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equivalent to the activity of 12 mg. of dried 
digitalis leaf.2 

Digitalinurn verum and verodoxin have been 
identified tentatively in D. mertonensis by thin- 
layer chromatography (12). Digitalinum verum 
has been shown to have cardiotonic activity in 
cats (13). Hence, i t  could be one of the active 
glycosides. From the data obtained thus far, 
i t  also seems that the glycosides present in the 
callus tissue are more active per gram weight of 
total glycosides as compared with those present in 
the leaf. 

(6) “United States Pharmacooeia.” 17th rev.. Mack ,~ 
Pubfishing Co., Easton, Pa., 1965, pp. 189-190. 

(7) Langendorff, O., Arch. Ges. Physiol., 61, 291(1895). 
(8) Chenoweth, M. B., and Koelle, E. S., J. Lab. Clin. 

Med., 31,600(1946). 
(9) Smookler, H. H., and DeFeo, J. J., J .  Pharm. Sci., 51, 

736(1962). 
(10) Anderson, F. F., and Craver, B. N., J .  Pharmacol. 

Expt l .  Therap., 93, 135(1948). 
(11) Knudson, A,, and Dresbach M. ibid. 20 205(1922). 
(12) Medora, R. S., Ph.lS. Thesis, bniv&sit; of Khode 

Island, Kingston, R. 1;: 1965. 
(13) Lendle, L., in Handbuch der Experimentellen Phar- 

makologie,” Heffter, Heuhner, and Shuller, eds., Erganzungs- 
werk, Springer, Berlin, Germany, 1935, vol. 1, pp. 11-265. 
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Tumor Inhibitors XXII. 
Senecionine and Senecionine 

N-Oxide, the Active Principles 
of Senecio triunguluris 

Sir: 

In the course of the continuing search for tumor 
inhibitors from plant sources, an alcoholic extract 
of Senecio triangularis Hook. (Compositae)’ was 
found to have reproducible activity against the 
Walker 256 carcinosarcoma tumor (intramus- 
cular) in rats.2 The fractionation of the active 
extract and the isolation and characterization of 
the active principles, senecionine (I) and sen- 
cionine N-oxide (11), are reported here. Sene- 
cionine has been isolated from Senecio species 
and other plants of the Comfiositae and Legu- 
minosae (1, 2). While indirect evidence has 
been advanced for the occurrence of senecionine 
N-oxide in several plants (3-6), the isolation and 
characterization of the compound have not been 
reported previously. 

The systematic fractionation of the alcoholic 
1 Rhizomes, roots, stems, leaves and flowers, gathered in 

Colorado, August 1961. The authors acknowledge with 
thanks the receipt of the dried plant material from Dr. 
Robert E. Perdue Jr. U. S. Dept. of Agriculture Beltsville 
Md., in accordan’ce with the program developeh with th; 
USDA by the Cancer Chemotherapy National Service 
Center, National Cancer Institute, National Institutes of 
Health (CCNSC). 

2 Assays were performed by the Wisconsin Alumni Re- 
search Foundation and Hazleton Laboratories, Inc., undcr 
contract to  the CCNSC. The procedures were those de- 
scribed in Cancer Chemotherapy Rept., 25, l(1962). 

extract of S. triangularis is summarized in Scheme 
I; the in vivo assay data for the fractions ob- 
tained in a typical experiment are reported in 
Table I. The evaluation of assay results by 
CCNSC on a statistical basis in sequential testing 
is such that a material is considered active if i t  
causes reduction of tumor weight to 42y0 or less2 
The absence of tumor inhibitory activity from 
fractions B and C, coupled with the high yields 
of senecionine and senecionine N-oxide isolated 
from the alkaloidal mixture, support the conclu- 
sion that the latter two compounds were prin- 
cipally-if not solely-responsible for the tumor 
inhibitory activity of the alcoholic extract of S. 
triangularis. The present report appears to be 
the first recorded observation of the inhibitory 
activity of pyrrolizidine alkaloids against the 
Walker carcinosarcoma 256 tumor (intramus- 
cular), although the activity of monocrotaline 
against the adenocarcinoma 755 tumor has been 
noted earlier (7 ) .  

When the isolation procedure of Koekemoer 
and Warren (8) was used (i.e., partition of total 
extract between chloroform and 15y0 citric acid 
solution, and reduction of N-oxides in the aqueous 
layer with zinc and hydrochloric acid), the yield 
of total alkaloid was 1.65y0 of weight of dry 
plant. Hence, S. triangularis appears to be one 
of the richest sources of pyrrolizidine alkaloids 
(cf. References 1 ,2 ) .  

Characterization of senecionine (I) was effected 
by comparison of (a)  the melting points of the 
alkaloid and its picrate and nitrate derivatives 
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crystallization from ethanol 

Journal of Pharmaceutical Sciences 

Concentrated Ethanol Extract of 
1.50 Kg. of S. riangularzs 

A (260 Gm.) 

partitioned between chloroform 
and 3% citric acid 

I 

1 

chloroform extract 
I evapn. 

B (88 Gm.) 

citric acid soln. 
a ,  added Na2C03 to  pH 8 
b, extracted with chloroform 

I 

I aqueous soh. 
I 

chloroform extract 

evapn. evapn. 
lyophilization 

C (120 Gm.) 

senecionine 
D (4.5 Gin.) 

mother liquor 

evapn. 

chromatography on alumina 

senecionine scnecionine N-oxide 
(4.5 Gm.) F (2.4 Gm.) 

Flow Sheet for the Isolation of Tumor-Inhibitory Principles from S. triangularis 
Scheme I 

and (b) the specific rotation and infrared and 
NMR spectra with recorded data (9-12). In 
addition, hydrolysis with barium hydroxide 
solution afforded retronecine (111) (isolated as 
hydrochloride) and senecic acid (IV), charac- 
terized by comparing melting points and spectra 
with recorded data (9, 13). 

Senecionine N-oxide (11) was crystallized from 
chloroform-petroleum ether as a chloroform 
solvate, m.p. 141-142' dec., [a]: -22' (c 
1.32, CHC11), 

Anal.-Calcd. for C18H2SN06. 2/3 CHC1,: C, 
52.02; H, 6.00; C1, 16.45; N, 3.25. Found: 
C, 51.52; H,6.24;  C1, 17.64; N,3.55.  

The compound was characterized by reduction 
of I1 with zinc, copper sulfate, and sulfuric acid 
to I, and by oxidation of I with hydrogen per- 
oxide to I1 (14). 

The NMR spectrum of senecionine N-oxide is 
similar to that of senecionine, except that the 
signals corresponding to the protons on carbon 
atoms adjacent to the nitrogen are shifted down- 
field by 0.6 to 1.2 T units. Thus, the signal for 
the C-8 proton, which appears as a multiplet 

5.73, 5.81, 6.04 p . 3  

centered at 5.68 T in the spectrum of senecioniric 
(15), is shifted to 4.50 7 in the spectrum of the 

CH3 

CH,-C-c - OH I /CH3 

H \ /  1 '  
I I CH3,c=c H c=o H,O~,CHCI,,C,H,OH 

O=C 0 Zn,H,SO,,CuSO, \ / 

H-- oacHz 
I 

o=c 0 
\ / .-'" O H  

I 

3 Senecionine N-oxide is very hygroscopic; the crystals 
were filtered in a "dry box" and dried under reduced pressure 
at 60°. 

6 
II 
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TABLE I-ACTIVITY OF FRACTIONS OF S. triangularis IN WALKER CARCINOSARCOMA 256 (INTRAMUSCULAR ) 

Dose, 
Fraction mg./Kg. 

180 
90 

C 500 
250 
125 

D 30 
25 
20 
15 
10 
5 

E 80 ~~ 

40 
20 
50 
40 
30 

Animal Wt. 
Change Die., 

Survivors Gm. (T-C) 
-11 
-6 
-5 
+4 
-5 

0 
+2 
-2 
-2 
- 10 
-3 
-7 
+6 
-7 
-3 

4/4 
4/4 
4/4 
4/4 
414 
4/4 
4/4 
414 
4/4 

4/4 
4/4 
4/4 
4/4 
4/4 

214 

... 0 /4 
4 j4  
4 /4 
3/4 

% 

- 10 
0 

-4 
-4 
-2 

Tumor Wt., Gm. 
(Test/Control) 

1.5/6.6 
3.0/6.6 
3.9/6.6 
6.7/6.6 
7.6/6.6 
6.716.6 
5.216.6 
6,316.6 
7.1/6.6 
1.8/4.4 
1.3/7.8 
1.7/7.8 

5.8/6.6 
4.4/6.6 

4.5/7.8 

.. 
2.7/5.7 
3.0/5.7 
1.8/7.0 

3.517.0 
1.9/9.0 

T/C X 100 
22 
45 
59 

101 
115 
101 
78 
95 

107 

16 
21 
57 
87 
77 

47 
52 
25 
21 
50 

. . .  

... 

20 4 j4 -4 5.7 j7.8 73 
10 414 -2 6.817.8 87 

IV 

N-oxide. The signals for the C-3 protons [multi- 
plets at  6.14 and 6.53 T for senecionine (15)] 
appear as a strong @-proton) multiplet a t  5.45 T 

in the spectrum of the N-oxide. The shifts for 
protons on carbons adjacent to the nitrogen in the 
N-oxide are noteworthy, and may be valuable in 
structural studies of amines and their corre- 
sponding N-oxides. 

It is noteworthy that various species of Senecio 
have been used in the treatment of cancer in 
many countries (1G-19).4 Indeed, Senecio vul- 
garis, known to contain senecionine (2), has been 
used since the 4th century A.D. for “tumors of 
the feet and sinews” (lS), and since the 10th 
century for cancer (19). Furthermore, several 
other genera known to contain pyrrolizidine 
alkaloids [e.g., Petasites, Cynoglossum, Echium, 
Heliotropium, Tournefortia, and Cytisus ( 2 )  ] 
have also been described in folklore as plant 
remedies for cancer (16). 

(1) Leonard N. J., in Manske R H. F. “The Alka- 
loids,” Academik Press Inc. New Y&k ‘N. Y. bol. VI 1960. 
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