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ABSTRACl 

A method f o r  preparat ive i s o l a t i o n  o f  15N-tomatine from 
f o l i a g e  o f  tomato p lan ts  grown hydroponica l ly  w i t h  15N- 
conta in ing n u t r i e n t  s a l t s  I s  described. Ex t rac t ive  workup 
o f  p l a n t  mater ia l  gave a crude product which was 
chromatogra hed on Sephadex LH-20 t o  y i e l d  pure tomatine. 
Assay o f  4511 content by mass spectrometry showed t h a t  
i s o t o p i c  p u r i t y  was u. 95%. 
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INTRODUCl ION 

lomatine, a s t e r o i d a l  g lycoa lka lo id  found i n  t h e  tomato p l a n t  (Lycopersicon 

esculentum M i l l . )  and other  LvcoDersicon and Solanum species has been the  

subject  o f  many repor ts  t h a t  consider the  a l k a l o i d  t o  confer  host-plant 

res is tance against a number o f  pests and pathogens. This substance i s  

i n h i b i t o r y  t o  fung izs3  and i s  t o x i c  t o  o r  i s  an ant i feedant  towards 

 insect^^'^. Tomatine may a l s o  p lay  a r o l e  i n  the  res is tance o f  c e r t a i n  tomato 
5 6 v a r i e t i e s  toward nematodes . An account o f  a t r i t o p h i c  i n t e r a c t i o n  

describes how accumulation o f  t h e  a l k a l o i d  w i t h i n  larvae o f  a tomato 

leaf - feeding lep idopteran can i n h i b i t  development o f  o r  k i l l  la rvae o f  wasps 

which o r d i n a r i l y  would be able t o  successfu l ly  parasitize these c a t e r p i l l a r s .  

Tomatine might a l s o  prove t o  be a use fu l  precursor o f  s t e r o i d a l  

pharmaceuticals . A la rge  number of a n a l y t l c a l  procedures f o r  tomatine, a l l  1 
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TOMATINE 

3 of which suffer from one or more disadvantages, have been described . These 

include the usual chromatographic procedures as well as colorimetric and 

gravimetric methods. It is clear that 15N-tornatine could be used in mass 

spectral analyses of the alkaloid and may also be helpful in revealing the 

biochemical fate of this material in vivo. 

This paper describes the preparative isolation of 95% isotopically pure 

15N-tomatine from plants of the Red Currant tomato. LycoDersicon 

pimDinellifolium, which was chosen for its high tomatine content.'"' 

RESULTS AND DISCUSSION 

Nitrogen-15 labelled plants were obtained by hydroponically growing c. 
pimpinellifolium on sand using a recirculating system containing the appropriate 

"5N-containing nutrients. After 32 days under artificial illumination, the 

plants were ca. 75 cm high and exhibited minor chlorosis suggestive of 

expenditure of nitrogenous nutrients. At this point they were harvested and the 

total plant material was freeze-dried. Extractive workup, initially with 

chloroform to remove nonpolar material, followed by methanol containing a small 

amount of acetic acid yielded an extract which, after addition of water was 

rendered almost colorless by washing with chloroform. Concentration of the 
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aqueous methanol s o l u t i o n  fo l lowed by adjustment o f  pH t o  about e i g h t  gave an 

i nso lub le ,  crude tomatine f r a c t i o n  which was c a r r i e d  through an a d d i t i o n a l  

p r e c i p i t a t i o n  stage fo l lowed by chromatography on Sephadex LH-20/methanol. Use 

o f  chromatography e l im ina ted  losses du r ing  ted ious c r y s t a l l i z a t i o n  and gave pure 

ma te r ia l  i n  one step. For mass spec t ra l  ana lys i s  a p o r t i o n  o f  product  was 

converted t o  the  aglycone, tomatidine. by a c i d i c  hyd ro l ys i s .  I s o t o p i c  p u r i t y  

was estimated t o  be ca. 95%. 

EXPERIMENTAL 

General: Column chromatography was performed on Sephadex LH-20 from Pharmacia 

Co. l h i n  l a y e r  chromatography was on 0.25 mn thickness s i l i c a  ge l  F-254 (E. 

Merck) and the  chromatograms were v i s u a l i z e d  by anisaldehyde spray . A l l  

so lvents  were reagent grade. C i r c u l a t i o n  o f  hydroponic s o l u t i o n  and metering o f  

methanol f o r  chromatographic e l u t i o n  was by means o f  a CMP-3 pump (Milton-Roy 

Co.). Mass spec t ra l  analyses were c a r r i e d  o u t  on a Micromass 7070F instrument 

(V.G. Micromass, Ltd.).  Nitrogen-15 calcium n i t r a t e  and potassium n i t r a t e  were 

obtained from Icon Services, Inc. ,  Sumnit N.J. 

9 

P lan t  ma te r ia l :  Seeds o f  C. p imDine l l i f o l i um,  LA1245. were obtained from the 

Tomato Genetics Stock Center, U n i v e r s i t y  o f  C a l i f o r n i a ,  Davis and were subjected 

th ree  successive times t o  30 min. etchings w i t h  h a l f  s t reng th  household bleach 

t o  permeablize the  seed coat' and maintenance between moistened b l o t t e r  d isks 

f o r  5-7 days. A f t e r  the t h i r d  pe r iod  o f  treatment, germination occurred. The 

sprouted seeds (14 i n d i v i d u a l s )  were p lanted i n  a 2-inch deep l a y e r  o f  sand 

(0.5-1 mn d i a )  contained within a 8 x 10" box having a pe r fo ra ted  bottom l i n e d  

w i t h  f i l t e r  paper. A n u t r i e n t  s o l u t i o n  (Table 1). 2000 m l  i n  t o t a l  volume, was 

c i r c u l a t e d  cons tan t l y  through t h e  sand by means o f  a metering pump a t  300 m l  per  

hour us ing standard i r r i g a t i o n  d r ippe rs  on top  o f  t he  sand bed w i t h  r e t u r n  t o  

the pump r e s e r v o i r  by means o f  a catch bas in beneath the  growing box. The 

p lan ts  were he ld  i n  a chamber a t  22' w i t h  a 16 h r  photoperiod per  24 h rs  having 

i l l u m i n a t i o n  from s i x  F4OCW f luorescent  tubes supplemented by f o u r  100 W 

incandescent bulbs. 1'0 compensate f o r  t r a n s p i r a t i o n ,  water i n  the  pump 
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r e s e r v o i r  was adjusted t o  t h e  i n i t i a l  volume on a l t e r n a t e  days. A f t e r  32 days 

the  p lan ts  were separated from most adhering sand by washing under a gent le  

stream o f  water and were freeze-dried t o  g i v e  31 g o f  anhydrous ma te r ia l .  

HYdroDonic So lu t i on  f o r  L. D i m i n e l i f o l i u m  

Substance Concn. ( M i  l l i m o l a r )  

Caf 5N03) 2 
K 5 ~ 0 ~  

6 
10 
1 
0.5 

2.5 x 
1.25 x 

1 x 10-2 

2.5 x 10-3 
1 x 10-3 
2.5 x 10-4 
7.5 x 10-6 

E x t r a c t i o n  and F rac t i ona t ion :  The d r y  p l a n t  ma te r ia l  was ground w i t h  two 400 m l  

po r t i ons  o f  CHC13 (discarded) fo l lowed by th ree  300 m l  po r t i ons  o f  

methanol/O.lX HOAc us ing a one quar t  Waring Blendor and f i l t e r i n g  by suct ion.  

The combined methanol e x t r a c t s  were concentrated t o  50 m l  i n  vacuo. 100 m l  o f  

water was added, and the  mixture was washed w i t h  f o u r  100 m l  po r t i ons  o f  CHC13 

t o  g i ve  an almost co lo r l ess  aqueous so lu t i on .  A f t e r  f u r t h e r  concentrat ion t o  

about 80 m l ,  t he  aqueous s o l u t i o n  was made bas ic  w i t h  excess NH40H t o  g i ve  a 

f l o c c u l a n t  p r e c i p i t a t e  i n  a s t r o n g l y  ye l low s o l u t i o n  ( r u t i n ) .  A f t e r  

cen t r l gua t ion  a t  7000 x g/lOmin the  r e s u l t i n g  ye l low p e l l e t s  were red lsso lved i n  

20 m l  o f  0.5 g HOAc. 'Ihe s o l u t i o n  was again made basic and the pale ye l low 

p r e c i p i t a t e  (0.32 g) was c o l l e c t e d  by c e n t r i f u g a t i o n ,  app l i ed  i n  10 rnl MeOH t o  a 

950 mn x 50 mn d ia .  LH-20 column and chramatographed us ing methanol a t  300 

ml/hr. Tomatine i n  the e lua te  was detected by s p o t t i n g  one m i c r o l i t e r  po r t i ons  

from each 25 m l  tube onto a s i l i c a  ge l  1LC p l a t e  and v i s u a l i z i n g  w i t h  

anisaldehyde spray. Tomatine forms a s t rong blue-green c o l o r  under t h i s  

treatment and was thereby shown t o  be present i n  an e l u t l o n  volume o f  1225 t o  

1550 m l .  The co lo r l ess  product, 0.285 g. was shown t o  be near l y  homogeneous 

tomatine by TLC . 10 
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Hydro lys is  and Mass SDectral Analysis: A 1 mg p o r t i o n  o f  15N-tomatlne was 

t rea ted  w i t h  0.5 m l  o f  1 1 HC1 a t  100' f o r  90 min. l h e  cooled s o l u t i o n  was made 

basic w i t h  0.b m l  o f  1 L! NaOH so lu t ion ,  and t h e  f r e e  aglycone. 15N-tomatidine. 

was ext racted i n t o  e t h y l  acetate. This s o l u t i o n  was used f o r  mass spect ra l  

analys is .  Est imat ion o f  15N content was f a c i l i t a t e d  by comparison o f  the  

i n t e n s i t y  o f  t h e  fragment i o n  o f  m/z 138 known t o  be formed by cleavage o f  t h e  

n i t rogen conta in ing r i n g  i n  un label led tomatine" w i t h  the  i n t e n s i t y  o f  the  

corresponding ion, m/z 139 f o r  t h e  15N-contalnlng substance. The 

incorpora t ion  o f  15N was about 95%. 
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