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Abstract—The literature relating to chemical, biochemical and biological aspects of the steroidal glycoalkaloid,
a-tomatine, 1s reviewed The alkaloid, which can be used as a starting compound for the synthesis of steroidal
hormones, 1s toxic to a wide range of living organisms The significance of tomatine to plants which elaborate
1t 1s discussed and some possible uses of the compound are mentioned

INTRODUCTION

IT HAS been recogmzed for a number of years that the susceptibility of tomato plants to
wilt caused by the fungus Fusarium oxysporum f lycopersict varies with the variety One
possible reason 1s that different varieties produce different amounts of a compound(s)
which 1s able to inhibit the growth of the fungus Experiments conducted by Fisher! and
later by Gottlieb? to test this hypothesis revealed that expressed juice from tomato plants
did, 1n fact, inhibit the i vitro growth of F oxysporum f lycopersici and further, that the
degree of inhibition was proportional to the wilt resistance of the varieties tested Using
a wilt resistant variety of tomato, Irving et al® confirmed this fungistatic property of
expressed juice, established that the inhibition was of a chemical nature and proposed that
the active principle be called “lycopersicin™ A year later (1946), however, the same authors
suggested* renaming the active principle “tomatin” since “lycopersicin” had already been
used® as a synonym of lycopene Leaves of Lycopersicon pimpinellifohum were found to
be a rich source of tomatin,® and from this material Fontaine et al (1948)” first 1solated
and crystallized the fungistatic agent The punfied inhibitor was called “tomatine” to dis-
tinguish 1t from crude or partially-purified “tomatin”

STRUCTURE AND CHEMISTRY

The first chemucal studies of tomatine were conducted by Fontaine et al 7 who suggested
the compound to be a “glycosidal alkaloid” consisting of an aglycone moiety, tomatidine,
and a tetrasaccharide moiety
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Empirical formulae for tomatine and tomatidine have been calculated as CsoHgsNO,,
and C,,H,sNO, respectively ¥ ° IR spectroscopy and other studies have indicated that
tomatidine 1s a steroidal secondary amine with a 38-hydroxyl group® *? and lacking dou-
ble bonds ' The sterord nature of the aglycone has been confirmed by degradation to 3f-
acetoxy-5x-pregn-16-en-20-onc® ' 13 and by partial synthesis from the steroidal sapo-
gemn neotigogemn '* The absolute configuration of tomatidine has been elucidated with
the ard of techmiques such as NMR spectroscopy.!” !¢ X-ray diffraction ! ** MS.'® ORD
and circular dichroism 2 22 Tomatidine (3) ([258]-57-22fN-spirosolan-3f-ol) 1s a deriva-
tive of the C,5 steroidal hydrocarbon cholestane (1) and possesses a heterocyclic basic
1ing system characteristic of the spuosolanes (2)
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The tetrasaccharide morety (f-lycotetraose) consists of two molecules of glucose and one
each of galactose and xylose ?* ?° The four monosaccharides form a branched struc-
ture'® 23 *® which 1s attached at the C-3 position of the aglycone ** f-Lycotetraose (4) has
been accurately characterized as O-f-pD-glucopyranosyl-(1 — 2 glu)-O-f-D-xylopytanosyl-
(1 — 3 glu)-O-p-p-glucopyranosyl-(1 — 4 gal)-f-D-galactopyranose

Partial hydrolysis of tomatine yields forms with modified sugar moretie< 2% It has heen
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proposed?® that the form whose sugar moiety 1s the tetrasaccharide be called a-tomatine
and that those forms lacking xylose, lacking one glucose, and lacking xylose and one glu-
cose be called f3,-, B,- and y-tomatine respectively According to this nomenclature, §;-
tomatine has been 1solated from certain varieties and mutants of Lycopersicon esculen-
tum®”*® and L pimpinellifolium?®” (see Table 2) However, Schreiber?? 1s of the opmion
that such glycosides are probably either products of enzyme hydrolysis during extraction,
or natural mtermediates 1n the biosynthesis and/or degradation of z-tomatine Some
physical constants of a-tomatine and 1ts hydrolysis products are shown n Table 1

TABLE | PHYSICAL CONSTANTS OF x-TOMATINE AND ITS HYDROL YSIS PRODUCTS

Spectroscopic

Compound Formula Mp (®) [a]p (solvent) data Ref
s-Tomatine  CsoHg;NO,, 260-265 (dec)  —29 5° (pyridine) 185
fi-Tomatine C,sH;sNO,; H,O Amorphous —25°, —28° (pynidimne) 26
265-270(dec) —235° (pynidine) 28
Tomatidme C,,H,;NO, 210 + 65°(CHCly) 186
209-210 + 56°(CH,OH) 187
205-207 + 5° (CH;OH) 144
205-206 + 76° (CHClLy) 30
203-208 + 8° (CHCI;y) IR 188
+25° (pyrdine) 189
IR 8,190
ORD 191
NMR 15
MS 192,193
PK, 194

Tomatidine has been partially synthesized from neotigogenin (5)*¢ and totally synthe-
sized from simple total synthetically available pregnane derivatives The latter was
achieved by chemical transformations of the acetyl derivative of allopregnenolone (6),2°-3°
by cyclhization of the N-chloro derivative of 22,26-epimino-5a-cholestane-38,168-diol !
and by cyclization of the N-nitroso derivative of the latter, after irradiation with UV
llght 32,33

AcO

Ty

(6) (7) (8)
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Degradation of tomatidine to 3f-acetoxy-5y-pregn-16-en-20-one (6) was first reported
by Sato ¢f al® ' Since then other workers!* 3* #! have carried out this degradation m
some cases using shghtly diffcrent methods The 20-oxo-pregnane has also been synthe-
sized by direct degradation of N-nitrosododecaacetvltomatine *~ Reduction of tomatidine
to dihydrotomatidine A and B (7 and 8)** and UV n1tadiation of the .V-chloro derivatives
of these compounds yields 20-chloro-5y-pregnane-34.16-diol (9).** +*

Neotigogemn and the lactone of tigogenin (10) have been synthesized from A -nitrosoto-
matidine®’ and O V-diacetyltomatidine! * 1espectively Conversion of tomatidine and cer-
tain dertvatives (¢ g dihydrotomatidine A) to the sterordal alkalotd demissidine (11) has

also been reported 2o+
t@lee

o
i

(9) (10) (1)

Little work has been done on the microbial transformation of tomatine and 1ts deriva-
tives Dehydrogenation of tomatidine by Nocar dia 1estiictus gave a 60°, yield of 1 4-toma-
tidime-3-one*® and 1eduction of the aglycone by Helicostylum puiforme yielded mainly
72 11y-dihydroaytomatidine (25-30° ) together with smaller amounts of 7r-hydrox ytoma-
tidine and 97-hydroxytomatidine *°

The chemustry of sterordal alkaloids of the Solanum group, including tomatine and 1ts
dernvatives has been compichensively reviewed by Schrerber 2*

SEPARANITON AND ASSAY

In cthanol solutions, tomatine forms an mnsoluble | 1 molecular complex with 38-hyd-
1oxy steroids such as cholesterol ™ The complex s stable but can be dissociated by treat-
ment with strong aad™ or dimethylsulphoside *' This method has been widely adopted
for the 1solation of tomatme from crude plant extracts and can also be used to separate
tomatine from tts hydrolysis products since the latter are not precpitated by cholesterol
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In a few earlier studies tomatine was separated by PC>2-34 but more recently, TLC has
proved the more successful, and hence more widely used technique A number of
workers®>—? have published articles relating to the use of this method for separation of
steroidal alkaloids and sapogenms Of the compounds used for locating tomatine on TLC
plates, 10dine (vapour} is one of the more useful since 1t does not destroy the alkaloid and
1s readily evaporated ®*® However, 1t has the disadvantages of being neither very specific
nor sensitive Compounds which are more sensttive but do not allow recovery of the intact
alkaloid are modified DragendorfP’s reagent®! and 50°% H,SO, °* After spraying plates
with the latter and heating, tomatine and tomatidine show characteristic colour
changes 623 Separation of tomatidine has also been achieved by column chromatogra-
phy,** GLC®*°7 and electrodialysis ®®

The methods first used for quantitative estimation of tomatine were bioassays based on
the degree of growth inhibition of certain fungi (e g F oxysporum { lvcopersict) m culture ’
Gravimetric methods have also been employed,®® but, of the assays currently used, a large
proportion mmvolve spectrophotometry of a chromogen of tomatine (the alkaloid 1tself hav-
g no notable visible/UV absorption spectrum) Coloured products are formed by treat-
ing tomatine with strong or conc H,S0,.”% 7 a lactic acetic solution of silicotungstic
acid,”® anthrone reagent’* 7> or a molybdophosphoric acid reagent’® (tomatine does not
produce a coloured product with the Liebermann-Burchard reagent””) Tomatine can also
be quantified by titration—of the alkaloid in non-aqueous medium,”® and of the sugars
released on acid hydrolysis 7°

OCCURRENCE IN THE PLANT KINGDOM
Tomatine appears to be restricted 1n 1ts taxonomuc distribution to the fammly Solanaceae
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and, in particular, to the genera Solanum and Lycopeisicon The occurrence of tomatine
and 1ts natural derivatives within these genera s shown m Table 2 The parts of the plant
from which the alkaloids have been extracted although not specified are 1n the majority
of cases, epigeal Itisinteresting thatn the genus Solanum tomatine 1s mostly accompanied
by other steroidal glycoalkaloids, whereas in the genus Lycopersicon tomatine, and,;or one
of 1ts dertvatives 1s usually the only steroidal alkaloid present

TABLE 2 OCCURRINCE OF /=TOMATINE IN SOLANACTOUS PTANITS

Speeies Rematks Ret
Gonus Solanum
St Bi 195
S ccanle Bitt v caudoscans Bt > 195 196
S boerhaarn Thedl * 197 of 198
S demissum Lindl * 1%6
S denussum tlavpehualcocnse * Noteited m Indoy Kewensiy %6
S demnssum utile
=S demissum Lindt var klotzschu Bitt )¢ 186
S deponum Jue* 195
S dulcamara L* 199 200
S hicscrirhir C A Mey * 201
S polvademum Greenm * Also contuns polviminet 02 1Es
S punac Juz * 195
S rantomcin Carr 197
S sefnciteri Buk* 19
S smplicifolium Bt * 197
S stolomfcrum Schlecht ot Bouche* 197
Genus facorer con
I cheosmanni Riay 203
1 <hilcnve Dun 10
1 oserdonnm MUl v caasiforme (Dun y Alcf &7
(= L esculontum baccas lutco) 13 2038
{=1 csctdentym ssp galonty 203
(=71 humboldtit Dun ) 87 204
I esculenmom Mill v esculentiom Mill Also contams i tomatine 2789 X7
13% 20~ 208
(=1 osewdantum Ml var succentuniatum Pasq ) 96
(=1 osculanrum Ml var culgar e Alef) 96
L osculentum Mill var pyaforme (Dun ) Alef 87 96
=1 csadorium Mill v pruniforme Voss) 13 87 96
144 208 209
L oscudentum Ml var grandifolium Bailey 96
L osculontuin Mill var cahdum Bailey 96
L esculenum Ml mut * Also cont s ff; tomating 2”
L csadentum VMOl mut oxifis Contuns fi; tomatine onl 27 2%
L osadengum Mill mut prunordea Contuns fi; tomitine only PR
[ ylandulosum Ml 0 2o
! husiom Humb ot Bonpl N7 Y6
fes 144
L mexicamm Notcited in Indey Kewensiy IR
L pauvanum (D ) Mall [+ 96 20
{—L porucianum chutatunm) 144
( =1 peruwganum putatun) 144
I paytianum (L) Mill var dentatum Dun 103
1 pantiamum (L) MUl var hunafusem Mill 103 203
I porwcanum (L) Mill var typrciem Mall 103
I pumpiedhfolium {Tusl } Mudi ¥ Also contans ff; tomatine 7 27 &7 96
138 144 205
(=1 pimmacihfolium fructo lutco) &
I pumpncitifolium (Tusl ) ML var pibcsiodes 1A Voss) Tehm 87
I prpiactbfolnom (Tusly M mut * Also contuns fi; tomatine 27

* Other steroidal glycoalkaloids and;or their aglycones have been 1solated in addion to tomatne and, o1 1ts
dertvatives
t Conuists of tomatidine + 2 xylose + glucose
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DISTRIBUTION IN THE PLANT

Tomatine has not been detected 1n dormant seeds but 1s probably one of the basic
saponins which first appear 1n the radicle during the early stages of germmation #° Toma-
tine appears in all other organs as they develop,?! although the amount of alkaloid varies
with the organ For example, Tukalo’ found 086-199%, tomatine 1 leaves of tomato
plants, 03-0 6% 1 stems and roots and 093-2 2%, in fully expanded flowers However,
there 1s also considerable vanation in the reported tomatine content of particular organs,
some other values for leaves being 046%, %% 022-51%3% and 1 15-214%,%* for stems,
008%,%% and for roots, 0 16%, 8 Much of this variation appears to be attributable to such
factors as the variety of plant used, the stage of development of the plant,®*-** time of sea-
son®” and seasonal conditions 3®

The shoot 1s recognized as being the main site of tomatine synthests and accumulation,
the former taking place principally in menstematic regions 8! Synthesis 1n the shoot
appears to be mndependent of any direct root influence since the tomatine content of
tomato shoots and 1ts seasonal variation were not affected by grafting on to stocks of Nico-
tiana, Datura, Petunia or Nicandra ' Tomatine has been 1solated from callus tissue (de-
rived from the hypocotyl of tomato seedlings) which had been mantained in culture for
at least two years, but levels were very low (ca 0001%) 72 The alkaloid could not be
detected 1n root callus tissue of a similar age Tomatine has also been extracted from
crown-gall diseased stem tissues of tomato 8%°°

That de novo synthesis of tomatine takes place in the root has been established by studies
with cultured excised roots of L pimpmnellifohum®* and L esculentum’*®" although, 1n the
latter species, alkaloid levels per umt of dry weight were lower than n seedling roots of
the same age 7 Further studies®? suggested that this was not due to a lack of the steroid
precursors, acetate, MVA or cholesterol, in the cultured root system There are some indi-
cations that the main sites of tomatine biosynthesis in the root may also be the actively
growing regions °? 197

Flowers of tomato are rich in tomatine®? as are also, after pollination, the ovaries con-
tamning up to 1 5% alkaloid compared with ca 0 15% in the rest of the plant ** Young deve-
loping fruits accumulate large amounts of tomatine, but as ripening begins alkaloid degra-
dation occurs and concentrations decline 8! Tomatine levels of 0087, 0045 and 00369,
have been recorded 1n green, yellowish and red (ripe) tomato fruits respectively, and when
ripe fruits were left on the plant for a further 2-3 days, tomatine almost completely disap-

80 SANDER, H, Hauser, H and HanseL, R (1961) Planta Med 9, 8

81 SANDER, H (1956) Planta 47, 374

82 Grigy J R AG (1958) Swiss Pat 328 077
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84 Tomova, M (1967) Farmatsiya (Sofia) 17, 24

85 SicHo, V (1956) Prumysl Potravin 7, 223

8¢ TykaLo, E A (1958) Sb Nauchn Tr Dnepropetr Med Inst 6,377

87 PINAR, M (1956) Anales Real Soc Espan Frs Quint (Madrid) 52B, 513

88 SIEwINSKI A MEJER, S and Kocor, M (1957) Przemysl Chem 13, 543

89 Kovacs, B A, WAKKARY, J A, GOODFRIEND, L and Rosg, B (1964) Science 144, 295

90 CaLaM, D H and CaLrow, R K (1964) Br J Pharmacol 22, 486

91 BRUSKE, H (1966) Abharrdl Deut Akad Wiss, Berlin, KI Chem Geol Biol 3, 105

92 Roppick, J G and BUTCHER, D N (1972) Phytochemistry 11, 2991

93 TukaLo, E A (1956) Sb Nauchn Rabot Dnepropetr Med Inst 1, 347

94 HEFTMANN, E (1965)m Plant Biochemstry (BONNER, J and VARNER, J E eds), p 693, Academic Press, New
York
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peated *° However other workers®® have reported that although there was a decline m
tomatme level during the transition from the green to the pink stage, this was followed
by a shight mcrease as the fruits nipened fully From studies of tomatine disappearance
from ripening fruits of a number of Lycopersicon species which show different degrees of
redness, Sander®” suggested that the 1soprenoid nucleus of the degraded aglycone nught
be utilized in lycopene synthesis The inconsistency between reports that 11pe tomato fruits
are tomatine-free.’* °® and that small amounts of tomatine are present”® '°! may there-
fore be a result of differences in the degree of ripeness and/or redness at the ime of harvest
In fact, one author'®! has claimed that the tomatine content of fruits at the stage of can-
ning ripeness 1s often much higher than stated in the Iiteratuse

Plants from which truits have been removed accumulate latger amounts (up to 117%)
of tomatine than fruit-bearing plants, apparently due to the loss of organs of alkaloid
breakdown,®! 192 In keeping with this finding. tomatine levels m long-dav vegetative
plants of Licopei sicon glandulosum were found to be almost 5 times higher than n short-
day, fruit-bearing plants '°* However, in Lycopersicon i sutum and L chilense both of
which exhibit less strong short-day characters, there was no significant difference n the
tomatme content of short-day and long-day plants '3

Neither the location nor the site of synthesis of tomatine within the cell are yet known
and little information exists relating to transport of the alkaloid in the plant The presence
of tomatine i sap exuded from decapitated plants suggests that some transport from root
to shoot may occur'®* but the alkaloid has not been detected 1n excised root culture
medium 72 81 91

BIOSYNTHFSIS AND BIODEGRADATION

The biosynthesis of tomatidine 1s still not fully understood, while the processes which
lead to 1ts glycosidation are completely unknown The first studies of tomatidine bio-
genesis using radioactive precursors were made by Sander and Grisebach'“® who obtained
labelled alkaloid from seedlings of L pimpmnellifolium grown 1n the presence of acetate-[ 1-
(7] Solasodine (12) a steroidal alkaloid structurally similar to tomatidine has been 1so-
lated radioisotopically labelled, from plants of Solanum laciniatum (“Solanum aviculare™)
to which had been presented acetate-[1-'*(C], acetate-[2-'*C] or mevalonate-[2-'4C] '%°
Degradation of this labelled solasodine revealed a distiibution of the label which was con-
sistent with the alkaloid having been synthesized via cyclization of squalene Labelled
tomatine has also been 1solated from cultured excised tomato roots grown in hqud
medium containing acetate-[2-'*C7 or MVA-[2-'*C]-lactone '°” It 1s now generally
accepted that steroid brosynthesis in plants follows a course simular to that in animals, viz

77 KAIDI ROWICZ-JAROSINSKA, D (1965) Acta 4gr Siltestria, Ser Roln 5,3

%® PROKOSHEY, S M, PETROCHENKO E 1 and Baranova V 7 (1952) Dokl 4kad Nauk SSSR 83, 261
°7 SanbLR H (1958) Naturwissenschaften 45, 59

°! DaiaNt R M Kouyoumiian € and HARRISON, M (1967) Lebanese Phairm J 9, 110

°% KAJDFROWIC 7-JAROSINSKA D (1965) Advan Fiontiers Plant Sct 10, 57
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from acetyl-CoA, via MVA, farnesyl pyrophosphate and squalene The stages following
cychization are not completely understood but the widespread distribution n the plant
kingdom of the tetracyclic triterpene. cycloartenol (13,198 119 and the general absence
of lanosterol, suggest that the former may be the first product of cychzation in higher
plants At least consistent with this hypothesis 1s the finding by Ripperger et al '!! that
cycloartenol-[26,27-1#C] 1s incorporated into tomatidine, with the label being localized 1n
ring F of the alkaloid The biosynthetic pathway from cycloartenol 1s thought to proceed
via lophenol (14)*3 to cholesterol (15) (or a closely related phytosterol), involvement of
cholesterol being suggested by reports that both cholesterol-[4-'*C]%* 12 and choles-
tanone-[4-1*C]*!'? are mcorporated mto tomatidine
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Plants which elaborate steroidal alkaloids usually contain steroidal sapogenins with the
same configuration at C-25 *2 The structural similarities between these compounds render
1t probable that their biosynthetic pathways and metabolism are closely related and,
fact, as alkaloid levels decline 1n ripening fruits sapogenin levels often mcrease !!+11° The
steroidal sapogenns present in L esculentum are neotigogenin (5)''© and tigogenin (10),'*7
the latter being the sapogenin analogue of tomatidine ''® Tschesche''® has suggested that
both steroidal alkaloids and sapogenins are synthesized via the common intermediates 16
and 17, the latter (16-dihydrokryptogenin) being known to cyclize easily to the corres-
ponding spirostane (18) ' 2° Alkaloid biosynthesis 1s thought to be achieved by transamina-
tion* of 17 to the cyclic azomethine (19) which subsequently undet goes stereospecific cycli-

* Since the known steroidal alkaloids are derived from nitrogen-free compounds mnto which nitrogen 1s mncor-
porated at some later stage (and not from amno acids) Hegnauer?!! has proposed that such compounds be
regarded as pseudoalkaloids or ‘alcaloida imperfecta’ He further makes the pont that in the strict sense, they
would be more accurately termed “bastc or nitrogenous steroids” (although these names give no indication of
their biological activity) Nevertheless the term steroidal alkaloid™ appears to be more widely used by both
chemists and biologists than these alternatives
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zation to yield the spirosolane (2) 2 The origin of the nitrogen, however still awaits eluci-
dation ,

That tomatine disappearance during fruit ripening 1s due to actual degradation of the
alkaloid has been cstablished by following the fate of authentic tomatine injected nto 1so-
lated fruits ®!' It has been proposed '?! that degradation begins at the aglycone with sepa-
ratton of the mitrogen-contaming group preceding hydrolytic changes in the cartbohydiate
motety and also'?? that \-acylated detrvatives may be catly mtermediates in tomatine
breakdown Other compounds tsolated fiom L pimpmellfoluon and thought to be possble
degradation products of tomatine are prmpinellidine (which may be 23 _-hyvdiosytomati-
dime [20]) and 3p-hydiovi-3z-pregn-16-en-20-one (the deacetv] dervative of 617
Further evidence that the latter compound 15 a4 product of tomatine degradation comes
from a recent repot t’ 2 ? that labelled alloptegnenolone was isolated from tipe tomato fruits
mnto which tomatine-[4-'*C] had ecatlict been njected  Since tomatidime can be
degraded n tino to vield allopregnenolone the above tindigs raise the possibility that
in tivo degradation may occur in a stmilar mannet Differences have been tecorded in the
biological activity and IR spectium of authentic tomatine and tomatine trom ripe tomato
fruits ' 24 As well as having a lower haemolytic index. the latter gave a spectium indicative
of changes 1n the carbohydrate moiety The enzyme(s) responsible for bieakdown of toma-
tine 1n ripening fruits has (have) not been 1solated but 4 tomatine-hydrolysing enzyme has
been detected m tomato leaves '*> This enzyme called tomatinase was found to exhibit
a cettan degiee of substrate spectficity and would not hydrolyse the sterordal glycoalka-
loids solanine (21) or demussine (the fi-lycotetraoside of 11)
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BIOLOGICAL ACTIVITY
Micioorganisms

Research nto the biological activity of tomatine was mitiated by the finding that a crude
extiact of tomatine hibited 1 1ino growth of I oxvsporum £ heopersic ® These same
authors later showed* that impure tomatine also inhibited the growth of 4 number of bac-
terta and plant- and animal-pathogenic fungi, but not of Lschericlna coli or Pemcilhum
notatum However Fontame et ol © found that low concentrations of patually-putified
tomatine did inhibit I coli and P notarum while mexphcably higher concentrations did
not The partially-purnified alkaloid also proved highly effective i o agamnst certam
human dermatophytic fungt and various other fungi and yeast-like foims which cause in-
terndl disease in humans shghtly effective against gram-positive and gram-negative bac-
teria certain fungt and plant-pathogenic 4ctionces, but without effect on human-patho-
gemc Acmonnces and fung causing chromoblastomycoses Partially-punified tomatine

U Sanpir H oand ANGERMANN B (1961) Tagungshar Dewt thad 1 andwu tschaftswiss Barhn (27) 163
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was also reported to possess greater anti-bacterial activity than the purified alkaloid, with
solutions of the latter up to 1 mg cm™3 having almost no effect on E coli 7 On the other
hand, Candida albicans was found to be susceptible to pure tomatine but not to the impure
form,!2¢ the lack of effect of the latter apparently being due to antagonism by rutin and
quercitin which were also present in the extract More recent investigations of the effect
of tomatine on E coli indicated that the alkaloid 1s also capable of inhibiting oxygen meta-
bolism in this organism 27 Inhibition was greater with lactic acid as a carbon source than
with glucose, suggesting that the alkaloid might be inhibiting malic dehydrogenase Tru-
haut et al 1?8 found gram-positive bacteria to be more sensitive to tomatine than gram-
negative bacteria and Sackmann et al 12° have reported the successful use of tomatine for
1solation of Brucella spp and pleuropneumonia-hke organisms Tomatime completely inhi-
bits the growth of oxytrichids (protozoans) at a concentration of 45 mg®,,, with lower con-
centrations giving corresponding reductions in growth '3° A number of workers!?!7133
have drawn atiention to the particular sensitivity of Tiichophvton mentagiophyvtes (a derma-
tomycete) to tomatine and, in fact, the alkaloid 1s generally more effective against certan
fung: assoctated with human disease (and particularly the Dermatomycetes) than against
F oxysporumf lycopersici

However, compared with other antibiotics (e g penicillin and streptomycin), 1n vitro 1n-
hibition by tomatine tends to be weak and non-specific and to vary according to the strain
of microorgamism used and the nature, both physical and chemical, of the culture
media 12%134-137 Furthermore, the efficacy of tomatine i vivo appears to be even more
limited Although capable of inhibiting in vitro growth of the amimal-pathogenic fungi,
Blastomyees dermatitidis and Histoplasma capsulatum, 1t 1s meffective n the treatment
of diseases caused by these organisms (viz systematic blastomycosis and systemic histoplas-
mosis) 38 It 1s also reported to be meflective against Endamoeba histolytica 1n guinea pigs
and common food-spoilage microorganisms !38

Plants

Little work has been done on the effect of tomatine on plants Vendrig' °” claimed that
tomatine shows auxin-like activity in the Avena coleoptile test but this has been disputed
by Roddick!*® who was unable to find evidence of tomatine-enhanced elongation in
several standard auxm bioassays, the only effect on elongation being an inhibitory one
at higher concentrations of the alkaloid (ca 1072 M) Of interest however, 1s the finding
that 10~ * M tomatine alone had no effect on elongation of Avena coleoptile segments but
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caused marked mhibition of IAA-enhanced elongation The effect of tomatine on the
growth of cucumber scedlings has been mnvestugated by Rezk and Ferenczy '*' Germina-
tion was not greatly affected but at higher alkaloid concentrations (107" and 10™* M)
root grow th was strongly inhibited and characteristic deformations of the 100t were appat-
ent Inhibiton was shghtly moie pronounced at pH 7 than at pH 5 Scedlings grown n
the presence of tomatine also showed 1educed hypocotyl elongation but this was thought
to be an mdirect effect of the alkaloid due to impaired root development

Insects

Infiltration of foliage leaves with tomatine has been used by a number of workers to
mvestigate the effect of the alkalowd on feeding habits and moitality rates of msect preda-
tors and therr larvae Infiltration of tomatine mto leaves of the potato plant (Solanwn
tuberosum) at a concentration of 2 mM kg ! leaf was sufficient to cause a 50°, reduction
11 the lamina devoured by latvae of the Colorado beetle (Leprinotat sa decentlineara) while
3 mM kg ! leaf resulted m 100V, larval mortality '** Wild type’ potato bectles were
repelled by 002 087, tomatine i potato leaves although the repellent action was mote
marked agamst DDT-1esistant beetles '** Kuhn er al '** also reported that potato leaves
contaming 0 5%, tomatine were not devoured by potato beetle larvac However, tomating
appears to exert no repelling action agamst two other potato bectles viz- Epilachna spar sa
and £ mponica '™ Imbibiion by nvmphs of the potato leathoppet (Lmpodasca fabae) can
be completely 1estricted by 10 7= M tomatine with mcreasing concentiations of the alka-
lord causing an increase in nymphal mortality but tomatidine has no effect on erther imbu-
bition o1 mortahty '** Tomatine has also been shown to interfere with the growth and
development of nymphs of the two-striped grasshopper (M clanoplus bruittatus)'*™ and lar-
vae of the mosquito ( Aedes aegyptr) 7 In spite of the repellent action and toxicity of toma-
tine solutions to a variety of mnscct species tomatine dust has proved generally meffective
as an msectiade m the field 1#

Mammals

In preliminary toxicity tests, guinea pigs survived parenteral administration of up to 10
mg of partially-purified tomatine although in most cases such adnunistrations ehcited un-
desitable pathological or physiological responses in the test amimals © Studies with mice
revealed the LDy, values for intrapetitoneal, oral and subcutancous administration to be
25 500 and 1000 mg kg ' body weight respectively 2

A compichensive study of the phatmacological and toxicological proper ties of tomatine
has been made by Wilson ¢ al ' Diets containing up to 04, tomatine fed to 1ats daily
for 200 davs caused no abnormalities, but a single oral dose of 1 g kg ™' body weight
resulted i death within 24 hi Doses of 250 mg kg™ ' body weight given daily for § days
did not produce any abnormalities Subcutancous mjection of tomatine (up to 40 mg kg ™!
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body weight) resulted in the formation of abscesses whose sizes were approximately pro-
portional to the amount of tomatine mjected Larger abscesses tended to ulcerate

The LD, 1n mice, to which tomatine was administered mtravenously, was 18 mg kg ™!
body weight, with lethal doses causing death within 0 5-2 mun The most common res-
ponses to intravenous tomatine were a large decrease 1n blood pressure and fluctuations
in respiratory rate Where the dose of tomatine was lethal, death was thought to be due
to this drop 1n blood pressure, but with sub-lethal doses, the initial drop was followed by
an equally rapid recovery Repeated intravenous admimistrations of tomatine occa-
sionally caused haemolysis and the subsequent appearance of haemoglobin 1n urine and
lung exudate The haemolytic properties of the alkaloid have been confirmed by mn witro
studies with whole blood

Application of a 5% tomatine ointment to the eye of rabbits caused conjunctivitis, but
this disappeared a few days after discontinuing the treatment Apphcation of the same
owmtment to the skin did not cause irritation

When tomatine ts fed to rats as 19 of their diet, there 1s a subsequent decrease 1n the
uptake of dietary cholesterol by the liver and an increase in the rate of hepatic and intes-
tinal cholesterol synthesis !3° The rate of sterol excretion also decreases, but secretion of
bile acids 1s unaffected

Human serum cholinesterase 1s inhibited by tomatine, and horse serum cholines-
terase, but not erythrocyte chohnesterase, by tomatine and tomatidine *32 It has been sug-
gested'*3 that both the steroid nucleus and the amine function are required for inhibition
(the latter possibly constituting the binding site with the enzyme) and also that the 3-hyd-
roxyl group may play an important role Nevertheless, Wilson et al ! *° do not believe that
the cholinesterase-inhibiting action of tomatine accounts for 1ts observed pharmacological
activity Tomatine 1s also reported to show cytostatic activity in the Miyamura test }3!

Following the discovery that extracts of crown-gall-infected tomato plants exhibited
anti-histanmunic properties i vitro,° 1t was shown®-°° that guinea pigs could be protected
from the lethal effects of a histamine aerosol by intraperitoneal injection of such extracts
Analyses of the extracts suggested the active principle to be tomatine,®-°° and oral, subcu-
taneous and mtramuscular administration of tomatine 1solated from crown-gall-infected
tomato plants proved to be effective in reducing inflammation induced by a variety of
methods ' ** However, more recently, a compound named gomatine has been detected n
extracts of crown-gall-infected tomato plants!®> and found to be a more potent antihista-
mine than tomatine !¢ The latter authors have postulated that gomatine, and not toma-
tine, 1s mainly responsible for the antihistaminic properties of extracts of crown-gall-in-
fected plants However, 1t 1s questionable whether the use of crown-gall-infected plants 1s
significant 1n relation to these findings

Tomatine also appears to be toxic to larger domesticated mammals Forsyth!>” mnfers
that the acute 1llness and death he observed m pigs which had eaten green parts of tomato
plants was a result of tomatine poisoning
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ROLF IN PIANT DISFASLC AND PRIDATION

Although earlier work' * had indicated that the degice of mhibition of F oxisporum
f lycoper sici i culture by expressed juice from tomato plants was proportional to the wilt
resistance of the variety of tomato used, Irving'*® was unable (o establish a relationship
between the level of tomatine in different varicties and the degree of tesistance to Fusarium
wilt However he did note that wheteas tomatine levels were mamntained n mfected 1ess-
tant varietics levels in susceptible varicties dechned as the infection progressed suggesting
that wilt resistance mught be related not so much to the absolute amount of tomatine,
but more to the rate at which 1t could be claborated n response to nfection Later
Kern!'“* confirmed the absence of a relationship between absolute tomatine level and wilt
resistance and further proposed that the atkaloid was not suthcaently mhibuitoiny to 4 ovi-
sporum { lvcopersict or present i high enough concentiations in 1oots or stems to pldy
a majol1 role n resistance to this fungus In the opmion of McKee '™ there 1s (up ull 1961)
no convincing evidence that sterordal glycoalkaloids confer discase 1¢esistance on plants
which elaborate them even though such alkaloids may be able to mhibit i titio growth
of certain pathogens Subsequent work mvolving wilt-inducing fungt has on the whole
led to stmilar conclusions For example m the most recent study of this subject Langceake
et al 7% found that tomatine was quite mhibitory to hyphal extension of f oxyvsporum f
Ivcopersici i titro but following infection of the plant, the level of tomatine 1n stems and
roots incteased 1n susceptible cultivars as well as in resistant cultivars They therelore
consider 1t unlikely that tomatme 1 meolved in resistance of tomato o Fooxysporum £ lyco-
petsicl

However, Arneson and Durbin®” have suggested that smce tomaune levels ate higher
m leaf tissues than in stems o1 roots, the alkaloid may be mote important in tesistance
to leaf-infecting fungt Assuming uniform disttibution throughout the leaf and within the
cell the concentration of tomatine has been estimated at 10 * M '™ but 1t has also been
pointed out' ** that localization within the cell or in certan leaf cells could result in suffi-
cently high concentrations of the alkaloid to inhibit fungal growth Sepiornia lveopersicr the
fungus which causes leaf spot of tomato has been shown capable of detoxifying tomatine
both in titio and in t1io, by enzymatically hydrolysing one glucose molecule from the gly-
coside to vield fis-tomatine ©” The enzyvme has been purthed and characterized as a const-
tutive extracellular glucosidase (f5-p-glucoside glucohvdrolase EC 321 21 which bicaks
the /1 — 2 linkage between the two glucose molecules of the tetrasacchatide © 'Y Atten-
tion has also been drawn to 1ts high degree of substiate spectficity ' Investigations into
the effect of tomatine on other tomato parasites on fungi pathogenic to other plants and
on common saptophytic fungi have shown that tomato pathogens ate generallv fess sensi-
tive to tomatine than are non-pathogens of this plant ' ** However, 1t 1s not known 1f lowet
sensittvity to the alkaloid 15 due 0 all cases to detoxification of tomatine by enzymatic
hydrolysis o1 to other mechanisms

The possibility that tomatine may be important in the resistance of tomato to mnfection
by yet other pathogens has been raised by the findings of Mohanakumaran ¢t al '©* These
authors found that tomatine levels are higher in roots of L prmpinellifolim cultivars 1e81s-
tant to Pseudomonas solanaceaiun (which causes bacterral wilt) than in susceptible cult-
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vars Furthermore, alkaloid levels in roots of resistant cultivars increase following infection
by this bacterium whereas those m roots of susceptible cultivars remain constant or de-
crease During ripening of tomato fruits, there 1s a decrease 1n their resistance to infection
by Colletotrichum phomoides® ®* but whether or not this s related to the decline in tomatine
content of the fruits which also occurs during ripening 1s not yet known

A number of workers (¢ g Schreiber '°? Fraenkel'®* 1°%) believe that steroidal alkaloids
may confer protection against insect predators Although Colorado beetles and therr lar-
vae die of alkaloid poisoning soon after devouring leaves of Solanum auiculatum,' 3 1t has
also been proposed!®®~1°8 that under natural conditions steroidal alkaloids. mcluding
tomatine, act as repellents rather than as toxins It may be significant, especially in relation
to the findings of Arneson and Durbin!3# mentioned above, that the potato leathopper® #¢
and the Colorado beetle' ®# are less sensitive to the alkaloids of the potato plant (and espe-
cially to solanine) than to tomatine In view of the well-established msect-attractant pro-
perties of various 1soprenoids, 1t has been questioned!®* whether 1t 1s any less hkely that
certain secondary products act as msect repellents

MODE OF TOXIC ACTION

The toxicty of tomatine to a wide range of organisms is well documented, but the
mechanism of toxicity 1s not yet fully understood Fontaine et al 7 attributed the antibiotic
properties of tomatine to the aglycone moiety and, n fact, tomatidine appears to be more
toxic than the glycoside to certamn fungi'®® and to mice, when administered intra-
venously !4’ On the other hand, tomatidine, unlike tomatme, does not affect imbibition by,
or survival of, the potato leafhopper®#® and was less inhibitory than the glycoside to three
test fung1 (viz Colletotrichum orbiculare, Septoria hinicola and Helminthosporium turcicum)
used by Arneson and Durbin !7° More work 1s still required to elucidate the reasons for
these differences

Because 1t consists of a hydrophobic steroid morety hinked to a hydrophilic sugar
motety, tomatine possesses surfactant properties similar to those of saponins McKee!
has attributed the toxicity of steroidal glycoalkaloids (including tomatine) to fungal spores
to such properties The fact that the less toxic hydrolysis products of tomatine (viz f-
tomatine, f§,-tomatine and tomatidine) show less surface activity than the glycoside, 1s 1n
keeping with such a mechanism, but at the same time, there are indications that differences
1n surface activity cannot fully account for differences in toxicity '7°

Following the discovery that tomatine can complex with 3-hydroxy steroids,*® 1t was
proposed!®? that this might be the molecular basis of 1ts toxicity (and possibly also that
of other steroidal glycoalkaloids) Thus the mechamsm of toxicity of tomatine has been
compared!®® to that of polyene antibiotics which act by complexing with membrane
sterols and altering or destroying membrane permeability Species of Pythium and Phy-
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tophthora which are msensitive to polyene antibrotics ' 2 '3 presumably because their
membranes lack sterols are also unaflected by tomatine ! "* Tomatidine, f§;-tomatine fi,-
tomatine and the protonated form of tomatine which exists at low pH do not complex
with sterols 177 which may esplain thenr reduced toxicities Nevertheless these com-
pounds are shightly toxic in varying degiees to different organisms posubly due to surfac-
tant and,or other properties It appears therefore that the unpiotonated form of r-toma-
tine may have two modes of toxic action (viz sterol binding and surface activity) both
ot which disrupt the integrity of cell membranes However the relative contribution of
these two modes of toxicity to the Iytc action of tomatme on for example fungal
spores ' ' mammahan et ythiocytes ' and pigmented plant tissues' ™ 15 not vet known

~s

APPLICATIONS

As a result of 1ts fungicidal properties 1t was suggested that tomatine might be of value
as a therapeutic agent in human disease * However subsequent toxicity tests have tuled
out parenteral administration and restricted 1ts possible clinical use to topical or oral ap-
phcation '*° A 0 5°, hydrophilic tomatine ointment has been marketed by an Argentinian
company and recommended for topical use in the treatment of mycotic dermatosis ! ® The
reportstates the ointment to be especially effective in the tieatment of Eczema Tinea tricho-
phytina. Tineacircinata, Tinea favosa, Favusof body and nails Tinea mucroscopic, Intertrigo
and onyx blastomycetes Pityriasis versicolor and Frythrasma, without giving rise to odour,
local irmtations, secondary toxicity or cutaneous sensitivity ' ** The alkaloid can also be
used at the same concentration as a powder or lotion However no details of its climcal
efficacy appear to be available '*°

The autho1s®” who first reported the ability of tomatine to complex with 3f-hvdroxy
steroids suggested that the alkaloid might be used for the precipitation and preparation
of certain sterols It has since been shown' ™ '®' that tomatine can be successfully
employed for 1solation and assay of cholesterol and there are claims' ™ 918! that 1t 15
even more specific than digitonin {or the pieparation of this sterol

The fact that tomatidime can be chemically degraded to allopregnenolone? 12 13 34-40
makes 1t a possible starting material for the synthesis of steroidal hormone< and 1n fact
progesterone' ®2 '¥3 and epiandrosterone’ #* have been partially synthesized from degra-
dation products of tomaudine or 1ts derivatives Duc to 1ts lack of ¢ A double bond
tomatidine 18 not as conventent a starting material for steroidal hormone svnthesis as 1s
diosgemin (22) or solasodine (12) but with the increasing demand tor new soutces of syn-
thetic sterord precursors”, it may eventually prove a usefui alternative Since tomatine can
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be broken down to allopregnenolone i vivo, 1t has been suggested'?® that allopregneno-
lone 1tself might be extracted from waste tomato vines which have been suitably incubated
to effect this degradation

185 ScHREIBER, K (1964) Ann 674, 168

186 ScureIBER, K and AURICH O (1963) Z Naturforsch 18b, 471

187 BoLL, P M (1962) Acta Chem Scand 16, 1819

188 Unre, F C (1961) J Am Chem Soc 83, 1460

189 Tyzson, P and Kiss, Z, (1957) Acta Chim Acad Sci Hung 12, 31

190 Briggs, L H, CoLEBROOK, L D, MILLER, H K and SATO, Y (1960) J Chem Soc 3417

191 Borr, P M and SIOBERG, B (1963) Acta Chem Scand, 17, 1176

192 Bypzikiewicz, H, WiLsoN, ] M and Dierassi, C (1962) Monatsh Chem 93, 1033

193 Bupzikiewicz, H (1964) Tetrahedron 20, 2267

194 ToLpy, L. (1958) Acta Clum Acad Ser Hung 16, 403

195 SCHREIBER, K (1963) Kulturpflanze 11, 422

196 SeprpBFR K (1954) Ber 87, 1007

197 BognaR R and MARLET S (1965) Phaimazie 20, 40

198 TyzsoN, P, MAGYAR, G and Kiss, Z (1958) Acta Phaim Hung 28, 151

199 RonscH, H, SCHREIBER, K and STUBBE, H (1968) Naturwissenschaften 55, 182

200 WiLLUHN, G and KUN-ANAKE, A (1970) Planta Med 18, 354

20t AspaNoOv, S M (1970) Klum Prir Soedin 6,776

202 QcHREIBER, K , HAMMER, U, ITHAL, E, RIPPERGER, H, RUDOLPH, W and WEISSENBORN, A (1961) Tagungsber
Deut Akad Landwirtschaftswiss, Berlin (27), 47

203 SANDER, H (1963) Bot Jahrb 82, 404

204 BoGNAR, R and MAKLEIT, S (1956) Pharmazie 11, 376

205 TukaLo, E A (1964) Izuch 1 Ispolz Lekarstv Rastit Resursov SSSR 288

206 BrINK, N G and FoLkers, K (1951) J Am Chem Soc 73,4018

207 GALINOVSKY, F and WAGNER, A (1952) Monatsh Chem 82,1123

208 ToMova, M (1962) Farmatsiya (Sofia) 12, 37

209 K unn, R and Low, I (1948) Ber 81, 552

210 SANDER, H (1957) Naturwissenschaften 44, 547

211 HEGNAUER, R (1964) Chemotaxonomie der Pflanzen, Vol 3, Birkhauser, Basel



