s e d  
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Boraginaceae are uell knoivn aq honey sources and honey derived from E c h i u m  
plantagiiieiini ,  for example, has recently been qhonn to contain up to 1 ppni alkaloid 
(Culvenor et al . ,  unpublished data).  There are probably many regions in the 
n orld n here the degree of surveillance is inadequate to ensure that cereal grains 
are not occasionally contaniinated M it11 alkaloid at  this and higher levels. 

The main table, table 1, lists the species knoun t o  contain alkaloids of denion- 
strated hepatotoxicity or of a structural type n liich makes them very probably 
hepatotoxic (27). The ingestion of these plant species, in any form, should be 
avoided or minimized as far as possible. The supplementary list, table 2 ,  is of 
species IT hose ltnon n alkaloids do not hare  all tlic feature5 needed for hepato- 
toxicity but are pyrrolizidine aminoalcoholq or esters needing only minor modifica- 
tion to be in the hepatotoxic category. The species in table 2a are also in the 
same genera or taxononiic groups as liepatotoxic species arid there is a possibility 
that  hepatotoxic alkaloids nil1 be found 011 further examination, as minor con- 
stituents, in strain. or plant parts not yet investigated, or under specific conditions 
of gronth.  Table 2a includes several bpecies for nliicli the only pyrrolizidine 
derivatives yet iqolated are acylpyrroles, I\ hich are 50x0-  derivatives of the toxic 
metabolites of hepatotoxic alkaloid<. Tables 1 and 2a also include 3 species 
(Seizecio antieztpliorbiirm, S. pteroplioriu and S .  mikal t iozdes)  in n hich acylpyrrole3 
and pyrrolizidine alkaloids are known to co-occur. Thus the species in table 2a 
are not entirely free of suspicion. 

The species in table 2b are in families, notably the Orchidaceae, to which no 
suspicion of liepatotoxicit? has attached and 11 hich, we believe, may still be regarded 
as free of suspicion of chronic pyrrolizidine alkaloid toxicity. 

The species for vhic21 there is information available a t  present are fex in 
relation to the total number of species in the genera concerned. It nould be 
prudent to regard all species in the family Boraginaceae and the genera Crotalaria, 
Ez tpator iuni ,  Senecio and other related genera of the tribe Senecioneae as potentially 
hepatotoxic if they have not yet been investigated. 
Receitled 13 M n r c h  1980 
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