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in t h e  sma l l e s t  a m o u n t  of w a t e r  a n d  d r i ed  aga in .  F i n a l l y  
i t  was  homogen i zed ,  d isso lved  in  d o u b l e  d is t i l led  w a t e r  
a n d  d ia lyzed  a g a i n s t  d o u b l e  d is t i l led  w a t e r  twice  over-  
n ight .  B o t h  t h e  res idue  in  t h e  d ia lyz ing  b a g  a n d  t h e  
d ia lyza te  were  t e s t e d  for  t he  U V - a b s o r b a n c e .  I t  a p p e a r e d  
t h a t  t he  l i be r a t ed  N - f o r m y l k y n u r e n i n e  d e r i v a t i v e  is 
d ia lyzable ,  sugges t ing  t h e  p re sence  of t h e  t r y p t o p h y l  
res idue  n e a r  t h e  C-end  of t h e  col lagen molecule .  The  
d i a lyza te  c o n t a i n i n g  t h e  N - f o r m y l k y n u r e n i n e  d e r i v a t i v e  
was t h e r e a f t e r  m a d e  0 ,5M a c c o r d i n g  to  N.aHCOs a n d  
h e a t e d  a t  100°C for 4 h.  A p a r t  of t h i s  r e a c t i o n  m i x t u r e  
(0.1 ml) was  d i r ec t ly  m i x e d  w i t h  50 #1 of s a t u r a t e d  solu- 
t ion  of d i m e t h y l a m i n o - n a p h t a l e n e - 5 - s u l p h o n y l c h l o r i d e  in  
ace tone  in o rde r  to  e s t i m a t e  t he  N - t e r m i n a l  a m i n o  acid 
residue.  The  second a l i quo t  (0.2 ml) was  used  for  t e s t i n g  
t he  h o m o g e n e i t y  of t h e  r e su l t i ng  peP t i de  b y  m e a n s  of 
p a p e r  c h r o m a t o g r a p h y  ( so lven t  s y s t e m  n - b u t a n o l - p y r i -  
d ine-ace t ic  a c i d - w a t e r  30 : 20 : 6:  24). T h e  m a i n  p a r t  of t h e  
sample  was  deg raded  s t epwise  b y  EDMAN'S t echn ique ,  
modif ied  b y  GRAY a n d  HARTLEY 6. T h e  N - t e r m i n a l  a m i n o  
acid was  d e t e r m i n e d  a f t e r  e ach  d e g r a d a t i o n  s tep,  as de- 
scr ibed b y  GRAY a n d  HARTLEY 6, b u t  t h e  i den t i f i c a t i on  of 
r e su l t ing  d i m e t h y l a m i n o n a p h t a l e n e  s u l p h o n y l  d e r i v a t i v e s  
of a m i n o  acids  h a s  b e e n  p e r f o r m e d  b y  m e a n s  of t h i n -  
layer  c h r o m a t o g r a p h y  as descr ibed  b y  DEYL a n d  ROSMUS ~. 
T h e  fol lowing a m i n o  acid sequence  was  f o u n d :  t rp - l eu -  
Iys-arg s. 

No di f ference  in t h e  sequence  of t h e  r e su l t i ng  pep t i de  
was found  if, i n s t e a d  of ac id-so luble  collagen,  t h e  in- 
soluble col lagen was  used.  

The  ana lys i s  of t h e  pep t i de  m i x t u r e  re leased  f rom the  
n a t i v e  inso luble  col lagen b y  m e a n s  of t r y p s i n  r e su l t ed  in  

t h e  d e t e c t i o n  a n d  i so la t ion  of a t r y p t o p h a n e  c o n t a i n i n g  
p e p t i d e  9. T h e  sequence  of t h i s  p e p t i d e  was  d e t e r m i n e d  in 
t h e  s a m e  was as  desc r ibed  a b o v e  a n d  t h e  fo l lowing 
sequence  was  f o u n d  : glu S-trp-leu-lys.  

The re fo re  one  can  conc lude  t h a t  one  of t h e  C - t e r m i n a l  
sequences  in  t h e  n a t i v e  col lagen is:  g lu- t rp- leu- lys -a rg ,  
w h i c h  is s u p p o r t e d  b y  t h e  f ac t  t h a t  DEYL et  al. a° found  
one  C - t e r m i n a l  a rg in ine  a m o n g  6 C- t e rmina I  a m i n o  ac ids  
of t h e  n a t i v e  col lagen molecule .  

Zusammen]assung. Es  w u r d e  die Lage  des T r y p t o -  
p h a n r e s t e s  in  de r  ~s T r o p o k o l l a g e n k e t t e  b e s t i m m t :  Das  
T r y p t o p h a n  b e f i n d e t  s ich au f  d e m  4. P l a t z  v o m  C - E n d e  
der  Ke t t e ,  in  der  Sequenz  t rp - l eu - ly s -a rg  s. De r  Verg le ich  
m i t  d e m  t r y p t i s c h e n  H y d r o l y s a t  f i ih r te  zur  V e r b r e i t e r u n g  
de r  Sequenz  u m  eine wei te re  Aminos~kure: g lu- t rp - leu-  
lys -arg  s. 
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Laboratory ]or Gerontology, Czechoslovak Academy o/ 
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J. GRAY and B. S. HARTLEY, Biochem. J. 89, 380 (I963). 
Z. DEYL and J. RosMus, J. Chromat. 20, 514 (1965). 

s trp, tryptophane; leu, leucine; lys, lysine; arg, arginine; glu, 
glutamic acid. 

a j .  ROSMUS, 0. MIKES and Z. DEYL, unpublished observations. 
lO Z. DEYL, J. RosMua and S. BUMP, Biochim. biophys, Acta 140, 

515 (1967). 

Cholesteryl Esters in Flue-Cured Tobacco 

Th e  c o n s t i t u e n t s  of t o b a c c o  in al l  i t s  va r ious  fo rms  h a v e  
received ex t ens ive  c h e m i c a l  s t u d y l ,  a n d  severa l  s terols ,  
s terol  esters ,  a n d  s te ro l  glycosides  h a v e  b e e n  r e p o r t e d  in  
t obacco  - t h e  s te ro ls  c o m m o n l y  o b t a i n e d  b e i n g  s t ig-  
mas tero l ,  f l-sitosterol,  e rgos te ro l  a n d  c a m p e s t e r o l  (JOHN- 
STONE et  al.~,*). Cholesterol ,  o f t e n  cons ide red  to  be  a n  
' a n i m a l '  s terol ,  h a s  been  found  on ly  r ecen t l y  in  p l a n t s  
a n d  to  our  knowledge  ha s  been  conc lus ive ly  iden t i f i ed  in 
on ly  4 species a a l t h o u g h  i ts  p resence  ha s  b e e n  in fe r red  in 
Others 4. I n  sp i te  of e x t e n s i v e  work  on  tobacco ,  choles te ro l  
a n d  i ts  d e r i v a t i v e s  h a v e  n e v e r  b e e n  i so l a t ed  f r o m  t h i s  
p l a n t  6. VVe n o w  r e p o r t  a s imple  sequence  of s e p a r a t i o n  
s teps  (char t )  w h i c h  re su l t s  in  t h e  r e a d y  i so la t ion  of a s t e ro l  
es ter  f r ac t i on  f rom t h e  h e x a n e  e x t r a c t  of f lue-cured  
tobacco,  t o g e t h e r  w i th  p roof  of t he  p resence  of a signifi- 
c a n t  p e r c e n t a g e  of cho les te ryI  es ters  in  th i s  f rac t ion .  

F lue -cured  t obacco  leaves  e were g r o u n d  a n d  e x t r a c t e d  
Cont inuous ly  w i t h  w a r m  h e x a n e  7. T h e  e x t r a c t  was  chilled, 
f i l tered,  a n d  e v a p o r a t e d ,  a n d  t h e  res idue  (5% s) was  dis- 
Solved in a c e t o n e  a n d  chil led.  P r e c i p i t a t e d  sol ids were  
r e m o v e d  b y  f i l t r a t i o n  a n d  t h e  a c e t o n e  e v a p o r a t e d .  T h e  
residue (4.5%) was s u b j e c t e d  to  a 14 t r a n s f e r  coun te r -  
CUrrent d i s t r i b u t i o n  us ing  h e x a n e  as t h e  s t a t i o n a r y  p h a s e  
and  ace ton i t r i l e  as t h e  mobi l e  phase .  T h e  res idue  f rom 
e v a p o r a t i o n  of t u b e  0 (i.e., t h e  leas t  po l a r  ma te r i a l ,  1 .3%) 

1 R. A. W. JOHNSTONE and J. R. PLIMMER, Chem. Rev. 59, 885 
(1959); R. L. Sa'EDMAN, A. P. SWAIN and W. RUSANIWSKYJ, 
Tob. Sci. 6, 1 (1962); A. P. SWAIN, W. RUSANIWSKYJ and R. L. 
STEDMAN, Chem. Ind. 435 (1961). 
'~-Sitosterol has been shown to be a mixture of fl-sitosterol and 
campesterol. M. J. THOMPSON, W. E. ROBmNS and G. L. BAKER~ 
Steroids 2, 505 (1963); I. NISHIOKA, N. IKEKA~,VA, A. YAGI, 
T. t{AWASAKI and T. TSUKAMOTO, Chem. pharni. Bull., Tokyo 13, 
379 (1965). 

8 D. F. JOHNSON, R. D. BEnNEtT and E. HEFTMANN, Science 740, 
198 (1963); R. D. BENNETT, S. T. No and E. HEFTMANN, Phyto- 
chem. 5, 231 (1966); B. A. KNmHTS and W. LAURIE, Phytochem. 
6, 407 (1967); N. DEvYs and M. BARBIER, C. r. hebd. S4ane. 
Acad. Sci., Paris 201, 4901 (1965). 

* See, inter alia, M. F. HOGEL, W. gETTER, H. ANDIER, M. BARBIER 
and E. LEDERER, Phytochem. 3, 7 (1964); P. DUPERON, W. 
gETTER, M. BARBIER, Phytochem. 3, 89 {1964); C. DJERASSI, 
J. C. KNIGHT and H. BROCKMANN JR., Chem. Ber. 97, 3118 (1964); 
J. W. RowE, Phytochem. d, 1 (1965). 

s p. BENVENISTE, L. HIRTH and G. OURISSON reported that the 
sterol fraction from tobacco tissues grown in vitro contained a 
minor constituent (1% or less), the molecular weight of which 
corresponded to that of cholesterol, but conclusive identification 
was not made. Phytochem. 5, 31 (1966). 

6 The tobacco was Hicks variety, government grade B4 LV, flue- 
cured tobacco, harvested and purchased in 1964, and stored in a 
freezer. 
M. Dymicky and R. L. STEDMAN, Tob. Sci. 3, 179 (1959). 

s Percentages are approximate and are given in terms of the un- 
dried leaf. 
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was ch roma tog raphed  on a co lumn of 200-400 mesh  
po lymer  beads (polys tyrene cross-l inked wi th  2% divinyl-  
benzene ~) swollen wi th  benzene.  E lu t ion  was carr ied ou t  
wi th  benzene.  Several  f ract ions were obta ined,  roughly  
in order  of decreasing average  molecular  weight ,  as would  
be expec ted  for this  t y p e  of ch romatography .  

The  ma jo r  f ract ion (0.54%), indica ted  by  ][R-spectra 
to  be a m ix tu r e  of hydrocarbons ,  esters and alcohols, was 
dissolved in hexane  and  adsorbed onto  a silica gel co lumn 
(Davison silica gel, 100-200 mesh, 100:1 weight  ratio).  

Chart 

Ground leaves 

Hexane extract 

Acetone solubles 

Counter-current distribution 
Hexane-acetonitrile 

Least polar fraction 

J 
Gel permeation chromatograph y 

Major fraetio~l 

1 
Silica gel chromatography 

Stern esters 

Saponification 
Gas chromatography 

Cholesterol 

E lu t ion  wi th  hexane  r emoved  hydrocarbons .  Most  of the  
o ther  mater ia l  was r emoved  using g rad ien t  e lut ion f rom 
pure  hexane  to pure  ether.  Two main  bands  were  obtained.  
The  more polar  of these  (0.25 %) was shown to  be solanesol 
by  its mel t ing  po in t  and the  me l t ing  po in t  and  mixed  
mel t ing  po in t  of i ts p -phenylazobenzoyl  ester. IR - spec t r a  
indica ted  the  less polar  f rac t ion (0.11%) to be composed 
of esters.  Separa t ion  of this  f rac t ion and ident i f ica t ion  of 
ind iv idua l  esters was no t  carr ied out.  Ins t ead  the  to ta l  
mate r ia l  was saponif ied to  give an acid f ract ion ( indicated 
by  gas c h r o m a t o g r a p h y  of the  me thy l  esters to  be  a 
m i x t u r e  of C14-Cls f a t t y  acids wi th  palmit ic ,  s tear ic  and 
oleic acids predominat ing)  and an alcohol  fract ion.  The  
l a t t e r  was inseparable  f rom cholesterol  and s t igmasterot  
by  th in  layer c h r o m a t o g r a p h y  on silica gel in 10% acetone-  
hexane.  Gas c h r o m a t o g r a p h y  of the  alcohols as the  di- 
methyls i ly l  e thers  (column of 1% OV-17 on acid washed,  
silanized Chromosorb  W) showed 4 pr incipal  componen t s  
wi th  re la t ive  re ten t ion  t imes  of 0.74, 1.00, 1.09 and 
1.26. These  are qu i te  close to the  re la t ive  re ten t ion  
t imes  repor ted  for t he  t r imethy ls i ly l  e thers  of chol- 
esterol, campesterol ,  s t igmasterol  and fl-sitosterol 
(0.78 : 1.00 : i. 10 : 1.25) ~0. A d m i x t u r e  of genuine cholesterol  
and s t igmasterol  followed by  si lylat ion enhanced the  
peaks assigned to these compounds .  

The  4 major  componen t s  were isolated by  means  of 
p repara t ive  gas c h r o m a t o g r a p h y  of the  d imethyls i ly l  
ethers.  The  collected substances  (each of which gave only 
1 peak  on gas ch romatograms)  were boiled wi th  aqueous  
me thano l  for r emova l  of the  sityl groups and the  free 
alcohols were  ace ty la ted .  Mass spectra  were then  obta ined.  
Comparison of the  mass spec t rum of the  ace ta te  f rom the  
first  peak  wi th  t h a t  of genuine choles teryl  ace ta te  (Figure} 
lef t  no d o u b t  as to its ident i ty ,  The  isolat ion of s t igmas-  
teryl ,  campester~yl and fl-sitosteryl de r iva t ives  is un- 
except ional ,  and  thei r  ident i f icat ion is based on the  gas 
ch romatograph ic  re ten t ion  t imes,  suppor ted  by  mass 
spect ra  of the  isolated aceta tes  which had  M-60 peaks  a t  
M/e 394, 382 and 396, respect ively .  (In con t ras t  to  t he  
wel l -separa ted  cholesterol,  there  was some cross-contami-  
na t ion  among  these 3 sterols.) 

9 Generously provided by the Dow Chemical Company. 
lo A. ROZh~SKb Anal. Chem. 38, 36 (1966). 
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The combina t ion  of coun te r -cur ren t  d i s t r ibu t ion  and 
gel pe rmea t ion  c h r o m a t o g r a p h y n  provides  a conven ien t  
and except ional ly  mild  m e t h o d  for d iv id ing  a complex  
ex t rac t  in to  groups of mater ia ls  which are then  amenab le  
to handl ing  by  more usual  techniques .  In  this  case t he  
sterol esters were separa ted  ra ther  cleanly f rom other  
ester mater ia l  and were con t amina t ed  only by  mater ia l s  
such as solanesol which were easily separable  by  conven-  
t ional  adsorp t ion  ch roma tog raphy .  Analy t ica l  gas chro- 
m a to g raphy  showed t h a t  choles teryl  esters represented  
ca. 5 % of the  phy tos t e ry l  ester  mix tu re .  Thus ' these  esters 
represent  abou t  0.005% of the  weight  of the  tobacco  ~-. 

Zusammen/assung. Nach  Hydro lyse  wurde  Cholesterol  
yon einem Stero les te r -Bruchte i l  aus  dem ~dlue-cured, 
Tabak  isoliert  und massenspekt romet r i sch  sein Ace ta t -  
Der iva t  e inwandfre i  festgestell t ,  obwohl  die einzelnen 
Es ter  yon  Cholesterol  im T a b a k  n ich t  gereinigt  oder  
ident i f iz ier t  wurden.  Zur  Isol ierung wurden  die Zwei- 
S tu fen-Gegens t romver te i lung  und die Gel -Permeat ions-  
chromatograph ie  verwendet ,  2 b rauchbare  und  wenig 
aggressive Methoden  zur  Auf te i lung  eines komplexen  Ex-  

t rak tes  in Mater ia lgruppen  und nachfolgender  gew6hn-  
l icher ch romatograph i scher  Bearbei tung.  

C. E.  COOK, MARGARtgT E. TWINE 
and M. E.  WALL 

Chemistry and Life Sciences Laboratory, Research 
Triangle Institute, Research Triangle Park 
(N. Carolina 27709, USA}, 70 Ju ly  7967. 

n Gel permeation chromatography on polystyrenc-divinyl benzene 
polymers has been applied chiefly to polymer mixtures [J. C. 
Moore, J. Poly. Sci. 2,'1,835 (1964)]. An example of its application 
to Iipids has been recorded by C. L. TIPTOrL J. W. PatrLIS and 
M. D. PIERSON, J. Chromat. 14, 486 (1964). We thank Dr. TIeTON 
for helpful correspondence. 

i~ A report of work done under contrhct with the U.S. Department 
of Agriculture and authorized by the Research and Marketing Act 
of 1946. The contract is being supervised by the Eastern Utiliza- 
tion Research and Development Division of the Agricultural 
Research Service. Mass spectra were obtained by Dr. MAUr~teE 
BVRSEY of the University of North Carolina. 

Chemical Investigation of Pluchea  lanceolata  I. 
Isolation of a New Quaternary Base, Pluchine 

Pluchea lanceolata, Linn.  (N.O. Composi tae)  (Sanskri t ,  
Hindi ,  Mara th i  : Rasna; Gujera t i :  Rashna;Bon:bay: Kura, 
SEnna) is a small  shrub growing wild in t he  ho t t e r  pa r t s  
of India ,  and is used in the  Ayurved ic  sys tem of medic ine  
in var ious  clinical condit ions.  I t  is used as a bi t ter ,  a 
laxa t ive ,  an  analgestic,  an an t ipyre t i c  and a ne rve  tonic,  
and for the  t r e a t m e n t  of rheumat i sm,  dyspepsia  and 
bronchi t i s : .  P re l imina ry  pharmacologica l  inves t iga t ions  
wi th  the  water -soluble  f ract ion of the  e thanol ic  ex t r ac t  of 
the whole p lan t  of P .  lanceoIa ta  was done by PRASAD et  
al.~,z Deta i led  chemical  inves t iga t ion  of P. lanceotata was, 
therefore,  unde r t aken  to  isolate  the  ac t ive  principles.  The  
pe t ro leum e ther  ex t r ac t  of P. lanceolata, on saponif ica t ion 
with  s t rong  alkali ,  ex t rac t ion  wi th  ether,  c h r o m a t o g r a p h y  
on a lumin ium oxide  (BRocKNANN) by  elut ion wi th  differ- 
en t  solvents,  y ie lded the  following compounds :  (1) Com- 
pound  A, m.p.  92-93 °C (small yield). (2) Con:pound t3, 
long needles, m.p.  217-221°C, [ e l ~ +  89.2 (CHCla). 
Analysis a found:  C, 83.79, 84,05; H, 11.52, 11.60. Calc. 
for C3oHsoO: C, 84.44; H,  11.81. Acetate, m.p. 238-242°C, 
[ e ] ~  + 91.5, + 95.2 (CHC13). Analysis found:  C, 83.79; 
I-I, 11.31. Calc. for C30H400. CO.CH3: C, 82.05; H,  11.11. 

In  the  LIEBERMAN N-BU RCHARD CO1OUr react ion,  the  inter-  
face tu rned  vio le t  to  brown, and chloroform layer  tu rned  
pink on s tanding.  No  blue or  green shade was obta ined,  
indicat ing t h a t  c o m p o u n d - B  is not  a sterol  b u t  a t r i ter-  
penoid.  Compound  B has no UV-absorp t ion  be tween  
220-340 nm, and  has  main  IR-abso rp t ion  peaks  (Nuiot) 
at  3.05 (m), 9.6 (m), 10.3 (m) and 11,42 (S) microns 
(Figure 1, sample  V-25-1)n. I t  is p robab ly  Taraxas te ro l  ". 

(3) Compound  C, m.p. 147_150oc, [e]~)0 - 2 7 . 2 5 .  
26.05 (CHCls). Analysis  found:  C, 84.06, 84.15; H,  

11.54, 11.74; mol. wt.  374, 362. Calc. Ior CzDHs00: C, 
83.99; H, 12,15; tool. wt.  414.69. Acetate, m.p. 130-132 °C, 
[~3~0 _ 47.5 (CHCla). Analysis  found:  C, 81.39, 81.61; 
I-t, 10.86, 10.76; tool. wt.  385. Benzoate, m.p. 149-150°C;  
[x]~0 _ 19.68 (CHC13). Analysis  found:  C, 83.59, 83.43; 

H, 10.17, 10.19; mol. wt. ,  443. Compound  C has  no UV- 
absorp t ion  be tween  220-340 nm. I t  has  main  IR-abso rp -  
t ion  peaks  (Nujol) a t  2.98 (S), 9.42 (S), 9.77 (m), 10.32 (m) 
and 12.5 (m)/z  (Figure  2, sample  V-24-1), gives a pos i t ive  
LIEBEgMANN--BIJRCraARD reac t ion  (blue to  green), and  is 
p robab ly  ~,-sitosteroI r. 

The  totM steroidal  and te rpenoida t  f rac t ion  has been 
found by  PRASAD s tO h a v e  no s ignif icant  an t i i n f l amma-  
to ry  ac t i v i t y  when tes ted by  the  car ragenin  method .  

Af te r  pe t ro leum e ther  ex t rac t ion ,  P. lanceotata was 
ex t rac ted  exhaus t ive ly  wi th  e thano l  by  cold percolat ion.  
The  so lven t  free ex t r ac t  was ex t r ac t ed  wi th  d i lu te  hydro -  
chloric acid. The  acidic ex t r ac t  was found to conta in  
v e r y  l i t t le  t e r t i a ry  bases, as tes ted  by  MAYER'S reagen t  
and pape r  ch romatography ,  b u t  con ta ined  considerable  
amoun t s  of water -soluble  q u a t e r n a r y  bases which  were 
prec ip i ta ted  b y  a m m o n i u m  reineckate .  The  base rein-  
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