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A NOVEL SOLVENT SPRATEGY FOR SEP-PAK Cia 
ELUTION OF HYDROPHOBIC COMPOUNDS: APPLICATIONS TO 

LACINILENES AND CADALENES FROM COTTON BRACr 

1 Ross C. Beier 

N a t i o n a l  Co t ton  Pathology Research Labora to ry ,  USDA, SEA-AR 
P.O. Drawer J F  

College S t a t i o n ,  TX 77841 

Gerald A. G r e e n b l a t t  

Department o f  P l a n t  Sc iences ,  Texas A&M U n i v e r s i t y  
Col lege S t a t i o n ,  TX 77843 

ABSTRACT 

L a c i n i l e n e  C 7-methyl e t h e r  (an impl i ca t ed  c a u s a t i v e  agen t  of 
b y s s i n o s i s ) ,  l a c i n i l e n e  C,  and t h e i r  immediate cada lene  p r e c u r s o r s  
were e x t r a c t e d  from d r i e d  g reen  c o t t o n  b r a c t s  i n t o  water. These 
compounds were then  q u a n t i t a t i v e l y  adsorbed from w a t e r  and 
c o n c e n t r a t e d  on SEP-PAK C18 C a r t r i d g e s .  The l a c i n i l e n e s ,  and 
t h e i r  cadalene p r e c u r s o r s  were t h e n  s e p a r a t e d  on a PBONDAPAK 
C18 column. A new sample p r e p a r a t i o n  s t r a t e g y  f o r  SEP-PAK 
C18 C a r t r i d g e s  was developed,  i n  which t h e  loaded C a r t r i d g e  
was d r i e d  with N2 g a s  and e l u t e d  wi th  t h e  most non-polar s o l v e n t  
t h a t  would t o t a l l y  r e l e a s e  t h e  compound(s) i n  q u e s t i o n .  
Consequent ly ,  due t o  i n s o l u b i l i t y ,  many adsorbed u n d e s i r a b l e  
compounds were not  e l u t e d .  T h i s  s t r a t e g y  is  h i g h l y  s e l e c t i v e  and 
a l l o w s  f o r  a qu ick ,  conven ien t ,  y e t  q u a n t i t a t i v e  r ecove ry ,  and 
shou ld  have wide a p p l i c a b i l i t y  t o  t h e  i s o l a t i o n  of hydrophobic 
compounds. 

INTRODUD I O N  

B y s s i n o s i s ,  a n  o c c u p a t i o n a l  r e s p i r a t o r y  d i s e a s e  t h a t  

a f f e c t s  some c o t t o n  mill workers ,  is a p p a r e n t l y  caused by t h e  

i n h a l a t i o n  of d u s t  gene ra t ed  du r ing  f i b e r  p rocess ing .  L a c i n i l e n e  

C 7-methyl e t h e r ,  (C ) ,  has been i m p l i c a t e d  as one component i n  
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516 BEIER AND GREENBLATT 

d u s t  capable  of caus ing  t h e  d i s e a s e  (2,3). T h i s  compound, 

l a c i n i l e n e  C,  (A), and t h e i r  immediate b i o s y n t h e t i c  p r e c u r s o r s ,  

2-hydroxy-7-methoxycadalene, ( D ) ,  and 2,7-dihydroxycadalene,  (i), 
(F igu re  11, have been i s o l a t e d  from c o t t o n  b r a c t s  and 

c h a r a c t e r i z e d  ( 4 , s ) .  The cada lenes  can a l s o  be cons ide red  as 

p o s s i b l e  b y s s i n o t i c  c a u s a t i v e s  because of t h e i r  p o t e n t i a l l y  h igh  

chemical  r e a c t i v i t y .  The b iosyn theses  of both A and have been 

induced i n  t h e  c o t t o n  p l an t  by i n f e c t i o n ,  and t h e  l a t t e r  compound 

i s  a po ten t  b a c t e r i o c i d e  ( 6 ) .  

A r e l i a b l e  d e t e c t i o n  method and p r e p a r a t i v e  scheme was 

r e q u i r e d  be fo re  i n i t i a t i n g  an i n t e n s i v e  s tudy  of t h e s e  compounds. 

P r e v i o u s l y ,  G i l b e r t  e t  a l .  ( 7 )  i n d i c a t e d  t h a t  HPLC us ing  a 

IJBONDAF'AK c i8  (8 )  column cou ld  be used t o  s e p a r a t e  C from 

o t h e r  components i s o l a t e d  from p r e p a r a t i v e  t h i n - l a y e r  p l a t e s .  

Wall  et  a l .  ( 9 )  a t t empted  r e v e r s e  phase HPLC f o r  t h e  s e p a r a t i o n  of 

- C but  maintained t h a t  " i ts  r e s i d e n c e  time on a C18  column (6 

h r )  was too long and al lowed decomposition." They then used 

s i l i c a ,  normal phase,  and i n j e c t e d  crude e t h e r  extracts d i r e c t l y  

on t o  the  column. Although t h e i r  system was very s imple,  i t  

l acked  s e l e c t i v i t y  s i n c e  "a conven t iona l  column d i s p l a y e d  va ry ing  

s o l v e n t  synergism e f f e c t s "  (9,101. They had t o  s p i k e  each sample 

w i t h  t h e  known t o  de t e rmine  which peak corresponded t o  2. 
T h e r e f o r e ,  w e  decided t o  i n v e s t i g a t e  o t h e r  methods t o  r e s o l v e  t h e  

compounds. 

(A) R = H (g)  R = H 

(C) R = M e  (g) R = Me 

FIGURE 1. L a c i n i l e n e  C (A),  2,7-Dihydroxycadalene (B), L a c i n i l e n e  
C 7-methyl e t h e r  (21, and 2-Hydroxy-7-methoxycadalene (g) .  
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SEP-PAK C I 8  ELUTION OF HYDROPHOBIC COMPOUNDS 517 

Wall e t  a l .  ( 9 )  d e s c r i b e d  C as be ing  i n s o l u b l e  i n  water; 

houeve r ,  t h e i r  d a t a  showed t h a t  C has  some water s o l u b i l i t y .  

F u r t h e r ,  A and C were p r e v i o u s l y  i s o l a t e d  from c o t t o n  b r a c t s ,  f o r  

p r e p a r a t i v e  work, by e x t r a c t i o n  w i t h  water fo l lowed  by p a r t i t i o n -  

i n g  i n t o  ether ( 4 ) .  Because t h e  l a c i n i l e n e s  and c a d a l e n e s  are 

o n l y  s l i g h t l y  s o l u b l e  i n  water, t h e  e x t r a c t i o n  p rocedure  becomes 

a n  enormous t a sk .  T h e r e f o r e ,  a s imple  method f o r  e x t r a c t i n g  t h e s e  

compounds from aqueous s o l u t i o n s  was needed. 

Var ious  hydrophobic  compounds have been e x t r a c t e d  from 

aqueous  s o l u t i o n s  wi th  the  use of SEP-PAK C18 C a r t r i d g e s  (11) .  

P r e s e n t l y ,  the sample p r e p a r a t i o n  s t r a t e g y  c o n s i s t s  of e l u t i n g  t h e  

l o a d e d  C a r t r i d g e  wi th  s u c c e s s i v e l y  less p o l a r  s o l v e n t s  u n t i l  t h e  

compound(s) of i n t e r e s t  is removed. 

I n  t h i s  pape r ,  we demons t r a t ed  t h a t  A and C can  be a lmos t  

q u a n t i t a t i v e l y  e x t r a c t e d  w i t h  water from d r i e d  g r e e n  c o t t o n  

b r a c t s .  SEP-PAK C18 C a r t r i d g e s  c a n  t h e n  be used to  

q u a n t i t a t i v e l y  e x t r a c t  and c o n c e n t r a t e  t h e s e  compounds and t h e i r  

immediate  p r e c u r s o r s  from aqueous s o l u t i o n s .  F u r t h e r ,  w e  have 

u t i l i z e d  an a l t e r n a t i v e  sample p r e p a r a t i o n  s t r a t e g y  t h a t  c o n s i s t s  

o f  f i r s t  e l u t i n g  t h e  loaded C a r t r i d g e  with t h e  mst non-polar 

s o l v e n t  a p p l i c a b l e  u n t i l  t h e  compound(s) of i n t e r e s t  is  removed. 

T h i s  method markedly enhances s e l e c t i v i t y  d u r i n g  e l u t i o n  of 

SEP-PAK C18 C a r t r i d g e s .  We have a l s o  shown t h a t  a pBONDAPAK 

C18 column can be used ,  w i t h  e x c e l l e n t  r e p r o d u c i b i l i t y ,  f o r  

s e p a r a t i n g  t h e  l a c i n i l e n e s  and t h e i r  immediate p r e c u r s o r s .  

MATERIALS AND INSTRUMENTATION 

SEP-PAK C18 C a r t r i d g e s  were o b t a i n e d  from Waters 

A s s o c i a t e s ,  Inc. Aqueous s o l u t i o n s  were pumped t h r o u g h  t h e  

C a r t r i d g e s  w i t h  a 4-channel  Buchler  P o l y s t a l t i c  Pump. S o l v e n t s  

u s e d  f o r  HPLC were d i s t i l l e d  C e r t i f i e d  A.C.S. g r a d e  f i l t e r e d  

t h r o u g h  0.2 pm M i l l i p o r e  f i l t e r s .  A 950 Chromatographic  Pump 

( T r a c o r  I n s t r u m e n t s )  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 3.9 

mm I D  x 30 cm pBONDAPAK C 1 8  column (Waters A s s o c i a t e s ,  I n c . ) .  

Samples were i n t r o d u c e d  v i a  a 20  1.11 l oop  i n j e c t o r ,  Model 7120 
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518 BEIER AND GREENBLATT 

(Rheodyne Inc . ) .  Column e f f l u e n t  was monitored by a Tracor  970A 

d e t e c t o r  a t  250 nm, and recorded with a Wewlett-Packard 3380A 

I n t e g r a t o r  or an OmniScribe recorder  (Houston Ins t rument ) .  

S i l i c a - g e l  ( S i l i c a r  TLC-7G) was obtained from Mal l inckrodt ,  

Inc .  

METHODS .~ 

A l l  procedures were conducted i n  minimum l i g h t  condi t ions .  

Dried green c o t t o n  b r a c t s ,  c u l t i v a r  S t o n e v i l l e  256, were used 

throughout t h i s  study. E x t r a c t s  were prepared by s t i r r i n g  over- 

n i g h t  (16 h r ) ,  40 mesh co t ton  brac t  powder (0.5 g )  and o x a l i c  a c i d  

(30 mg) i n  d i s t i l l e d  water ( 1  l i t e r ) .  S o l i d s  were removed by 

s u c t i o n  f i l t r a t i o n  through Whatman No. 3 f i l t e r  paper. The 

f i l t r a t e  was brought t o  10% s a t u r a t i o n  wi th  N a C l  and pumped (10 

ml/min) through a SEP-PAK C18 C a r t r i d g e  previous ly  washed 

s tepwise with methanol (2 ml) and water (5  ml). Two d i s t i l l e d  

water  washes (20 ml) were a l s o  pumped through the  Car t r idge .  The 

C a r t r i d g e  was then dr ied  wi th  a stream of N 2  (10 p s i  f o r  10 

min), and e l u t e d  with n-hexanelacetone (85: lS v / v ,  8 ml). 

Methanol/water (85:15 v /v ,  0.5 ml) was added t o  t h e  

n-hexanelacetone e l u a t e ,  and t h e  n-hexanefacetone was removed by 

r o t a r y  evaporat ion (3OOC). The r e s u l t i n g  s o l u t i o n  was then passed 

through another  prewashed C18 C a r t r i d g e  followed by r i n s i n g  

with 85% methanol i n  water ( 3  x 0.25 nl). A l l  f r a c t i o n s  passed 

through the  second Car t r idge  were c o l l e c t e d  i n  a 5 ml volumetr ic  

f l a s k .  A f i n a l  Car t r idge  wash with s u f f i c i e n t  85% methanol t o  

f i l l  t h e  volumetr ic  f l a s k  removed the  compounds. T h i s  s o l u t i o n  

was d i r e c t l y  i n j e c t e d  onto a uBONDAPAK C18 column being pumped 

with methanol/water (67:33 v / v )  a t  a flow r a t e  of 0.8 ml/min. The 

flow r a t e  was increased t o  1.8 ml/min a f t e r  C had been completely 

e l u t e d .  Samples were a l s o  two-dimensionally chromatographed on 

s i l i c a - g e l  (0.5 mm l a y e r s )  w i t h  benzene/methanol (95:s  v / v ) ;  A, 
hRf = 19;  B, hRf = 30; 5, hRf = 58; - D ,  hRf = 68, and 

d i e t h y l  ether/n-hexane (50:50 v / v ) ;  A, hRf = 39; B, hRf = 57; 

C, hRf = 61; g, hRf = 71.  A and C were v i s u a l i z e d  by long 
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SEP-PAK C I 8  ELUTION OF HYDROPHOBIC COMPOUNDS 519 

wave UV. T h e i r  immediate precursors  were v i s u a l i z e d  i n  t h e  same 

manner a f t e r  hea t ing  (100°C f o r  10 min) t h e  TLC p l a t e s  (12). 

RESULTS AND DISCUSSION 

I n  t h e  process  of e x t r a c t i n g  f r e e z e  d r i e d  o r  a i r  d r i e d  

c o t t o n  b r a c t s  with water, we found a d i s t i n c t  d i f f e r e n c e  between 

e x t r a c t s  i n  regard t o  the  r e l a t i v e  amounts of A and i ts  immediate 

p r e c u r s o r ,  2. I t  appeared t h a t  was being converted t o  A. We 

at tempted t o  prevent  t h i s  conversion by adding v a r i o u s  compounds 

dur ing  e x t r a c t i o n  (sodium a z i d e ,  sodium b i s u l f i t e  and o x a l i c  

a c i d ) .  Sodium az ide  or  sodium b i s u l f i t e  had no e f f e c t ;  however, 

o x a l i c  a c i d  appeared t o  s top  the  conversion. The r a t i o s  of (B) t o  

(4) and (2) t o  (c) demonstrate t h e  conversion of i n  t h e  absence 

of o x a l i c  a c i d  (Table 1). 

Based upon t h e  complete e x t r a c t i o n  of these  f o u r  compounds 

wi th  methanol/acetone (80:20 v / v ) ( 1 3 ) ,  e x t r a c t i o n  e f f i c i e n c i e s  

have been determined (Table 1). Since approximately 80% of com- 

pounds 4, B, and C were removed with water, t h i s  appears  t o  be a 

s imple,  expedient  method t o  i s o l a t e  s u f f i c i e n t  q u a n t i t i e s  of 

TABLE 1 

E x t r a c t i o n  E f f i c i e n c y  f o r  Lac in i lene  C (A), 2,7-Dihydroxy- 
cada lene  (B), L a c i n i l e n e  C 7-Methyl Ether  (C), and 2-Hydroxy-7- 
methoxycadalene (g)  from 0.5 g Dried Green Bract Powder (40 mesh) 
i n  Water (1 l i t e r )  f o r  16 h r s  ( n  = 3 o r  4 E x t r a c t i o n s ) .  

EXTRACTlON EFFICIENCY (%) EFFICIENCY 
RATIOS 

o x a l i c  a c i d  
(30 mg/L) A B C D B / A  D / C  

79+8 76+6 - 78210 31+4 - 0.96 0.39 - + 

- 148+? 27+4 92+4 39+6 0.18 0.42 - - - - 

+ h i s  l a r g e  percentage r e f l e c t s  chemical conversion from B to 
A .  
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520 BEIER AND GREENBTATT 

t h e s e  compounds f o r  b i o l o g i c a l  t e s t i n g .  Compound g, however, was 

n o t  e f f i c i e n t l y  removed by wa te r  e x t r a c t i o n .  

SEP-PAK c18 C a r t r i d g e s  were used t o  e x t r a c t  and concen- 

t ra te  compounds A, 4, 5, and D from water e x t r a c t s .  By using 

tandem C a r t r i d g e s ,  a second C a r t r i d g e  connected t o  t h e  f i r s t  w i th  

a g l a s s  tube ( 4  mm O D ) ,  no leakage was observed from t h e  f i r s t  

C a r t r i d g e  when a 1 l i t e r  e x t r a c t  from 2 g of b r a c t  powder was 

processed.  F u r t h e r ,  t he  l a c i n i l e n e s  and cada lenes  from a n  e x t r a c t  

of 114 g b r a c t  powder i n  4 l i t e r s  of wa te r  e x h i b i t e d  no leakage i n  

t h e  tandem system. 

The normal sample p r e p a r a t i o n  s t r a t e g y  f o r  SEP-PAK C18 

C a r t r i d g e s  u t i l i z e s  p o l a r  s o l v e n t s  to remove h i g h  p o l a r i t y  

compounds. Systems of dec reas ing  p o l a r i t y  are t h e n  used t o  remove 

o t h e r  adsorbed compounds. T h i s  can, and o f t e n  does,  r e s u l t  i n  t h e  

e l u t i o n  of a s u b s t a n t i a l  number of i m p u r i t i e s  a long  w i t h  t h e  

d e s i r e d  compound. Our p r e p a r a t i o n  s t r a t e g y  was dev i sed  t o  improve 

e l u t i o n  s e l e c t i v i t y ,  r e s u l t i n g  i n  g r e a t e r  f r a c t i o n a t i o n  (Table 

2 ) .  

TABLE 2 

O u t l i n e  of t h e  New Sample P r e p a r a t i o n  S t r a t e g y  f o r  SEP-PAK 
C 1 8  C a r t r i d g e s .  

NEW SAMPLE PREPARATION STRATEGY 

1 The sample is  adsorbed onto t h e  c18 C a r t r i d g e  from an 
aqueous s o l u t i o n .  

2 The C a r t r i d g e  i s  d r i e d  i n  a stream of N2 g a s  (10 p s i  f o r  
10 min). 

3 The compound(s) of i n t e r e s t  i s  removed by washing t h e  
C a r t r i d g e  wi th  t h e  most non-polar s o l v e n t  a p p l i c a b l e .  
Most wa te r  s o l u b l e  compounds a r e  r e t a i n e d .  

4 The s o l v e n t  p o l a r i t y  can then be i n c r e a s e d  ta e l u t e  o t h e r  
compounds. 
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SEP-PAK C18 ELUTION OF HYDROPHOBIC COMPOUNDS 521 

TABLE 3 

Solvents  Used f o r  E l u t i o n  of SEP-PAK c18 C a r t r i d g e s  by 
t h e  New Sample Prepara t ion  S t r a t e g y ;  from n-Hexane t o  Methanol by 
I ncr  e a s  ing  P o l a r i t y  . 

ELUTION SOLVENTS 

n-hexane < n-hexane/acetonea < acetone < 
acetone/methanola < methanol 

%he so lvent  r a t i o  is  dependent upon t h e  i n d i v i d u a l  a p p l i c a -  
t ion.  

T h i s  s t r a t e g y  not only takes  advantage of t h e  c18 C a r t r i d g e s  

a b i l i t y  t o  q u a n t i t a t i v e l y  adsorb  and c o n c e n t r a t e  hydrophobic 

compounds, b u t  a l s o  takes  advantage of s o l u b i l i t i e s .  Many of the 

compounds concent ra ted  on the SEP-PAK a r e  i n s o l u b l e  i n  non-polar 

systems,  i . e . ,  n-hexane/acetone (85: 15 v / v ) ,  and t h e r e f o r e  a r e  

r e t a i n e d  on the SEP-PAK. 

Our genera l  approach t o  the  type of s o l v e n t s  used f o r  C 1 8  

C a r t r i d g e  e l u t i o n  is  presented I n  Table  3.  By s e l e c t i n g  t h e  

a p p r o p r i a t e  s o l v e n t s ,  it i s  p o s s i b l e  t o  make c leaner  f r a c t i o n a l  

c u t s .  We used n-hexane/acetone (85:15 v / v )  t o  e l u t e  A, B,  5, and 

- D from c18 Car t r idges .  

F igure  2 shows a HPLC t r a c e  of a t y p i c a l  water e x t r a c t  

processed by our method. Unlike Wall e t  a l .  ( 8 , 9 ) ,  w e  observed no 

synergism ( v a r i a b i l i t y  i n  r e t e n t i o n  t imes) .  The r e p r o d u c i b i l i t y  

of r e t e n t i o n  times i n  t h i s  system was e x c e l l e n t ,  a s  shown i n  Table  

4 .  A s  a r e s u l t ,  sample sp ik ing  with a u t h e n t i c  C and r e p e t i t i v e  

i n j e c t i o n s  are not necessary. More impor tan t ly ,  the  disadvantage 

of ex tens ive  column washing fol lowing crude e x t r a c t  i n j e c t i o n  ( t o  

main ta in  t h e o r e t i c a l  p l a t e  e f f i c i e n c y )  i s  e l imina ted .  
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0 
rn 
N 

U m 
a, 

9 
P 

0 
II) 
P c 

PACKING : uBONDAPAK C18 

COLUMN : 3.9 mm I D  x 30 cm 

SOLVENT : Methanol f W a t er 
(67133) 

FLOW PROGRAM: 0.8 mllmin, i n c r e a s e d  t o  
1.8 mllmin a t  t h e  arrow 

UV DETECTOR: 250 nm 

t l l l 1 1 1 l 1 l l 1  
0 4  8 12 16 20 

TIME (min) 

FIGURE 2. HPLC Chromatograph of L a c i n i l e n e  C (A),  2,7-Dihydroxy- 
cadalene (J), L a c i n i l e n e  C 7-methyl e t h e r  (c), and 2-Hydroxy-7- 
methoxycadalene (D) Obtained by Water E x t r a c t i o n  of Dried Green 
Cotton Brac ts ,  C u l t i v a r  S t o n e v i l l e  256. 
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TABLE 4 

R e p r o d u c i b i l i t y  Data (Z 2 6 )  Over a Two Month P e r i o d ,  f o r  
R e t e n t i o n  T i m e s  of L a c i n i l e n e  C (A), 2,7-Dihydroxycadalene ( I )_ ) ,  
L a c i n i l e n e  C 7-Methyl E t h e r  (5) , and 2-Hydroxy-7-methoxycadalene 
(D) Obtained on a 3.9 mm I D  X 30 cm PBONDAPAK C18 Column Using 
MethanolIWater (67:33 v f v ) .  

R e p r o d u c i b i l i t y  Data (k 2 6 ) 

RETENTION TIME (min )  

Number Of 
A B C D I n j e c t i o n s  

7.9+0.07 9.3+0.09 12.4+0.12 19.1+0.28 - 27 - - - 
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