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Abstract

Tomatine was identified as the sole glycoalkaloid of Solanum lycopersicoides leaves.
Its quantity in field-grown plants was about 32-35"  of leaf dry matter. This finding
gives more evidence of the strong affinity of S [veopersicoides to the genus Lycopersicon.
Furthermore it suegests that this species can be o useful germplasm in tomato
breeding programs
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INTRODUCTION

Solanum lycopersicoides Dun. is a perennial shrub that grows in southern
Peru and is known under the local name “tomatillo”. It belongs to the
genus Solanum. series  Juglandifolia. 1t possesses a strong morphological
allinity to Lycopersicon species (Rick 1979) and crossing with the tomato
has been successful (Rick 1951), S. lycopersicoides is of interest to tomato
breeders because of its disease resistance (Phills et al. 1977a) and cold
tolerance (Robinson and Phills 1977, Phills et al. 1977b). However,
it is commonly known that some nightshades contain toxic concentrations
of glycoalkaloids (Zintak 1977). These glycoalkaloids, if transferred to
tomato, may be of help in insect and disease resistance, but also may
prove to be a health hazard (Rick 1951, Roddick 1974).

Much concern has already been directed to the wild tuberforming
Solanum species that are used in potato breeding (Osman et al. 1978),
but virtually nothing is known about glycoalkaloid occurrence in Solanum
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lycopersicoides. In the preliminary brief note (Oleszek et al. 1980), a much
higher foliar tomatine concentration in S. lycopersicoides than in commercial
tomato cultivars was reported. This paper provides data to support this
finding.

MATERIAL AND METHODS

EXTRACTION AND ISOLATION OF ALKALOIDS

Leaves of S. lIycopersicoides were collected from field-grown plants,
freeze-dried and finely powdered. A 300 g sample of this material was
extracted three times by maceration with 2 dm® of ethanol containing 5",
(v/v) acetic acid. The extract was condensed under reduced pressure,
and steroidal alkaloids were precipitated with NH,OH at pH 10. The
precipitate was separated from the solution by centrifugation for 10 min
at 10000 ~ g. dried and defatted with methylene chloride and then extracted
with ethanol in a Soxhlet apparatus. The volume of the ethanol extract
was reduced and alkaloids precipitated with excess ammonified water
and centrifuged. This yielded 4 g of slightly greenish. crude alkaloids
(CA). A preliminary test of their composition was made by TLC.

ACID HYDROLYSIS

One g of CA was dissolved in 60 cm® of ethanol. and 40 cm®
of 25 N HCl was added. This was heated in a steam bath for 3 h
and then the alcohol was removed in vacuo at 40 C. A greenish crystal-
line compound precipitated. It was filtered and washed with a small
volume of ethanol and ether. A small portion (5 c¢m?) of filtrate was
evaporated a few times until the HCl was completely removed, then
dissolved in 1 cm?® of 10", isopropanol and chromatographed for sugars.
The washed precipitate was redissolved in methanol and ether was added.
This furnished 260 mg of a crystalline compound with mp. 252-255°C,
MS m/e (rel int.) 415 (11), 400 (3). 387 (18), 372 (1), 358 (2), 316 (2),
287 (1), 273 (2), 180 (2), 152 (5), 138 (69), 125 (10), 114 (100), 36 (11)
which was identified as tomatine hydrochloride.

This compound was dissolved in 75", ethanol and the solution was
ammonified with ammonium hydroxide. This yielded 170 mg of crystalline
tomatidine mp. 205-206°C, MS m/e (rel int.) 415 (19), 400 (5), 387 (13),
372 (1), 358 (2), 316 (3), 287 (3), 273 (10), 255 (2), 180 (3), 161 (13),
152 (10), 138 (87). 125 (20), 114 (100), 93 (24), 79 (25).
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THIN LAYER C HROMATOGRAPHY

The CA were chromatographed together with commercial tomatine
(Sigma) on silica gel (DC-Fertigeplatten Kiselgel 60 Merck, 0.25 mm)
in 4 solvent systems: isopropanol-formic acid-water (IFW 37:3:24), chloro-
form-methanol (96: 4), n-butanol-acetic acid-water (BAW, 4: 1:5), ethanol-ethyl
acetate-diethylamine (15:5:1). Tomatidine was chromatographed with an
original sample (Sigma) in 2 solvents: ethyl acetate-n-heptane-diethylamine
(7:3:1) and n-hexane-ethyl acetate (1:1). Tomatine and tomatidine were
visualized by spraying the plates with 50, (v/v) H,SO, and heating
at 100 C. TLC of sugars was performed on cellulose (DC-Fertigeplatten
Cellulose, Merck) and developed with benzene-n-butanol-pyridine-water (1:5:
:3:3 upper layer). This was visualized by spraying with an ammonified
silver nitrate solution.

QUANTIFICATION OF TOMATINE

The foliar tomatine content was evaluated with gravimetric and colori-
metric methods. For this purpose 50 g of the youngest fully expanded
leaves were homogenized three times in a Waring blender with 100 c¢m?
of 3", acetic acid followed by centrifugation at 10000 x g. The combined
supernatants were ammonified with ammonium hydroxide to give a pH
above 10, heated to 70" C for 5 min and stored overnight. It was then
filtered on Whatman 2 paper and dried at 60°C. The dry sample was
extracted in a Soxhlet with 95", methanol for 1 h and, after removing
the solvent, the dry residue was dissolved in 20 cm?® of 96", ethanol.
20 mm?® of this solution was added to 2 cm?® of 2", chloramine-T in
concentrated sulfuric acid and tomatine was quantified colorimetrically
at 474 nm using a standard curve (unpublished data). To the remainder
of the ethanol solution, 2 cm® of 4", cholesterol in 95", ethanol were
added and the tomatine-cholesterol complex was allowed to precipitate
overnight at room temperature. The precipitates were filtered on preweighed
filter paper, washed with small portions of ethanol, dried at 60°C and
weighed. Tomatine was estimated from the cholesterol-tomatine ratio.

RESULTS AND DISCUSSION

The thin layer chromatography of crude alkaloids (CA) revealed the
appearance of a single spot in all of the systems used. The R, values
of this spot were in all cases the same as for commercial tomatine.
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The chemical and spectral analysis of hydrolysis products gave further
proof of this finding. Acid hydrolysis yielded a crystalline compound
with a melting point value of 205-206"C and glucose, galactose and
xylose as sugar chain components. These data and mass spectrograms
of the aglycone moiety are in good agreement with the results obtained
for tomatine and its hydrolysis products by Sato et al. (1952) and
Barber et al. (1968) and reviewed by Roddick (1974). Thus it was
proven that tomatine is the only foliar glycoalakloid of S. [ycopersicoides
leaves.

It was previously reported (Roddick 1974, Schreiber 1968) that
tomatine is restricted in its taxonomic distribution to the family Solanaceae
and that in the genus Solanum it is most often accompanied by other
glycoalkaloids, whereas in the genus Lycopersicon it is usually the only
steroidal alkaloid present. Thus, the occurrence of tomatine as the solc
alkaloid in Solanum lycopersicoides leaves provides further proof of the
great affinity between this species and the genus Lycopersicon

The foliar tomatine content of S. [ycopersicoides was surprisingly high.
With the gravimetric method, based on the ability of tomatine to complex
with cholesterol in vitro (Roddick 1979), the leaf tomatine content was
found to be 3.5", of dry matter. With the colorimetric method a result
of 32", was obtained. These values are much higher than the leaf
tomatine content of commercially available tomato cultivars (Roddick 1974)
They are only comparable to the glycoalkaloid content of some wild
Solanum species being used as raw  material for synthesis of steroidal
hormones (Bradley et al. 1978).

This high foliar tomatine content may make S. [ycopersicoides useful
germplasm for breeding tomatos with an increased tomatine level and
thercby resistant to different parasites. At the samce time. it is unlikely
that such new cultivars would present a hazard to human health: no
glycoalkaloid more toxic than tomatine would be introduced. and the
increased foliar concentration of tomatine would not necessarily be accompa-
nied by an increase of fruit alkaloid content. It has been shown that
tomatine is not transported from the vegetative organs to fruits, but is
accumulated in fruits entirely due to synthesis (Elthayeb and Roddick
1985). Even if the green fruit tomatine content of new cultivars is higher,
the enzyme system of tomato fruits is able to reduce the tomatine
content to zero during fruit ripening (Roddick 1974). Therefore. S. lyco-
persicoides  glyveoalkaloids do not appear to present a health hazard if
introduced into tomato breeding stocks.
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Alkaloidy sterydowe Solanum lycopersicoides

Streszczenie

Wykazano, #e tomatyna jest jedynym glikoalkaloidem wystgpujacym w lisciach Solanum
Iycopersicoides. Jej zawarto$¢ w roslinach rosnacych w warunkach polowych wynosila 3.2-3.5",
suchej masy. Wyniki te sa dodatkowym dowodem s$wiadczacym o bliskim pokrewicnstwie
S Iycopersicoides do rodzaju Lycopersicon. Ponadto sugerujg one, ze gatunek ten moze byc¢
dobrym i bezpiecznym zrodlem cech odpornosciowych w hodowli pomidora.
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