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Abstract-Two major steroid glycoalkaloids, in addition to cc-solanine and a-chaconine, were isolated from leaves 
and aged tuber slices of potato, Solanum tuberosum L. var Kennebec. They are glycosides of tomatidenol and 
have been identified as c(- and p-solamarine. The compounds were not fdund in tuber peel or freshly sliced Kenne- 
bet tubers or in 20 other cultivars. 

INTRODUCTION 

THE PRESENCE of solanine in the potato, Solanum tuberosum L., was first reported in 1826.’ 
Zwenger and Kind’ reported that solanine was a glycoside and they-named the alkaloidal 
aglycone solanidine. Wbsequently it was found ‘v4 that solanine in potato is a mixture of 
glycosides. Seven glycosides of solanidine have been isolated among which a-solanine and 
a-chaconine are usually the major components. Glycosides of anqther steroidal alkaloid, 
a spirosolenol, were reported by Schreiber, 5 who found a small amount of tomatidenol(1) 
(tomatid-5-en-3fi-01) in an acid hydrolyzate of a glycoalkaloid mixture extracted from 
potato sprouts. Tomatidenol was also isolated as the major aglycone from a mixture of 
steroid glycoalkaloids from Solanum dulcamara L. 6,7 Fractionation of the mixture led to 
isolation and characterization of b-solamarine’ (2). The compound showed significant 
tumor-inhibiting activity against Sarcoma 180 in mice.g 

In a study”,l’ of the steroid glycoalkaloid content of Kennebec potato in relation to 
rishitin accumulation and resistance to late blight, two additional major steroid glycoalka- 
loids (A and B) were detected. These compounds were not observed in leaves of 20 other 
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cultivars, and were not dctcctcd in tt?c pcci of Kcnnebcc tubers even though the total 
solanine content in the peel is appro~imatcl> qua1 to that in the leaf. The compounds 
accumulated to levels comparable M ith r-solaninc and y-chaconine at the surface of cut 
Kennebec tuber slices but not slices of the other cultivars. In this work. the two com- 
pounds were separated. isolarcd. h~drolyxd. and their aglycone and sugar compositions 
determined. 

, 

D-GIu 

L-Rho 0t 1 

(1) R = HO (2) j%Chocotriosyl (3) P-Solotriosyl 

Since the color responses of compound A. which migrates faster than the other three 
glycoalkaloids on silica gel in all solvents (Table 1). and compound B to Carr-Price” and 
modified Marquis I3 rcagcmts M’crc similar to those of solanidine, z-solanine and sc-cha- 

canine. it appeared that A and B u’crc degradativc or biosynthetic intermediates between 
solanidine and its t\vo m:t.jor gl>cosides. Sugar analyses of the aqueous fractions of hydro- 
lyzates indicated that A contains 3 mol rhamnosc and 1 mol glucose. as does x-cha- 
canine:’ 4 compound B contcrins 1 mol each of rhamnosc. glucose and galactose, as does 
a-solanine.’ ’ The chlor~~form fraction CII’ h~~tlrol~/;atcs of A and H contained a major com- 

ponent with an K, dlfYcrwt I’r~~m those of solanidinc and solasodinc but identical to that 
of tomatidenol (Table 21 j. The idcntit! of the agl!cone \vas further confirmed by its elemen- 
tal analyses. MS analysis. rn,~. :~ntl n1.m.p. \xiith an atlthcntic sample. 
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Compound A was confirmed to be p-solamarine by elemental analyses, m.p., Rf values 
on TLC with various solvent systems and dark-green color formation with anisaldehyde- 
sulfuric acid reagent. Analytical data for compound B are consistent with that reported 
for a-solamarine6,’ (3) assuming the sugars of compound B are linked as a a-solamarine. 

TABLE 2. R, VALUES* OF ALKALOID AGLYCONES 

Aglycone (A) 

Solvent systemt 

(B) (C) (D) (E) (F) 

Compound C tomatidenol 0.69 ; 0.77 ; 0.84: 0.74 0.80 0.53 0.18 0.23 

Solasodine @37 0.72 075 0.36 0.05 0.06 
Solanidine 0.33 0.55 0.70 0.42 0.27 0.09 

* Visualized after spraying with Carr-Price reagent, R,- calculations from 
5 x IO cm plates layered with silica gel G (250~ thick). 

t (A) n-BuOH-Me,CO-H,O (4: 5: l), (B) EtOAc-HOAc-H,O (I 1: 2: 2), (C) 
n-BuOH-EtOAc-iso PrOH-HOAc-H,O (7:20:12:7:6), (D) C,H,-MeOH (5:1), 
(E) cyclohexane-EtOAc (1: 3), (F) CHCl,-MeOH (19: 1). 

: In a ratio of ca 6: 1: 2. No further separation after 2-D TLC with the same sol- 
vent implied no solvolysis involved. 

Potato cultivars possessing R genes were introduced by plant breeders in an effort to 
control late blight, l6 and Kennebec, an R, cultivar, I7 is derived from a wild Mexican spe- 
cies, Solanum demissum Lindl. 18,19 The steroid glycoalkaloids found in S. demissum are 

demissine and tomatine’“which contain 5,6-saturated steroidal aglycones and share the 
same sugar residue, P-lycotetraose. It thus appears from our results that Kennebec inher- 
ited only the spirosolane skeleton from S. demissum but neither the sugar moiety nor the 
saturation pattern. Kennebec is the only potato among the R gene cultivars in our investi- 

gation which showed such irregularity in its steroid glycoalkaloid spectrum, so that these 
alkaloids cannot be related to R gene resistance. However, this incident indicates that 
potentially toxic characters may be introduced when new varieties are brought to the con- 
sumer as the result of programs to increase yield, disease or insect resistance or quality 
of food crops. 

EXPERIMENTAL 

Extraction ofSolanum alkaloidsfrom Kennebec leaues and aged tuber slices. Leaf powder (05 kg) was extracted 
(x 2) with 41. CHCl,-HOAc-MeOH (1O:l :g). The combined extracts were filtered, and evaporated to dryness 
in uacuo. 2 1. each of 2% aq. HOAc and CHCl, were added to the residue, and the mixture was shaken and 
allowed to separate. The aq. upper layer was rinsed with 1 1. CHCl, and reduced to ca 300 ml in vacua. The 
concentrate was centrifuged and the supernatant adjusted to pH 9-10 with NH,. The mixture was warmed at 
80” for 30 min and cooled at 4” for 4 hr. The precipitate was collected by centrifugation (10 min, 15 000 g). repreci- 
pitated, washed and dried (yield 4g). Kennebec tubers were washed with detergent and tap water, surface steri- 
lized by immersing in 70% EtOH for 1 min, surface dried in air, and cut into 1 cm thick slices. The slices were 
incubated at 18” in glass Petri dishes lined with moistened filter paper for 4 days. The top mm of the aged slices 
was harvested, lyophilized and extracted as described above. 
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TLC pr’ocrdures. A sample of the crude mixture (leaves or aged tuber slices) was dissolved in MeOH. spotted 
on silica gel TLC plates and devcloped in 95”,, EtOH, and sprayed with satd SbCI, in CHC’I, (Carr-Price reagent) 
and heated at 120’ for 5 min. Four major purple red spots appeared. ahich coilecticely contributed more than 
95”, of the total color. The Iwo components with lower R, wcrc z-solanine and z-chaconine: the two faster mov- 
mg components were referred to as compounds A and B. For quahtativc analyses. prccoatcd silica gel plates 
with 3”,, starch as binder wcrc used. About I 5 pg glycoalkaloids or crude mixture wcrc spotted. and the plates 
were developed with a range of solvents (Table I )_ The dcceloped plates were sprayed \I ith freshI> prepared ani- 
saldehyde reagent (0.5 ml anisaldehqdc. 9 ml 95”,, FtOH. 0.5 ml cont. H2S0,. and 0.1 ml HOAci and heated at 
I20 for 2-5 min till color appeared. A was dark green. B hluc. z-chaconine bro\~n. and r-solanine purple red. 

Isolirrio~~ of ,g UII~ R. A and B in the crude mixture were scparatcd from z-solanine and x-chaconine on a 
4X x 3.5 cm silica gel column (60 200 mesh) eluted with MeOH. A and B appeared in earlier fractions than z-so- 
lanmc and r-chaconine. Fractions containing A and B wcrc combined and concentrated it1 r~wo. A and B were 
separated by chromatograph! on a 3X x 2.7 column ofalumina (Wwlm neutral. Act. 1) using n-butanol snturatcd 
with Hz0 as eluent (300 drops fraction). Compound A \vas in fractions 21 55 and compound B in fractions 47 
X7. Further purilication jicldcd ;I< coIorIcss. amox-phous glycosidcs. ,1. M.p. 268~ 273 (decomp.). with smtering 
at 265 After drying 111 wc~o at I 10 _ for 4 hr (Foulid: c‘. 6OG4: I-i, S.57: N. 1 .X4. C‘alc. for ,!I-solamarine mono- 
hydrate(C,,H-,NO, i + Hz()): C. 61.00: H. X.53: N, 1,5X”,,). B. M.p. 255 260 (dccomp.). with sintcring at 236 
After drying i/l L‘U uo at I IO _ for 1 hr (Found: C, 5X.86: H. X.14; N. 1.69. Calc for r-snlamarinc dihydrate 

(C,,H,,NO,, t 2 HzO): C, 5X.74; H. X,44: N. 1.52”,,). 
Identjfictrrio~~ c!f /1!~1rol~~.si\ ~w&rc~t.s OJ/ -t UIILI H. A and B were hydrolyzed for I6 hr at 85 in ethanolic MHCI 

and the products purified and identified by standard procedures. The sugars wcrc analyrcd by TLC” and 
GLC.” and the aglycone C b! TLC (see Table 2). Thia agl~cone was purlficd bq column chromatog,rraphq on 
silica gel H-cellulose MN 300 (19: 1) and on silica gel H. cluting with (‘HC‘I, MeOH I IV: I ). It crystalhzed from 
acetone as nccdlcs. m,p_ 23X 240 After drying ill wcw at IlO for 4 hr iFound: C. 7X.13: H. 10.35. Calc. for 
tomatidenol (C,,H,,NO,): C. 7X.40: H. 10.48”,,1. Mixture uith authentic sample showed no depression in m.p. 
The MS of compound C‘ and tomatidcnol wcrc identical with two intcnsc peaks (w ‘2 I 3S and 113) and a parent 
ion of413. 


