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Department o f  P1 ant  Sciences , Texas A&M U n i v e r s i t y  
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N a t i o n a l  Cot ton Pathology Research Labora tory  and V e t e r i n a r y  

ABSTRACT 

L a c i n i l e n e  C 7-methyl ether, l a c i n i l e n e  and t h e i r  cadalene 
precursors  were e x t r a c t e d  f rom d r i e d  green and senescent c o t t o n  
b r a c t s  w i t h  methanol-acetone (8:2, v / v ) .  P r e l i m i n a r y  separa t ion  
o f  the  concentrated e x t r a c t  was e f f e c t e d  w i t h  s i l i c a  and reverse  
phase SEP-PAK c a r t r i d g e s .  The f i n a l  e lua te ,  c o n t a i n i n g  t h e  f o u r  
compounds, was separated on a Supe lcos i l  LC-C HPLC column 
us ing  a mob i le  phase c o n s i s t i n g  o f  aceton#?r i le-methanol -  
isopropanol -water  (45:13:2:40, v / v ) .  The observed amounts o f  t h e  
methy l  e t h e r  never exceeded 60 ppm, which was s u s t a n t i a l l y  lower 
t h a n  p r e v i o u s l y  r e p o r t e d  b y  o thers .  These de terminat ions  were 
unaf fec ted  b y  the  method o f  t i s s u e  p r e p a r a t i o n  and d i e t h y l  e t h e r  
was no t  as e f f e c t i v e  as an e x t r a c t i o n  so lvent  as methanol-acetone 
(8:2, v / v ) .  The r e p o r t e d  procedure may be a p p l i c a b l e  t o  t h e  
s imul taneous q u a n t i f i c a t i o n  o f  t h e  two l a c i n i l e n e s  and t h e i r  
cadalene precursors.  

INTRODUCTION - 
The sesqui terpene l a c i n i l e n e  C 7-methyl e ther  (LCME), a 

n a t u r a l  product  o f  the  c o t t o n  p l a n t  (Gossypium sps.) has been 
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9 18 GREENBUTT AND BEIER 

proposed as a possible cause of byssinosis,  an occupational 
r e sp i r a to ry  d isease  a f f ec t ing  some cotton mill workers (1). The 
unmethylated compound, l ac in i l ene  ( L C ) ,  and i t s  metabolic 
precursor,  ZY7-dihydroxycadalene ( D H C )  , have recent ly  been shown 
t o  act as phytoalexins capable of i n h i b i t i n g  bac te r ia l  b l i g h t  o f  

cotton caused by Xanthomonas malvacearum ( 2 ) .  These th ree  
compounds p l u s  2-hydroxy-7-methoxycadalene ( H M C )  , the  
sesquiterpenoid napthol precursor of LCME ( F i g .  1) , have been 
i so l a t ed  and iden t i f i ed  in both green and f i e l d  dried senescent 
cotton brac ts  ( 3 , 4 ) .  

quan t i t a t ive ly  ex t r ac t  and or pur i fy  i n  mg amounts. T h i s  i s  
understandable fo r  the  two napthol precursors since they r ap id ly  
autoxidize on s i l i c a  gel t o  form the lac in i lenes  ( 4 ) .  I t  i s  not 
so simple t o  r a t i o n a l i z e  the problem associated w i t h  t he  
quan t i t a t ive  ex t rac t ion  of the l ac in i l enes .  

Recent repor t s  ind ica te  t h a t  quan t i t a t ive  ex t rac t ion  of 
LCME could be obtained by using a long term (2-7 days) e the r  
soxhlet technique followed by d i r e c t  reso lu t ion  of the  
concentrated e ther  ex t r ac t  with normal phase H P L C  (5,6). The 
quan t i t i e s  reported i n  various brac t ,  gin t rash  and d u s t  samples 
varied from 14 t o  500 ppm. I t  was also reported t h a t  LCME was 

The lac in i lenes  and t h e i r  precursors have been d i f f i c u l t  t o  

(LC) R = H 

(LCME) R =  Me 

(DHC) R = H 

(HMC) R = M e  

FIGURE 1 .  Lacinilene C ( L C )  , 2,7-Dihydroxycadalene ( D H C )  , 
Lacini lene C 7-methyl e the r  (LCME)  , and 2-Hydroxy-7-methoxy- 
cadalene (HMC) . 
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LACINILENE C 7-METHYL ETHER 919 

hea t  l a b i l e  - i n  -- s i t u  and t h a t  t i s s u e  prepared i n  a Wi ley  m i l l  
con ta ined  a p p r e c i a b l y  l e s s  LCME t h a n  those prepared b y  g r i n d i n g  i n  

l i q u i d  N2 o r  d r y  i c e .  

We have p r e v i o u s l y  developed an expedient  s e m i - q u a n t i t a t i v e  

method f o r  o b t a i n i n g  a l l  f o u r  compounds f rom aqueous b r a c t  

e x t r a c t s  ( 7 ) .  The e x t r a c t  was pumped w i t h  a p e r i s t a l t i c  pump 

th rough  a r e v e r s e  phase SEP-PAK. The f o u r  compounds were adsorbed 

b y  t h e  packing, subsequent ly  e l u t e d  and r e s o l v e d  us ins  r e v e r s e  

phase HPLC. Dur ing  t h i s  work, it was apparent t h a t  our  va lues 

were c o n s i d e r a b l y  l ower  than  those r e p o r t e d  by o t h e r  workers us ing  

t h e  e t h e r  e x t r a c t i o n  techn ique  ( 5 )  . 
We now r e p o r t  on a new e x t r a c t i o n  techn ique  f o r  LC, LCME, DHC 

and HMC and i n c l u d e  a q u a n t i t a t i v e  measure o f  endogenous l e v e l s  o f  

LCME. The f i n a l  HPLC s tep  remarkably  enhances the  r e s o l u t i o n  o f  

t h e  f o u r  compounds and c o n s i d e r a b l y  shor tens the  a n a l y s i s  t i m e  as 

compared t o  our  p r e v i o u s  work. Our de te rm ina t ions  o f  LCME 

c o n c e n t r a t i o n s  are unchanged f rom o u r  p rev ious  q u a l i t a t i v e  

obse rva t i ons .  Also, we were unable t o  observe any d e t r i m e n t a l  

e f f e c t  o f  heat  on t h e  amount o f  e x t r a c t a b l e  LCME. 

MATERIALS AND INSTRUMENTATION 

SEP-PAK s i l i c a  and r e v e r s e  phase c a r t r i d g e s  were ob ta ined  

f rom Waters Assoc ia tes  ( 8 ) .  Chromatographic s o l v e n t s  were e i t h e r  

HPLC grade o r  d i s t i l l e d  A.C.S. grade f i l t e r e d  through a 0.2 wn 
M i l l i p o r e  f i l t e r .  A Tracor  Ins t rumen ts  #950 h i g h  p ressu re  pump 

was used t o  d e l i v e r  t h e  s o l v e n t  t h rough  a 4.6 mm x 15 cm 

S u p e l c o s i l  LC-18 column (Supelco, I n c . ) .  Samples were i n t r o d u c e d  

v i a  i n j e c t o r  model 7120 (Rheodyne, Inc . ) ,  f i t t e d  w i t h  a 20 v l  

l oop .  Column e f f l u e n t  was mon i to red  a t  250 nm w i t h  a T raco r  970A 

v a r i  ab le-wavelength d e t e c t o r  and reco rded  w i t h  a Hewlet t -Packard 

3380A i n t e g r a t o r  . 

METHODS 

A l l  procedures were conducted i n  subdued l i g h t .  D r i e d  green 

c o t t o n  b r a c t s  (Gossypium h i r s u t u m  c u l t i v a r  S t o n e v i l l e  256) were 
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9 20 GREENBLATT AND BEIER 

s u p p l i e d  by Cotton, I n c .  (Ra le igh ,  NC). F i e l d  d r i e d  senescent 

b r a c t s  ( c v s .  D e l t a p i n e  16, S t o n e v i l l e  213, Storm P r o f  37 and 

Rogers g l a n d l e s s  6) were c o l l e c t e d  l o c a l l y  from exper imenta l  

p l o t s .  The s tandard cu rve  and e x t r a c t i o n  e f f i c i e n c i e s  were 

ob ta ined  f rom t r i p l i c a t e  samples. 

One gram o f  b r a c t  powder ( W i l e y  m i l l  ground t o  40 mesh) was 

e x t r a c t e d  w i t h  100 m l  o f  methanol-acetone ( 8 : 2 ,  v / v )  a t  room 
temperature f o r  v a r y i n g  amounts o f  t ime .  One-hal f  g samples were 

a l s o  sub jec ted  t o  s o x h l e t  e x t r a c t i o n  w i t h  150 m l  e t h e r  f o r  48 

hours.  Whole b r a c t s  were p u l v e r i z e d  i n  l i q u i d  N2, passed 

th rough  a 20 mesh screen, and heat  t r e a t e d  (1OO0C/15 m in . ) .  One g 

samples o f  t h i s  m a t e r i a l  was a l s o  e x t r a c t e d  w i t h  methanol-acetone 

(8:2, v / v ) .  With a l l  samples, t h e  e x t r a c t i o n  m i x t u r e s  were vacuum 

f i l t e r e d  th rough  Whatman #3 f i l t e r  paper, concen t ra ted  b y  

r o t o e v a p o r a t i o n  (30°C) t o  app rox ima te l y  0.5 m l  - -  i n  vacuo and 

q u a n t i t a t i v e l y  t r a n s f e r r e d  t o  a s i l i c a  SEP-PAK w i t h  t h e  a i d  of 

acetone. The SEP-PAK was d r i e d  w i t h  N2 gas and e l u t e d  w i t h  10 

m l  o f  55% acetone. The acetone was removed by  r o t o e v a p o r a t i o n  

(30°C) and t h e  r e s u l t i n g  aqueous s o l u t i o n  was p laced on a r e v e r s e  

phase SEP-PAK as p r e v i o u s l y  desc r ibed  (7 ) .  An a l i q u o t  (20 v l )  of 
t h e  f i n a l  s o l u t i o n  ( 5  m l )  was i n j e c t e d  on to  t h e  columns which was 

e q u i l l i b r a t e d  wi th  a m o b i l  phase c o n s i s t i n g  o f  

ace ton i  tri 1 e-methanol -i sopropanol -water  (45  : 13: 2 :40 v /v  ) a t  a f l o w  

r a t e  o f  1 ml /min.  A s tandard cu rve  o f  LCME ve rsus  d e t e c t o r  

response was ob ta ined  u s i n g  p r e v i o u s l y  prepared LCME. The p u r i t y  

o f  t h i s  m a t e r i a l  was v e r i f i e d  by  HPLC and mass spect rometry .  

RESULTS 

The s o l v e n t  system o f  MeCN-MeOH-iso-PrOH-H20 (45:13:2:40, 

v / v )  was developed u s i n g  t h e  genera l  concept o f  t h e  Snyder s o l v e n t  

s e l e c t i v i t y  t r i a n g l e  ( 9 ) .  The c r i t e r i a  f o r  s e l e c t i n g  an 

a p p r o p r i a t e  system were 1 )  t o  adequate ly  r e s o l v e  LC from DHC, 

2 )  t o  i nc rease  peak sharpness o f  HMC, and 3) t o  reduce a n a l y s i s  

t ime .  Th is  approach r e s u l t e d  i n  t h e  development o f  an i s o c r a t i c  

s o l v e n t  system capable o f  r e s o l v i n g  t h e  f o u r  compounds i n  under 15 
m i n  ( F i g .  2 ) .  
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FIGURE 2 .  A r e p r e s e n t a t i v e  HPLC chromatogram o f  l a c i n i l e n e  C (A), 

2,7-dihydroxycadalene (B) ,  l a c i l i l e n e  C 7-methyl e t h e r  ( C )  and 
2-hydroxy-7-methoxycadalene ( D )  o b t a i n e d  b y  methanol-acetone 
e x t r a c t i o n  (8:2, v / v ) .  

The c a l c u l a t e d  l i n e  o f  bes t  f i t  f o r  t h e  s tandard cu rve  [ y  = 
( x  + 1291.3) 5 1287.41 had a r e g r e s s i o n  c o e f f i c i e n t  o f  0.99 ( F i g .  

3 ) .  The f i n a l  c o n c e n t r a t i o n  (ppm) o f  t h e  1. g sample i s  equal t o  
1 / 4  t imes t h e  c a l c u l a t e d  LCME f rom t h e  above curve.  

The e x t r a c t i o n  e f f i c i e n c y  f o r  LCME and t h e  o t h e r  t h r e e  
compounds was determined b y  e x t r a c t i n g  1 g t i s s u e  w i t h  100 m l  
methanol-acetone (8:2 v / v )  f o r  an extended t i m e  p e r i o d  ( % 3  days) 

w i t h  i n t e r m i t t e n t  work up t o  observe when t h e  e x t r a c t a b l e  amounts 
were l e s s  than 1% o f  t o t a l .  These amounts were then  added 
t o g e t h e r  t o  o b t a i n  a t o t a l  y i e l d  (100%) o f  each compound. A t  16 
h r  t h e  e x t r a c t i o n  e f f i c i e n c y  f o r  LCME was 96%. The o v e r a l l  
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9 22 GKEENBLATT AND BEIER 

1401 

Lacinilene C - 7 - methyl ether (ng) 

FIGURE 3. Standard cu rve  f o r  l a c i n i l e n e  C 7-methyl e t h e r .  

e f f i c i e n c y  o f  t h e  c leanup and a n a l y s i s  technique,  determined b y  a 

work-up o f  a known amount o f  pure LCME f rom methanol-acetone, was 

92 I t 2%. Thus, t h e  combined t o t a l  e f f i c i e n c y  f o r  LCME r e c o v e r y  

f rom b r a c t  was es t ima ted  a t  88%. The e x t r a c t i o n  e f f i c i e n c y  a t  16 

h r  f o r  LC, DHC and HMC was 96%, 99% and 98%, r e s p e c t i v e l y  ( F i g .  

4 ) .  The e x t r a c t a b i l i t y  o f  these f o u r  compounds i n  t h e  methanol- 

acetone s o l v e n t  system was v e r y  e f f i c i e n t  and over  60% e x t r a c t i o n  

o f  a l l  f o u r  were ob ta ined  wi th in  15 min. The e f f i c i e n c y  o f  e t h e r  

e x t r a c t i o n  as compared t o  methanol -acetone e x t r a c t i o n  was 72% 

(LC), 85% (DHC) , 82% (LCME) , and 99% (HMC) . 
Heat l a b i l i t y  o f  t h e  compounds i n  s i t u  was determined us ing 

t h e  heated and non-heated powders prepared f rom whole b r a c t s  

p u l v e r i z e d  i n  l i q u i d  N2. No s u b s t a n t i a l  d i f f e r e n c e s  were 

de tec ted  i n  these  p r e p a r a t i o n s  (Table 1). 
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FIGURE 4. E x t r a c t i o n  e f f i c i e n c y  fo r  l a c i l i n e n e  C ( o ) ,  2,7-di- 

hydroxycadalene ( A ) ,  l a c i l i n e n e  C 7-methyl e t h e r  (A), and 

2- hydroxy-7-methoxyc ada 1 ene (0 ) . 

TABLE 1 

The E f f e c t  o f  Pre-Heat ing T issue on Compound S t a b i l i t y .  

LC DHC LCME HMC 

Wi ley  M i l l  64 87 79 97 

no hea t *  87 91 80 92 

100' C for 15 min* 72 89 79 97 

Samples were e x t r a c t e d  f o r  2 h r s  and va lues  are p e r c e n t  o f  t o t a l .  

*Samples were ground t o  20 mesh s i z e .  
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GREENBUTT AND BEIER 9 2 4  

TABLE 2 

L a c i n i l e n e  C 7-Methy l  E t h e r  Concen t ra t i ons  i n  B rac t  T issue 

f r o m  Se lec ted  C u l t i v a r s .  

- Cul t i  v a r  LCME (PPm) 
S t  256 (green)  55 

DP 16 (senescent)  38 

S t  213 (senescent)  24 

SP 37 (senescent)  7 

G1 6 (senescent)  6 

Using t h e  techn ique  desc r ibed  above, LCME c o n c e n t r a t i o n s  were 

determined i n  f o u r  f i e l d  d r i e d  senescent b r a c t  samples and one 

d r i e d  green sample (Tab le  2 ) .  The green b r a c t  sample con ta ined  

55 ppm o f  LCME. The f i e l d  d r i e d  senescent b r a c t s  froin DP 16 and 

S t  213 c o n t a i n e d  70 and 43 p e r c e n t  o f  t h i s  amount, r e s p e c t i v e l y .  

The Texas cv SP 37 con ta ined  s u b s t a n t i a l l y  l ess ;  i t  was o n l y  

s l i g h t l y  h i g h e r  t h a n  t h e  g l a n d l e s s  Rogers G1 6. 

DISCUSSION 

Methanol-acetone (8:2, v / v )  i s  an e f f i c i e n t  e x t r a c t i n g  

s o l v e n t  f o r  bo th  t h e  l a c i n i l e n e s  and t h e  cadalenes. Long te rm 

e t h e r  r e f l u x i n g  o f f e r s  no r e a l  advantage f o r  e x t r a c t i n g  these 
compounds. 

Our method o f  sample p r e p a r a t i o n  c l e a r l y  i s  no t  as s imple as 
t h e  d i r e c t  i n j e c t i o n  o f  a concen t ra ted  e t h e r  e x t r a c t  onto t h e  

column as r e p o r t e d  by  o t h e r s  (5,6). However, our  method does 

o f f e r  a number o f  impor tan t  p r a c t i c a l  advantages. The UV 

t ransparency  o f  t h e  f i n a l  p r e p a r a t i o n  a1 lows compound d e t e c t i o n  a t  

a compromise wavelength c l o s e  t o  t h e  e x t i n c t i o n  maximums o f  t h e  

l a c i n i l e n e s  and cadalenes. T h i s  enhances s e n s i t i v i t y  f o r  t h e  
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LACINILENE C 7-METHYL ETHER 925 

l a c i n i  lenes by approx ima te l y  t w o - f o l d  and f o r  t h e  cadalenes by  

approx ima te l y  e i g h t - f o l d  over  e a r l i e r  techniques (5,6). The 

r e v e r s e  phase system a l s o  e x h i b i t s  h i g h l y  c o n s i s t e n t  r e t e n t i o n  

t i m e s  f o r  each o f  t h e  f o u r  compounds and does n o t  r e q u i r e  any 

washing between a n a l y t i c a l  runs .  

Our r e s u l t s  i n d i c a t e  t h a t  LCME occu rs  i n  c o t t o n  b r a c t  t i s s u e  

i n  c o n c e n t r a t i o n s  l e s s  than  60 pprn. These d a t a  are i n  agreement 

w i t h  our pas t  l a r g e  s c a l e  e x t r a c t i o n s  us ing  water, e t h e r  o r  

methanol-acetone. We cou ld  n o t  c o n f i r m  t h e  r e p o r t  ( 5 )  t h a t  LCME 

c o n c e n t r a t i o n s  i n  b r a c t  t i s s u e  approached 500 pprn. We were a l s o  

unable t o  demonstrate t h e  d e t r i m e n t a l  e f f e c t  o f  heat  on LCME 

l a b i l i t y  -- i n  s i t u  as p r e v i o u s l y  r e p o r t e d  ( 5 ) .  
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