Beta-Solamarine: Tumor Inhibitor
Isolated from Solanum dulcamara

Abstract. An alcoholic extract of
Solanum dulcamara L., a plant widely
used in folk medicine for treating
cancers and warts, shows tumor-inhibi-
tory activity against Sarcoma 180 in
mice. Systematic fractionation of the
extract has led to isolation and charac-
terization of B-solamarine as an active
principle.

Solanum dulcamara L. (“bittersweet”
or “woody nightshade”) has been used
to treat cancers, tumors, and warts from
the time of Galen (circa A.D. 180) (1),
and references to its use have appeared
in the literature of the United States (2),
Chile (3), Italy (4), Spain (5), France
(6), Germany (7), England (8), Den-
mark (9), Iceland (10), and China (/7).

During our search for tumor inhibi-
tors from plant sources, alcoholic ex-
tracts of dried Solanum dulcamara from
New York (two separate samples, one
of root and rhizome, and the other of
stem, leaf, flower, and fruit), from
Wisconsin (fruit, leaf, and stem), and
from Spain (stem, leaf, flower, and
fruit) each showed significant inhibi-
tory activity when tested in mice against
Sarcoma 180 (12-14). We report here
the fractionation of an active extract
and the isolation and characterization
of a tumor-inhibitory principle which is
identified as B-solamarine.

Solvent partition of the alcoholic ex-
tract (A in Fig. 1) of the dried Wis-
consin sample between water and chlo-
roform vyielded an active (Table 1)
aqueous phase (B) free of chlorophylls
and fatty materials. The aqueous phase
was made alkaline with sodium bicar-
bonate and extracted with butanol,
whereupon activity was concentrated in
the butanol layer (E). Preliminary in-
vestigation of the butanol-solubles (E)
by Craig countercurrent distribution led
to correlation of activity with a specific
spot upon thin-layer chromatography
and showed that the active material was
alkaloidal. A concentrated alkaloidal
fraction was obtained from a solution
of the butanol-soluble residue in 4 per-
cent acetic acid by reprecipitation with
ammonium hydroxide. Partition chro-
matography of the reprecipitated alka-
loids on alumina (by means of butanol
saturated with water as eluant) and
analysis of the fractions by thin-layer
chromatography revealed at least eight
components reactive to Dragendorf’s
reagent.
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Fig. 1. Flow sheet for fractionation of tumor-inhibitory extract from Solanum
dulcamara L.
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Fig. 2. Structure of g-solamarine.
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Table 1. Activity of fractions from Solanum
dulcamara against Sarcoma 180 in mice.

Change T umor
Dose Survi- an;?nal ‘:,rf lrihgt
(meg/ke) vors weight (test/
()* control)
Fraction A
266 0/4
177 1/4 —4.1 275/935
118 4/4 —1.9 346/935
Fraction B
300 3/4 —4.5 0/1015
150 4/4 —4.4 356/938
75 4/4 0.6 629/938
37.5 3/4 —1.4 826/938
Fraction C
200 3/4 —1.7 348/804
100 4/4 —0.4 543/804
50 4/4 —1.2 791/804
Fraction D
300 4/4 1.9 1571/867
150 4/4 0.1 1203/867
75 4/4 —1.0 1349/867
Fraction E
300 0/4
150 0/4
75 3/4 —3.2 180/804
Fraction F
60 0/4
30 4/4 —1.8 274/1285
15 4/4 —1.6 806/1285

# The difference, in grams, between weights of test
and control animals.

The major component of one of the
fractions was separated from the re-
mainder of the material by counter-
current distribution (upper phase, 50
percent butanol in ethyl acetate, and
lower phase, pH 4 citrate-phosphate
buffer) and further alumina chroma-
tography. The compound (F) sepa-
rated from methanol-acetone as a
microcrystalline solid which melted at
267° to 270°C (decomp.) and showed
a specific rotation ([a]p?®) of —81 deg
in pyridine solution. There was no de-
pression of the melting point on admix-
ture with authentic 8-solamarine (m.p.
256° to 259°C) [literature m.p. 275° to
277°C (softens, 270°C), [alp?® =
—85.6 deg (pyridine) (I5)] and the
infrared spectra of the respective sam-
ples (KBr pellets) could be superim-
posed. The respective samples showed
identical Ry values upon thin-layer
chromatography on silica gel with bu-
tanol, acetic acid, and water (4 : 1 : 5,
upper phase); ethanol, chloroform, and
1 percent ammonium hydroxide solution
2 :2 1, lower phase); and ethyl
acetate, pyridine, and water (3 : 1 : 3,
upper phase). Hydrolysis of our sample
with methanolic 1N hydrochloric acid
and recrystallization of the resulting
aglycone from acetone gave a product
of m.p. 236° to 238°C and [a]p?® —34
deg (methanol). The aglycone was char-
acterized as Af-tomatidenol [literature
m.p. 238° to 240°C and [a]p —37.9 deg
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(methanol) (/5)] by mixed melting
point and mixed thin-layer chromato-
graphic comparison with an authentic
sample (m.p. 237° to 239°C).
B-Solamarine - has previously been
isolated from Solanum dulcamara L.
(15) and has been assigned the steroid
alkaloid glycoside structure shown in
Fig. 2 by P. M. Boll (16). The tumor-
inhibitory activity of steroid alkaloid
glycosides does not appear to have been
reported previously.
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Sex Chromatin of Cone Cells of Human Retina

Abstract. Each retinal cone cell of the female contains a sex-chromatin body
not present in comparable material from the male. Therefore the lack of detect-
able “patch” formation in female heterozygotes for red color-blindness (as
expected from the X-inactivation hypothesis) cannot be attributed to failure of

Barr-body formation.

Most cells of the mammalian female
are functionally mosaic for the X-linked
genes. This is the result of heteropyk-
nosis of one of the two X-chromosomes
in each somatic cell of the female. The
evidence for this was originally derived
from the finding of a deeply stained
body (sex-chromatin mass) in the nu-
clei of cells of female cats; this body is
not present in males (/). Moore and
Barr (2) later suggested that the hetero-
pyknosis of the X-chromosome known
to occur in certain insects (3) might
also occur in mammalian cells, causing
the stainable nuclear mass. This sug-
gestion was shown to be essentially cor-
rect when it was demonstrated that
only one of the two X-chromosomes
was condensed at prophase and thus

was probably responsible for the sex-
chromatin mass (4). The cytologic data
were substantiated when experiments
with tritiated thymidine tracer revealed
that one of the X-chromosomes in
mammals is labeled asynchronously
with respect to the other (5).

Under certain circumstances con-
densation of an X-chromosome in cells
of the female does not occur. For ex-
ample, neither oogonia nor oocytes
show a heteropyknotic X-chromosome
(6). In somatic cells, the condensed X-
chromosome is extended during some
phase of the mitotic cycle, presumably
when replication of DNA takes place
(7). In the fertilized ovum, the female
zygote shows no condensed X until
some time after blastulation and im-
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