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Various plants of the Solanaceae family are known to contain oxygenated 
steroids buiit on a C, ergostane-type skeleton, such as withanolides’, physalins’, Nit 
derivative5 and the ixocarpalactones~. 

Withanolide E (Fig. 1, 1)’ and its 4@-hydroxy derivative (2)‘~~ were found to 
be active against several turnour systems used in cancer chemotherapy screening, 
namely P338l and L12108 leukaemia, Lewis lung carcinoma and B-16 mouse 
melanomar_ 

In this paper, we report the application of an efhcient, high-sensitivity higb- 
performance liquid chromatographic (HPLC) method for the qualitative and quantita- 
tive analysis of two solanaceous pIants : (a) Ph?ysair‘s pencvkzn~ L.‘** and (b) IVknzdra 

physaloides (L.) Gaertb var. db$ora lo_ me former was found to contain steroidal 
la&ones of the witbanolide group with a 17asriented side-chain: withanolide E (I), 
4@-bydroxywithanolide E (2), 2,3dihydrowithanolide E (3)’ and withanolide S (4)‘. 
iVicmrdra physalo&&r (L.) Gaerth var. dbifora was found to contain two closely 
related steroids, namely nicalbin A (5) and nicalbin B (6) One of the in@resting 
features of nicalbin A (5) is that the hemiacetalic hydroxyl group is axially oriented. 
Upon extraction with methanol or ethanol, the two epimeiic C26methyl acetals 
(7 and 8) and ethyl acetals (9 and lo), respectively, were obtained. 

It should be emphasized that so fm this is the only variety of this plant which 
does not contain Nit-1 (nicandrenone) (1 I), characterized by an expanded and 
aromatic ring D. This compound was a common constituent in all plants of Nicc8tdrrr 
physa2uiiS.s investigated by Begley et al. 3, Bates and Eckert? and our group’. 

ExPElamENTAL 

The HPLC apparatus was a Waters Assoc. Model 204 liquid chromato- 
graph, equipped with a U6K injector, 6OOOA pump and Model 450 variable- 
wavelength detector. The cohunn (stainless steel, 250 x 4.6 mm I.D.) was packed 
with Lichrosorb SI-100, 5 pm. The eluents were 2-propanol (Frutarom, Heif% 
Israel), acetonitrile (spectrogmde, BDH, Poole, Great Britain) iuad methylene 
chloride (BDH). The methylene chloride distilled and then passed throu8h a 
60 x 2 cm L.D. column, the bottom half of which was Glled with silica gel 60 
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(Merck, Dams+adt, G-F-R-j and the top half with an equal arnotlnt of basic al&a 
(WceIm, Eschwege* C.F-IL). This trestment was sxnssry for detion at 225 nm 

wfith air as a nSerence_ 
The extmcts and cxn~mds used were obtained and isolated from the 

Zesves of PlgmEs pmmimu L. and Niccnct~ physd’o&s @.) Gaerth vu_ a0i#&mz 
These plants were tised from 5eeds at the expesimentd farm of the Em&y of 
Agricultme, Hebrew University of Jerusalem, Rehovot, krael. 
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We used high-seusitivity detection at 225 run as desaibed.by Hunter eb aL1s, 
who repor6zd a detection limit of 5 ng for the withulolides. 

Owing to t&e bigb pofarity of the compounds sepa&cd in this study aad in 
order to keep the e&ion times to the nrinimnm, bighiy polat solvents were used, 
With n&lbii methylene chloride plus 6% of 2-propa;lol gave an excellent separa-r 
tion of all four componem!s (Fig. 2). The same solvent system was ~Skek5ore used for 
&e analysis of&e plant extracts (Figs. 3 and 4)_ 
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Fig, z co cbmsnatogramOf~~mb;tme of niczlbin A (5). nicalbin A (26R)-meffiyl czcctd 
CI). -binA(- yl acetd (8) snd nicdbin B (6). (b) Cbromatogram of standard xnixnue 
of nicalbin A (5). k&bin A (26lQ-ethyl wetal (9). nhibin A (26,S)-&yl acszti (10) and nicalbin 
B (6). cotumn: LiC%rasmb SI-NH, 5 pm. SoIsmt, metbykne chloride-6~~ 2-prupancf ; fkw-rate, 
1_0&D&iin;dcteceion*225rIm. 

The absence of Nit-L (niadrenone) was proved by ffie addition of a trace 
amount of the substance to the steroid mixture obtained by extraction of the leaves 
with ethanol (Fig. 5). 

In the analysis of the constituents of PZiy.7aZj.s pa7vkz~ we were faced with 
more @X compounds. Using the above mobile phase, withanolide E (1) and its 
2,3-dihydroderivative (3) could not be separated’ and 4&-hydroxywithmolide -E 
(2) was eluted after a very long time. However, when acetoniti~meehylene chloride 
(t :1) was used, an excellent separation of steroidal lactones (l), (2) and (3) was 

* At the time’, the sepanltiou of this p?!ir Was exacmexy umlpkiad. 
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Fii. 3. Chmmatogram of a crude cndaaok extract obtained fmm knaves of Fiida physaloirks 
vm. aK&Q?ora_ For QE petimcnti conditions see FG. 2. 

Fig. 4_ cluxxna~ of a cm& ethnoLic extract obtained from Icaves of Akaidraphydoi v2r_ 
aihj%rc_ For expain;end codSxts see Fs 2 
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acbieved. This system- was also applied to the crude pktnt 4zxWiti (Fig. 6)_ Tot2i 
separation, including withanolide S <4jS was not passibfe in less t&en 30 min. The 
Iat&& was elu*kd In a reaknabte time when 2-prapanol (IT*%) was added to the 
ace~or&iIe-metbykne cblatide (1 :I) mixture. 
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Fig. 6. (a) Chromatogram of a crude extract obtained from leaves of Pfzysah peruviona. Solvent: 
methyke chlorid~tonit (I: I). For other experimen tal conditions see Fig. 2. (b) Chromate 
gram of the same extract as above with methykne chlorid~cetonitrik-2-pro-o1 (47_5:47_5:5) zs 
Fhe soxvmt system_ 

cbNcLUsIoNs 

Extracts and components of Physdis perwiarta L. and Nicmrciia physdoides 
(L.) Gaerth var. czibtj?ora provide a good demonstration of the advantages of HPLC 
for the analysis of solanaceous plants containing highly oxygenated steroids. The 
rapid and unequivocal separation of the epimeric hemiacetais, derived from niczlbin 
A during the &ahak extraction pracedure, and the clear distinction betweert 
withanolide E and its 2J-dihydro derivative in the raw pIant material, are note- 
worthy. This *achnque has obvious advantages in biosynthetic studies, in following 
the development of plants far optinal harvest time, and for sekcting the preferred 
genotype of a given plant when one of the steroidal constituents is preferentially 
required. 

1 E G!otter. I. ESrsan, D. Lavic and A. Abraham, The WithanoIides, a Group of Natural Steroids, 
in E. E. ydn Tamckn (ESitoi), Biewganic ClieM~, VOI. IT, Academic Press. NOW VOKk, 1978, 
p_ 57. 

.- 



430 NOTES 

4 R B.-Bates ami D. J. Eckat, J_ Amer. Gkm. 2&c., % (1!372) 8258. 
5 E. Gfotts, P, Ksinsy and I. Kirsm, 1. Ckm. Sac., Pcr;kin Tnrrrs. I, (1976) 669, 
6LKirsoa,k~M-Gncnbcrg.~E,Goc,tlkh.E.Gfotlcr,P-Varrnmaadk~ 

.I- CkJn- I&s_. (1979) (S) 103; @A) 117s. 
7 L~kAbrahm,P_D_Sethi,S.S.Sub- and E- Gkxtcr, Phryiodrcnrisby, 15 (197S) 

34X 
8 K_ Sakmai. EL E&ii, S. E&&am aad T_ Iwao, chmr. Phmm, Ed!., 24 (1976) ?#3- 
9T.KC_BIxaz~ T. N. C Vedanth~, S. S. SuW ad I_ Kison, _tm%n J_ Phmm. 

SCL, 40 (1978) l77_ 
10 I. K&s IL E. Gottlkk. M. Cm&a-g and E. Glottcr, 1. Ckm- Res., (1980) (s) 69; (h%) 1031. 
11 L R Hunrcr, M. K._ IV- E Hcfmann, E- Glottcr and I_ Kirson, J. Chmrsmgr., 170 (1959) 

437_ 


