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The pyrrolizidine alkaloid content of Solanecio gigas (Vatke) C. Jeffrey (Asteraceae), an Ethiopian
medicinal plant widely used for the treatment of colic, diarrhea, gout, otitis media, typhoid fever, and
noted for its wound dressing and antiabortifacient activities was studied. The flower and leaf extracts
contained 0.19% and 0.14% alkaloids (dry weight), respectively. GLC-MS analysis indicated that all
the alkaloids in the flowers are pyrrolizidine alkaloids (PAs), whereas the leaves contain other type of
alkaloids with PAs occurring in low concentrations. Roughly, 80% and 90% of the total PAs in the
flowers and the leaves, respectively, were shown to occur as N-oxides. Eighteen alkaloids were de-
tected in the flower extract with the retronecine type twelve-membered macrocyclic diesters integerri-
mine, senecionine and usaramine comprising 82% of the total PA content. Analysis of the PA profile
of the leaves indicated that it has a simpler pattern than the one observed for the flowers. Only five
PAs were detected in the leaves with integerrimine making up about 50% of the total PAs. Quantifica-
tion of the PA content by GLC showed that the flowers and leaves contain 3321.21 and 84.84 ug per
10 g of dried plant material, respectively. These results indicate that users of this herb are at high risk
of poisoning since the most toxic twelve membered macrocyclics of the retronecine type are the domi-

nant PAs in the plant.

1. Introduction

Solanecio gigas (Vatke) C. Jeffrey (Asteraceae) is a giant
rosette herb or shrub with soft woody stems growing to
4 m high. The leaves are large and shallowly lobed with
dull yellow flower heads which are clustered in large
terminal panicles (Tadesse 2004). All parts of the plant,
but especially the flowers, have an unpleasant or mushy
odour. Although it is mainly found along stream banks in
wet evergreen forests, it also grows as a hedge-plant in
church compounds and house-gardens in villages and is
very common throughout the highlands of Ethiopia.

S. gigas is endemic to Ethiopia where it is well known by
various vernacular names, which include “Yeshkoko-Go-
men”, “Abezenta” and ‘“Nobe”. It is also one of the most
widely used plants in Ethiopian traditional medicine. The
aboveground whole plant (stems, leaves and flowers) are
used for the treatment of colic, diarrhea, gout, otitis med-
ia, typhus, for wound dressing, as an anti-abortifacient and
to improve the mental faculty (Desta 1994; Getahun 1998;
Abebe etal. 2003). Extracts of the roots are also em-
ployed against typhoid fever (Fichtl and Adi 1994). De-
spite its wide application in traditional medicine, however,
there appears to have been no report in the literature con-
cerning the chemical constituents of the plant. To date, the
only published reports available on S. gigas are investiga-
tion of the ecophysiology of niche occupation of the plant
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in a small mountain valley in afromontane forest valley of
central Ethiopia (Liittge et al. 2001), and the activity of its
leaf extracts against a limited number of bacteria and fungi
(Desta 1994).

S. gigas belongs to the tribe Senecioneae, which contains
genera such as Cacalia, Crassocephalum, Emilia and
Senecio, all of which are adept in the biosynthetic elabora-
tion of hepatotoxic pyrrolizidine alkaloids (PAs) (Cava
1968; Asada 1985; Cheng 1986; Mattocks 1986). The
wide application of S. gigas as a herbal medication and its
close taxonomical similarities with the extensively studied
Senecio species prompted our interest in the scientific
investigation of this herb. The aim of the present study is
therefore to check if PAs are present in this medicinal
herb and if so, to quantify the level of alkaloids in flowers
and leaves of the plant.

2. Investigations, results and discussion
2.1. Alkaloid profiles

Acid-base partition of the hydroalcoholic extract of the
flowers and leaves of S. gigas with and without zinc treat-
ment allowed us to determine the content of free PAs and
N-oxides in the plant parts. Thus, the proportions of PAs
present as N-oxides in the flowers and leaves were found
to be 92% and 81% of the total PA content, respectively.
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Table 1: Alkaloids identified in S. gigas leaves and flowers by GLC-MS

155 (23), 138 (2), 11 (61), 94 (20), 80 (100), 68 (16), 53 (11)
321 (4), 222 (25), 144 (28), 136 (4), 121 (86), 120 (44), 119 (4), 108 (43), 93 (16 ), 83

335 (1), 256 (33), 228 (5), 160 (5), 136 (13), 121 (65), 120 (100), 119 (15), 106 (25),

337 (30), 208 (19), 136 (32), 120 (100), 119 (74), 93 (71), 80 (21), 55 (18)
333 (1), 222 (13), 208 (4), 194 (7), 177 (8), 153 (5), 122 (16), 121 (90), 120 (56), 108

337 (6), 222 (26), 138 (44), 136 (79), 121 (78), 120 (100), 119 (72), 95 (99), 93 (71),
335 (14), 246 (19), 220 (18), 138 (45), 136 (96), 120 (100), 119 (81), 109 (27), 95 (50),
333 (6), 246 (9), 138 (34), 136 (71), 120 (100), 119 (82), 95 (57), 94 (82), 93 (64), 80
337 (4), 246 (2), 211 (35), 140 (100), 138 (63), 123 (39), 122 (68), 96 (33), 95 (35), 82

333 (1), 289 (6), 246 (11), 166 (79), 138 (39), 137 (77), 136 (64), 120 (100), 119 (73),
108 (32), 95 (61), 94 (65), 93 (61), 80 (32), 55 (40)

335 (6), 291 (12), 248 (12), 220 (21), 153 (6), 138 (46), 136 (87), 121 (77), 120 (99),
119 (100), 109 (24), 95 (68), 93 (85), 80 (31), 53 (25)

337 (5), 220 (3), 211 (36), 180 (8), 140 (100), 138 (47), 123 (45), 122 (74), 108 (9), 96

337 (3), 237 (16), 222 (17), 140 (47), 139 (31), 138 (100), 123 (65), 122 (65), 95 (38),
337 (1), 237 (29), 222 (20), 140 (36), 139 (33), 138 (100), 123 (37), 122 (32), 108 (63),

337 (9), 319 (43), 308 (28), 155 (23), 136 (35), 124 (23), 120 (30), 119 (74), 111 (73),
94 (29), 93 (11), 80 (100), 68 (13), 55 (23)

337 (10), 319 (52), 308 (30), 280 (5), 155 (24), 136 (24), 120 (17), 119 (80), 11 (70),
106 (50), 94 (28), 93 (11), 83 (28), 80 (100), 68 (15), 55 (23)

369 (6), 338 (7), 226 (6), 155 (33), 138 (100), 136 (24), 120 (16), 119 (13), 94 (52), 93

337 (1), 288 (2), 155 (8), 138 (65), 137 (44), 136 (29), 119 (12), 94 (39), 93 (100), 80

365 (4), 337 (9), 294 (17), 266 (19), 250 (23), 222 (18), 211(21), 168 (26), 151 (100),
123 (54), 110 (64), 96 (40), 94 (21), 81 (50)

339 (3), 72 (14), 207 (8), 153 (19), 138 (65), 137 (76), 136 (58), 121 (17), 120 (10),
119 (13), 109 (15), 94 (52), 93 (100), 80 (23), 67 (12), 55 (15)

Alkaloid RI M)+ Characteristic ions m/z (relative abundance)
Retronecine (1) 1449 155
Unknown A (2) 2231 321

(100), 59 (23), 55 (68)
Unknown B (3) 2248 335

94 (13), 93 (10), 80 (9), 55 (5)
Unknown C (4) 2259 337
Unknown D (5) 2278 333

(40), 93 (14), 83 (100), 55 (48)
Unknown E (6) 2297 337

80 (28), 55 (22)
Senecionine (7) 2308 335

94 (70), 93 (72), 80 (33), 67 (14), 53 (25)
Seneciphylline (8) 2318 333

(31), 67 (18), 53 (15)
Bulgarsenine (9) 2352 337

95), 53 (16)
Spartioidine (10) 2354 333
Integerrimine (11) 2362 335
Neoplatyphylline (12) 2386 337

(26), 95 (15), 82 (92), 55 (16)
Sarracine (13) 2411 337

82 (70), 55 (22)
Neosarracine (14) 2434 337

95 (56), 82 (50), 55 (26)
Unknown F (15) 2436 337
Unknown G (16) 2468 337
Unknown H (17) 2476 369

(83), 80 (30), 55 (14)
Unknown I (18) 2521 337

17, 55 (10)
Neosenkirkine (19) 2554 365
Unknown J (20) 2593 339
Usaramine (21) 2604 351

351 (11), 246 (5), 220 (13), 138 (36), 136 (84), 121 (73), 120 (96), 119 (100), 93 (73),

80 (29), 53 (23)

As shown in Table I, GLC-MS analysis of the reduced
alkaloid extract of the flowers of S. gigas demonstrated
the presence of eighteen alkaloids of which ten were iden-
tified by comparison of their RIs, molecular masses and
mass fragmentation patterns with defined reference data
from our PA database or in some cases with reference
compounds. Six of the identified compounds were unsatu-
rated alkaloids. Of these, four were twelve-membered
macrocyclic esters based on retronecine. One of the alkal-
oids detected was a twelve-membered macrocyclic but
with the necine base otonecine (N-methylated azacyclo-
octan-4-one ring system). The unsaturated necine base ret-
ronecine was also detected in the sample as a minor com-
ponent. The remaining four alkaloids were saturated
alkaloids based on platynecine base. Two of them were
open chain diesters and the remaining two twelve-mem-
bered macrocyclics.

Eight alkaloids were also present in the sample in rela-
tively low concentrations. As the Rls and fragmentation
patterns of these alkaloids were not consistent with the
data of any of the alkaloids documented in the literature
or in our database, they were identified as unknown B
(RI = 2248), unknown C (RI = 2259), unknown E (RI =
2297), unknown F (RI = 2436), unknown G (RI = 2468),
unknown H (RI = 2476), unknown I (RI = 2521) and un-
known J (RI = 2593). The precise structures of these alkal-
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oids could not be determined from the data obtained by
GLC-MS analysis. However, some important structural
features were obtained from their MS fragmentation pat-
terns. Inspection of the mass spectra of these alkaloids
(Table 1) revealed that although their RIs and/or molecular
masses are different from each other, they all contain
peaks with m/z 136, 120, 119, 93. Perusal of literature
unveils that in a number of cases the presence of these
four fragment ions has served as a basis for identification
of the retronecine nucleus of alkaloids with a twelve-mem-
bered macrocyclic ring (Bhacca and Sharma 1968; Crout
1969; Coucourakis and Gordon-Gray 1970). In addition to
these peaks, the other fragment ions in the region m/z
155-55 of the spectra of these alkaloids, which are due
largely to fragments of the pyrrolizidine ring, are strik-
ingly similar with those of retronecine (Table 1). It has
been documented that the main fragmentation pathways of
the macrocyclic diesters leave the necine base until a late
stage (Neuner-Jehle et al. 1965; Atal 1966). Thus, it can
be concluded that all the unknown alkaloids that were de-
tected in the flower extracts of S. gigas are most likely
twelve membered macrocyclic diesters of retronecine.

The flower extract of S. gigas is dominated by the un-
saturated twelve membered macrocyclic diesters. Inte-
gerrimine, senecionine and usaramine were the three
major PAs that comprised more than 80% of the total
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R=H Integerrimine (11)
R=OH Usaramine (21)

OH

Neosarracine (14)

PA content of the extract (Table 2). Senecionine and
integerrimine are isomers having indistinguishable mass
spectra; identifications were based on their RIs and com-
parisons with authentic standards of each compound. Usara-
mine (hydroxyintegerrimine) was identified on the basis of
its distinct mass spectrum which contains intense peaks at
m/z 119 and 120. Moreover, it was retained on GC much
longer than senecionine or integerrimine (Witte et al.
1993).

The four saturated PAs that were found in the flower sam-
ple were bulgarsenine, neoplatyphylline, sarracine and
neosarracine. Although the four alkaloids have the same
molecular weight, the mass fragmentation patterns of the
latter two compounds are similar but significantly different
from those of the former two. All these alkaloids were
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Spartioidine (10)

OH

Sarracine (13)

Neosenkirkine (19)

detected as very minor components and they accounted
for roughly 2.5% of the total PA content (Table 2).

The leaf extracts of S. gigas showed a simpler PA pattern
than the one observed for the flower extracts although
alkaloids other than PAs, which are not the focus of this
study were also detected. Only five PAs were found in
detectable levels as shown in Table 2. Three of them were
positively identified as twelve-membered macrocyclic die-
sters of the retronecine type with integerrimine and spar-
tioidine making up more than 70% of the total PA content.
It is interesting to note that the flowers contain seneciphyl-
line while its E-isomer spartioidine occurs in the leaves.
The saturated platynecine-based alkaloid neoplatyphilline
was detected as a minor component making up about 5%
of the total PAs present in the leaves.
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Table 2: Profiles and concentrations of PAs in the leaves and
flowers of S. gigas as quantified by GLC

Alkaloid RI Alkaloid composition
(% relative abundance)™®
Leaves Flowers
Retronecine (1) 1449 ND tr
Unknown A (2) 2231 4.72 ND
Unknown B (3) 2248 ND 1.34
Unknown C (4) 2259 ND 0.36
Unknown D (5) 2278 18.52 ND
Unknown E (6) 2297 ND 0.87
Senecionine (7) 2308 ND 22.76
Seneciphylline (8) 2318 ND 1.35
Bulgarsenine (9) 2352 ND 0.33
Spartioidine (10) 2354 21.31 ND
Integerrimine (11) 2362 50.47 54.48
Neoplatyphylline (12) 2386 4.98 1.43
Sarracine (13) 2411 ND 0.36
Neosarracine (14) 2434 ND 0.24
Unknown F (15) 2436 ND 2.13
Unknown G (16) 2468 ND 1.67
Unknown H (17) 2476 ND 3.15
Unknown I (18) 2521 ND 3.68
Neosenkirkine (19) 2554 ND 0.41
Unknown J (20) 2593 ND 0.37
Usaramine (21) 2604 ND 5.08
Total PAs (ug/10 g dry weight) 84.84 3321.21

* Total alkaloid 100%
ND = Not detected; tr = traces (amounts less than < 0.1% of total PA)

Two alkaloids identified as unknown A (RI =2231) and
unknown D (RI=2278) were also detected in the leaf
extract of S. gigas. These components accounted for 4.72%
and 18.52% of the total PA content, respectively. Further
structural analysis of these alkaloids was not possible due
to the small amount of total PAs present in the leaves.
However, the compounds have typical mass fragmentation
patterns of PAs showing peaks at m/z 136, 121-119, and
93, characteristic fragments for the retronecine part of ret-
ronecine-based alkaloids (Neuner-Jehle et al. 1965; Rashkes
1978).

2.2. Toxicological implications

It is now well recognised that PAs cause acute toxicity,
chronic toxicity and genotoxicity in large variety of ani-
mal species. Whilst acute poisoning causes massive hepa-
totoxicity and hemorrhagic necrosis, chronic poisoning
takes place mainly in the liver, lungs and blood vessels
(Mattocks 1986). Like most genotoxic compounds, PAs
require metabolic activation to exert genotoxicity (Fu et al.
2002). One of the most important pathways responsible
for PA intoxication is hydroxylation at the C-3 or C-8
position of the necine base to form 3- or 8-hydroxy ne-
cine derivatives followed by dehydration, to form the
corresponding dehydropyrrolizidine (pyrrolic) derivatives
(Yang et al. 2001). For such metabolic activation to take
place, 1,2 unsaturation, an esterified allylic hydroxyl
group at Cg and an esterified alcoholic hydroxyl group at
C; are essential features.

PAs of the retronecine, otonecine and platynecine types
occur in the flowers, whereas the leaves contain PAs
which are based on retronecine and platynecine necine
bases. As indicated above, the platynecine type alkaloids
cannot undergo oxidation to pyrrolic metabolites because
of the absence of a double bond at 1,2 position and there-
fore are not toxic. On the other hand, the retronecine type
alkaloids are abundant in nature and are well known to be
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highly toxic because of their potential to be converted to
pyrrolic intermediates. Although literature reports on the
metabolic activation of otonecine type PAs and the in-
duced hepatotoxicity are rather scarce, Lin and co-workers
identified a dehydroretronecine metabolite from an otone-
cine type PA confirming that these type of alkaloids is
also enzymatically converted to metabolites which are si-
milar to those formed from retronecine type PAs (Lin et al.
1998, 2000). As a result of this conversion, these class of
alkaloids is also potentially toxic.

A study conducted by Frei et al. (1992) has shown that sene-
cionine, one of the major alkaloids in the flowers of S. gigas,
is among the alkaloids with the highest mutagenic activity.
Similarly, in rats senecionine, seneciphylline and usaramine
were reported to have an acute lethal dose of less than
0.1 mmol/kg body weight (Culvenor et al. 1976).

GLC quantification of PAs in the extracts of S. gigas using
senecionine as an external standard revealed that in 10 g
of dried plant material the flowers and leaves contain
3321.21 and 84.84 ug of PAs, respectively. In both organs
the predominant PAs contain a 1,2-unsaturated necine ske-
leton. The health hazard that may arise as a result of con-
suming this herb is therefore apparent. According to Cul-
venor (1983), a dose of 0.7-1.5 mg/kg per day of the
most toxic twelve membered macrocyclic alkaloids such
as retronecine can cause liver necrosis, liver fibrosis, and
cirrhosis within 2 weeks of intake. The toxic dose for chil-
dren could go down to 0.01-0.06 mg/kg per day because
of the greater sensitivity of children to the effects of this
type of alkaloids (Jago 1970). It has also been reported
that a single intake of 10 to 20 mg of an alkaloid or alkal-
oid mixture can cause acute toxicity with enlargement of
liver cells and liver nuclei, disturbances of liver metabo-
lism, inhibition of mitosis due to DNA blocking and fatty
degeneration (Roeder 1995). However, long-term adminis-
tration of smaller doses (less than 10 ug) may cause liver
cirrhosis and carcinomas with exposure to the most toxic
PAs. Although, PAs do not accumulate in any parts of the
body, the prolonged use of these compounds may increase
the chance for developing liver diseases (Mattocks 1986).
The World Health Organization in 1989 suggested that the
lowest intake rate of PAs that reportedly caused veno-oc-
clusive disease in a human was just 0.015 mg/kg of body
weight per day (Dharmananda 2001).

In light of the above, several governments and industrial
agencies have proposed or set regulations to limit the ex-
posure of the public to these alkaloids. For example in
Belgium the limit of PAs has been proposed to be 1 ug/g
of herb; the German Health Administration has limited the
daily intake of PAs to 1 ug with limited administration of a
total of six weeks per year. Likewise, the American Herb
Products Association has recommended that all botanicals
containing PAs to be used only for external application;
they should not even be applied to broken or abraded skin
(Dharmananda 2001).

Based on the aforementioned recommended limits, the PA
content of S. gigas surely provides reasons for concern at
the human consumption of this plant. S. gigas is also one
of the most important plants that contribute to the honey-
bee flora of Ethiopia (Fichtl and Adi 1994). Thus, honey
produced from flowers of S. gigas may contain PAs further
contributing to exposure of consumers to PAs.

It is therefore necessary for the regulatory bodies to set a
regulation that prevents ingestion of the herb, in any form,
or at least minimize its use as far as possible. It is also
recommended that honey originating from flowers of
S. gigas should be evaluated for its PA content.
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3. Experimental

3.1. Plant material and a reference alkaloid

Leaves and flowers of S. gigas were collected on 22 April 2006, from
Kebena area, northern part of Addis Ababa at an altitude 2400 m and were
identified by Ato Melaku Wondafrash (the National Herbarium, Depart-
ment of Biology, Addis Ababa University), where a voucher specimen
(#2759) was deposited for future reference. Standard senecionine was pur-
chased from Roth (Carl Roth GmbH + Co, Karlsruhe, Germany).

3.2. Alkaloid extraction

About 20 g (accurately weighed) of each of the dried and powdered plant
parts were extracted (3 x 24 h) with of 80% methanol (150 ml) in a shaker.
The combined extracts were evaporated to dryness under reduced pressure,
dissolved in 40 ml of 1 M HCI and filtered. The filtrate was washed with
dichloromethane until the washings were colourless. The acidic extract was
divided into two equal portions. Zinc dust was added to one of the por-
tions, stirred for 12 h and centrifuged. Similarly, the unreduced portion
was also left aside for 12 h. The two portions were then treated identically
as follows. Each portion was filtered and made alkaline (pH 9) with con-
centrated ammonia and applied onto columns packed with Chem Tube
Hydromarix (Varian, Inc., Palo Alto, CA, USA). The alkaloids were eluted
with dichloromethane (300 ml). The organic solvent was evaporated under
reduced pressure to yield alkaloid extracts. The alkaloid extract obtained
from zinc reduction represents total PAs as tertiary bases and the amount
of free PAs in the plant were obtained from the unreduced alkaloid ex-
tracts. The percentage of N-oxides in the sample was calculated according
to the following equation (Stelljes and Seiber 1990).

Total PAs — Free PAs
% N-oxides — Lo PAs — Free PAs
Total PAs

3.3. GLC analysis

Quantification of PAs was performed using Varan 3400 gas chromatograph
equipped with 30 m x 0.25 um OV-1 bonded with 0.25 um thick layer col-
umn (Ohio Valley, Marietta, Ohio, USA) and FID detector. Carrier gas
(helium) flow rate was 1.0 ml/min. Injector temperature was 250 °C and
the oven temperature was programmed from 100 °C to 300 °C at 4°/min
after an initial 1-min-hold and a 6 min final hold. All PAs eluted within
40 min. PeakSimple 2000 chromatography data system (SRI Instruments,
California, USA) was used for recording and integrating of the chromato-
grams. Senecionine was used as external standard for quantification. It was
assumed that all the PAs responded to the detector identically to senecio-
nine.

3.4. GLC-MS analysis

The analyses were carried out on Helwett-Packard gas chromatograph (GC
5890 1II, Helwett-Packard GmbH, Bad Homburg, Germany) equipped with
OV-1 bonded capillary column (30 m, i.d.: 250 um, film thickness: 0.25 um)
(Ohio Valley, Marietta, Ohio, USA). The capillary column was directly
coupled to a quadrupole mass spectrometer (SSQ 7000, Thermo-Finnigan,
Bremen, Germany). Samples were injected (1 ul) with split mode (split
ratio, 1:20). The injector temperature was 250 °C. Helium carrier gas flow
rate was 1.0 ml min~! with a pressure of 14 psi. The column temperature
programme was 100-300 °C, 6 °C min~! and/or 100-300 °C, 4 °C min~".
All the mass spectra were recorded with the following condition: filament
emission current, 200 uA; electron energy, 70 eV; ion source, 175°C;
mass range, 60—150; scan time, 0.5 s.

3.5. Alkaloid identification

Individual PAs were identified by comparing their RIs, molecular masses
and mass fragmentation patterns with defined reference data from our PA
database or the literature (Witte et al. 1993; El-Shazly et al. 1996, 1998, 1999;
Asres et al. 2003) and in some cases with reference compounds. RIs were
calculated using co-chromatographed standard hydrocarbons (Cg—Cpg).

Acknowledgements: One of the authors (K.A.) would like to express his
utmost gratitude to Deutscher Akademischer Austauschdienst (DAAD) for
their generous financial support. The authors would also like to thank
Mr. Melaku Wondafrash (Addis Ababa) for collection and identification of
plant material.

References

Abebe D, Debella A, Urga K (2003) Ilustrated Checklist: Medicinal
Plants and Other Useful Plants of Ethiopia, 1% ed., Camerapix Publisher
International, Singapore.

Asada Y, Shiraishi M, Takeuchi T, Osawa Y, Furuya T (1985) Pyrrolizi-
dine alkaloids from Crassocephalum crepidioides. Planta Med 51: 539—
540.

Pharmazie 69 (2007) 9

Asres K, Sporer F, Wink M (2004) Patterns of pyrrolizidine alkaloids in
12 Ethiopian Crotalaria species. Biochem Syst Ecol 32: 915-930.

Atal CK, Kapur KK, Culvenor CCJ, Smith JW (1966) A new pyrrolizidine
aminoalcohol in alkaloids from Crotalaria species. Tetrahedron Lett
537-544.

Bhacca NS, Sharma RK (1968) Mucronatinine, a new alkaloid from Crota-
laria mucronata Desv.-1. Tetrahedron 24: 6319-6326.

Cava MP, Rao KV, Weisbach JA, Raffauf RF, Douglas B (1968) The alkal-
oids of Cacalia floridana. J Org Chem 33: 3570-3573.

Cheng D, Roeder T (1986) Pyrrolizidine alkaloids from Emilia sonchifolia.
Planta Med 52: 484-486.

Coucourakis ED, Gordon-Gray CG (1970) Senecio alkaloids. Suggested
structures for isoline and bisline, two new alkaloids from Senecio othon-
niformis. J Chem Soc C 17: 2312-2315.

Crout DHG (1969) Structures of axillarine and axillaridine, novel pyrroli-
zidine alkaloids from Crotalaria axillaris. J Chem Soc C 12: 1379—
85.

Culvenor CCJ, Edgar JA, Jago MV, Outteridge A, Peterson JE, Smith LW
(1976) Hepato- and pneumotoxicity of pyrrolizidine alkaloids and deri-
vatives in relation to molecular structure. Chem Biol Interactions 12:
299-324.

Culvenor CCJ (1983) Estimated intakes of pyrrolizidine alkaloids by hu-
mans. A comparison with the dose rates causing tumours in rats. J Tox-
icol Environmental Health 11: 625-635.

Desta B (1993) Ethiopian traditional herbal drugs, Part II: antimicrobial
activity of 63 medicinal plants. J Ethnopharmacol 39: 129—139.

Dharmananda S (2001) Safety issues affecting herbs: pyrrolizidine alkal-
oids http://www. itmonline.org/arts/pas.htm

El-Shazly A, Sarg T, Ateya A, Abdel Aziz E, Witte L, Wink M (1996)
Pyrrolizidine alkaloids of Cynoglossum officinale and Cynoglossum
amabile (Family Boraginaceae). Biochem Syst Ecol 24: 415-421.

El-Shazly A, El-Domiathy M, Witte L, Wink M (1998) Pyrrolizidine alkal-
oids in members of the Boraginaceae from Sinai (Egypt). Biochem Syst
Ecol 26: 619-636.

El-Shazly A, Abdel-All M, Tei A, Wink M (1999) Pyrrolizidine alkaloids
from Echium rauwolfii and Echium horridum (Boraginaceae). Z Natur-
forsch 54c: 295-300.

Fichtl R, Adi A (1994) Honeybee Flora of Ethiopia. Margraf Verlag, Wei-
kersheim, Germany.

Frei H, Luthy J, Brauchli J, Zweifel U, Wiirgler FE, Schlatter C (1992)
Structure/activity relationships of the genotoxic potencies of sixteen pyr-
rolizidine alkaloids assayed for the induction of somatic mutation and
recombination in wing cells Drosophilia melanogaster. Chem-Biol Inter-
actions 83: 1-22.

Fu PP, Xia Q, Lin G, Chou MW (2002) Genotoxic pyrrolizidine alkaloids —
mechanisms leading to DNA adduct formation and tumorigenicity. Int J
Mol Sci 3: 948-964.

Getahun A (1998) Etsedebdabe (Ethiopian Traditional Medicine), Artistic
Printing Press, Addis Ababa, Ethiopia.

Jago MV (1970) A method for the assessment of the chronic hepatotoxi-
city of pyrrolizidine alkaloids. Aust J Exp Biol Med Sci 48: 93—-103.
Lin G, Cui YY, Hawes EM (1998) Microsomal formation of a pyrrolic
alcohol glutathione conjugate of clivorine. Drug Metab Dispos 26: 181—

184.

Lin G, Cui YY, Hawes EM (2000) Characterization of rat liver microsomal
metabolites of clivorine, an hepatotoxic otonecine-type pyrrolizidine al-
kaloid. Drug Metab Dispos 28: 1475-1483.

Liittge U, Fetene M, Liebig M, Rascher U, Beck E (2001) Ecophysiology
of niche occupation by two giant rosette plants, Lobelia gibberoa Hemsl
and Solanecio gigas (Vatke) C. Jeffry, in an afromontane forest valley.
Ann Botany 88: 267-278.

Mattocks AR (1986) Chemistry and Toxicology of Pyrrolizidine Alkaloids.
Academic Press, London.

Neuner-Jehle N, Nesvadba H, Spiteller G (1965) Application of mass spec-
trometry to the elucidation of the structure of alkaloids. VI. Pyrrolizidine
alkaloids of Laburnum. Monatsh Chem 96: 321-388.

Rashkes YaV, Abdullaev UA, Yunusov SYu (1978) Mass spectra of pyrro-
lizidine alkaloids. Chem Nat Comp 14: 121-135.

Roeder E (1995) Medicinal plants in Europe containing pyrrolizidine alkal-
oids. Pharmazie 50: 83-98.

Stelljes ME, Seiber JN (1990) Pyrrolizidine alkaloids in an overwintering
population of monarch butterflies (Danaus plexippus) in California.
J Chem Ecol 16: 1459-1470.

Tadesse M (2004) Asteraceae (Compositae). In: Hedberg I, Friis I, Ed-
wards S (eds.), Flora of Ethiopia and Eritrea, Vol. IV, Part 2, The Na-
tional Herbarium, Addis Ababa University, Addis Ababa.

Witte L, Rubiolo P, Bicchi C, Hartmann T (1993) Comparative analysis of
pyrrolizidine alkaloids from natural sources by gas chromatography-
mass spectrometry. Phytochemistry 32: 187—-196.

Yang YC, Yan J, Doerge DR, Chan PC, Fu PP, Chou MW (2001) Meta-
bolic activation of the tumorigenic pyrrolizidine alkaloid, riddelliine,
leading to DNA adduct formation in vivo. Chem Res Toxicol 14: 101—
109.

713



