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D-ION OF LACINILWE C 7-MeTHyL ETBEB BY 
HIGH PERYORMANCE LIQUID CEROMATOGRAPHP 

James H. Wall, Linda L. Huller,  &mi Ralph J. Berai 
Southern Regional Buaorch Canter 
U.S. Department of Agriculture 

P.O. Box 19687 
New Orleans, Loul8iPru 70179 

ABSTRACT 

~n BpLc method i 8  presented €or  the quant izat ion of l a c i n i l e n e  
C 7-mthyl ether in cot ton dusts.  
ether vas b o l a t c d  from =tracts of gin t r u h  snd a new a x t r a c t i o n  
procedure was developed t h a t  effected complete ranoval of lacinilene 
C 7-mcthyl ether fram cot ton d w t .  
average of 48.64 pg/g of lacinileue C 7-zpcthyl e ther ,  and the  
below 20 urn f r a c t i o n  COnt8hS 35.9 pg/g of lacinilene C 7-mathyl 
e ther .  

A standard of I a c l n i l e n e  C Timethyl 

T o t a l  d w t  containa an 

INTRODUCTION 

Lacinilene C 7 q e t h y l  ether has been suggested as a causat ive 

of byeminosis (l), a resp i ra tory  disorder  f i r s t  described in 1705 

(2) and characterized by chest  t ightnase and rhortneor of breath 

(3). Byasinoris, thought t o  be caused by a component(8) in the duet  

generated during processing, occura in suscept ib le  textile workers 

in the  cotton, f l u ,  j u t e ,  and hemp lndus t r l ro .  

is presumed t o  be removed from cot ton dus t  by w u h i n g  with vater and 

The causat ive agent(s)  
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'562 WALL, MULLER, AND BERN1 

Figure 1. L.cinIlena C 7-mfhPl athar. 

c ~ 1  be p u t i i l l p  deactivated by 8t-g (4). L.cinF1.r~ C 7-mthyl 

8eh.r i r  not water aolubla but  i r  water ex t rac tab le ,  and i t  ha8 been 

found i n  t h e  condensate of a 8tem d i r t i l l a t i o n  of co t ton  du8t. 

LIcinilene C, a re rqui te rpem ketone, wa8 f i r s t  i ao lo ted  from 

the  h e a r m o d  of Ohyonire, Ulmu8 lacinlate Mayr (5). A revised 

8fr l lCt lX.  W O I  e.tablbhed, urd i t 8  'I-mi.tl.1~1 e t h e r  (Fig. 1 )  M 8  

i so la tad  from Gommium hirrutum L. brac t .  ( 6 ) .  The compound i s  

c h e w t a c t i c  and induces histamine relare (7). Quantitative detennina- 

t i o a  of thi8 compound i 8  imperative f o r  order ly  b io logica l  t e s t i n g  of 

8peCifiC dur t  ramp188 and synthe t ica l ly  enriched mixtures. 

no known awthod t o  date. 

There is 

Idke othor compound8 of t h i n  clam, it  is urntable ,  and we feel 

t h a t  high parformanca l iqu id  chromatography (HPLC) will be the 

a n a l y t i c a l  mathod of choice. 

eaay, r a l i a b l e  method f o r  the quant i ta t ive  determination of 

lac in i lane  C 7--thy1 ether. 

procedurar. 

We have developed and repor t  hare  an 

We a l s o  preeant accurate  ex t rac t ion  

MATERIALS AND INSTRUMENTATION 

SOlVOXlt8 f o r  th. WLC d y 8 b  ware W a t e r 8  (8) i i q u i d  

Chromatography grade. 

t race  impurit ie8 w u e  of no conrequaace. 

used aa a rtandard war i so la ted  from "gin traah" in  our laboratory.  

Diethyl e ther  aod h u m  were reagent grada; 

Lacwane C 7-mthyl e t h e r  
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HPLC OF LACINILENE C 7-METHyL ETHER 563 

Ikulyrir w a 8  dorm on a Wat~tr model 204 l iqu id  chromatograph 

equipped with a U6K 8 e p t d t 8 8  in jec tor ,  two mod01 6000-8 pumps, a 

660 8olvurt 8y r t . 1~  progr .~mor,  md a 100 radial comprurion modulo. 

Detection w u  accomplI8h.d s d t h  a V8richram var iab le  wavolongth UV 

abrorptioo dotactor. 

Padcard lab data  acqui8it ioo 8y8tcaP r o r i a r  3350 w u  u u d  t o  

In te rgra t ian  of peak arm by a Hewlett- 

q u a t i t a t e  8 8 - h .  

METHODS 

Dola t ion  of enough la.Cini1.l~ C 7-mathy1 other  t o  propare a 

8tmdard w a 8  achieved by proparative and th in  layer  chromatography 

of 8n extract of gin tr8.h. Forty g r m  Of g h  t raeh  W O 8  pa88td 

through a 2O-merh Wiloy m i l l  and extractad w i t h  480 m l  water; then 

the  nonpolar compound8 were part i t ioned from tho water with three 

4001ml volumer of d ie thyl  ether.  

t o  a8 gin tra8h extract, remainad after the  othor w u  removed ueing 

a r0to-ev8porator. 

f o r  cotton bracte  and du r t  ( 6 , 9 ) .  

A d8rk green o i l ,  vhich we r e f e r  

Our extract ion mathodr are rimilar t o  thoee uaed 

The ext rac t  war loaded onto 2-mm Brinkmsm, S i l  0.200 

preparativa layer  plates and chromatographad with chlorof orm/acatone/ 

formlc acid (80/19/1) ( 6 ) .  The band f luorcrcing yellow a t  about 

0.8 Rf value waa rmwved from the  p l a t e  inrmediatelp and eluted from 

the  riUca gel with acotono. 

chromatography (TLC) plat. rovaalod tha t  v. had ropua ted  the yollov 

fluore8cing bead in to  two compoundas lacinilene C 7 ~ a t h y l  e ther  

and a blue-violot campound with near ly  the  came Rf value. 

cerrive reparations on 0.25-mm rille8 gal  60 (Marck) TLC platee 

yiolded pure lrciniluu C 7-methyl ether.  

Undor long wave UV l i g h t  the  thin-layer 

Two auc- 
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564 WALL, MILLER, AND BERN1 

We were eupplled A 8 d l  amount of au thent ic  lac inf lena  C 7-methyl 

e ther  f o r  TLC comparison (10). 

compound and our i so la ted  compound indica ted  a pure eubetance. lbo- 

d i m a s i d  TLC ana lys i s  i n  several solvent  syrtsmr f u r t h e r  substau- 

t i a t e d  t h h  concluaioo. We w e d  chloroform/ acetane/f ormic a c i d  

(80/19/1) a8 the  f i r s t  solvaut  8 y r t m  and e i t h e r  d i e t h y l  ether, 

benzene, hexan., o r  matharrol a8 the 8econd rolvant  syrtem. 

spectrum of our standard matched that of t h e  authent ic  sample and 

the rpectrum previously reported (6). 

Cochromatography of tha authent ic  

The mass 

Extraction of dust  ramplea f o r  quantitative determinations of 

lac in i lene  C 7-amthyl e ther  w a a  done by t h r e e  methods. Tradi t ional ly ,  

water extract ion8 have been done t o  remove the byseinot ic  agent from 

the  dust ,  then the  water par t i t ioned  with e t h e r  t o  remave the l a c i n i l e n e  

C 7 - m t h y l  e ther ,  

Fnroluble, it wan f i r s t  i s o l a t e d  ur ing this technique (6). 

1s a camplax matrix, and we wondered i f  water waahing would remove 

lac io i lene  C 7-amthyl e ther  completely. 

extraction8 A. For comparison, w e  SoxNet extracted the dust  with 

ether ,  label ing these B, o r  hemme, label ing these C. 

Eveo though 1 A C i d l e I I e  C 'I-mathyl e ther  i r  water 

Cotton dus t  

We have labeled t h e  t r a d i t i o n a l  

Watar extract ions were done by blending 2 g of duet in an 

Omni miser with 18 m l  of water f o r  6 min in the dark t o  avoid any 

por r ib le  photodegradation; the  f u t r 8 t a  W M  thtan par t i t ioned  three  

tinu38 v i t h  10 m l  of ether.  

reduced t o  a k n m  v o l w ,  and analyzed i d i a t e l y .  

The ethar port ions w e r e  combined, 

h o t  sampler f o r  ex t rac t ion  methods B and C weighed from 1.9 

t o  6 g. The mamplem were folded in f i l t e r  paper before being placed 
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WLC OF LACINILENE C 7-METwL ETHER 565 

in t h e  ex t rac t ion  thimble8 t o  prevent lo88 of any f i n e  durt .  A 

S O X N ~ t - e ~ t r 8 C f i 0 n  apparatus w u  w e d  wi th  a 43 x 123 rrrm ringla 

thiCkDL88 paper thimble. 

f o r  48 h r ,  than an a l iquot  of the ro lvent  war  t h  before riphoning 

back i n t o  t h e  boiliLlg f h 8 k  f o r  TI1: 8d HPLC axuly8er. 

t i v e l y  extracted d u r t r  were Fllovrd t o  0- 1 waak a d  ra -u t rac ted .  

The extract8 ware reduced t o  a known v o l w ,  and HPLC aMly~i8  war 

done l m e d i a t d y .  

Ext rac t iom Vera performad in tha  dark 

The e x l u u b  

A d u r t  ranple, exhaustively extracted fo r  1 weak and than allowed 

t o  r tand f o r  1 week mad re-extracted, w u  r d u c a d  t o  drynars rod 

recovered. 'hro-tenths mllUgram of lacinilaru C 7-awthyl e t h e r ,  

used a8 a rtandard,  w u  added t o  thir duet 8nd r u b s e q u t n t ~ y  Soxhlet 

extracted with d ie thyl  e t h e r  f o r  48 h r  and then HPLC analyeie performed 

on t h e  concentrated extract. 

Saaple handiing a f t e r  ex t rac t ion  from the d u s t  and before 

i n j e c t i o n  i n t o  t h e  HPLC i r  critical. Sampler rhould be re f r igera ted  

and r tored  under dry ni t rogen immediately. The e t h e r  o r  hexme used 

f o r  ex t rac t ions  muat no t  be completely remwad during sample concen- 

t r a t i o n .  

mobile phone when in jec ted  i n t o  t h e  HPLC instrument even though 

redirrolved f i r r t .  

50 111 of rmph extract .  

If thie rhould happen, prec ip i ta t ion  vill occur in t h a  

In ronra carar  we found it  necerrary t o  i n j e c t  

Quant i ta t ive reparat ioar  were achieved with 8 Watera Radial- 

Pak B c a r t r i d g e  ( n o d  p h u e  act ivated 8i l iCa)  i n  conjunction 

with t h e  r8di.r  comprearion module (RC3SlOO). 

with a 10 pm rpher ice l  rille8 g d .  

This colunm i r  packed 

We fluahed t h e  colurpn wi th  e t h y l  
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566 WALL, MIJUER, AND BERN1 

acetat., acetone, and 2 ,2 ,4- t r imethylpmta~,  respect ively,  between 

sample deteruduadonr t o  prevent column contamination. 

gradient ryrtrm worked b e l t ,  wi th  h6Kane/acetic acid (99/1) as so lvent  

A and tatrahydrofuran 88 ro lvent  B votying from 5% t o  50% over 10 mirr. 

The flw rate w u  6 ml/pcLrr. 

abrorption a t  340 om ( 6 ) .  

A rolvent  

D8tection var achieved by monitoring W 

A mtaudard curve of instrument raspowe va. amount of lackullena 

C 7-amthyl ether w u  ganerated. l h l t i p l e  in jec t ione  [12] of 

1.23 vg of lacinIlene C 7-methyl ether dissolved in 2.0 I J ~  c f  

d i e t h y l  ethar were used t o  determine the standard deviat ion of 

in jec t ion  and area intargrot ion.  

RESULTS AND DISCUSSION 

Dust examined waa l imited t o  0% that w e  know t o  b e  b y e a i m t i c a l l y  

a c t i v e  (11). 

and had a wide p a r t i c l e - a i m  range. 

a lea. than 20-w f r a c t i o n  (12). 

human clzallanga. Both d u r t  f rac t ion8  inducad histamine re lease  (11). 

Tota l  duat was f i r s t  co l lec ted  with a high-volume f i l t e r  

Thi. dur t  w a a  then separated i n t o  

The ~ 2 0 q m  f r a c t i o n  was a c t i v e  t o  

Table I ir a rmmary of quant i ta t ive  r e s u l t s .  Water extrac- 

t ion i n  both c u e a  removed only about 30% of t he  t o t a l  content of 

lacinileae C 7-methyl e ther .  k!ether i t  ia d i f f i c u l t  t o  e x t r a c t  

from the  matrix completely o r  i t  is the  end product of aome decom- 

posi t ion react ion with i t 8  equilibrium upset upon Soxhlet ex t rac t ion  

i e  unknown. 

i m  o t e n u o u  question. 

lac in i lene  C 7-methyl e t h e r  removed from the dur t  by TLC o r  WLC 

analymir of an a l iquot  of solvent  before i t  returned t o  the boi l ing  

Complete removal of a natural product from i t 8  matrix 

Ua Soxhlet extracted u n t i l  ve saw no more 
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HPLC OF LACINILENE C 7-METHYL ETHER 567 

TABLE I 

Iacirri lene C 7-Mathyl Ether Content in a Knawn Active Cotton Oust 

A. Water Extraction, 
Ether P a r t i t i o n  

16.65 

< 20 Plicromatera = 
13.80 

B. Ether Soxhlet 54.05 35.93 

c. Helun. Soxhlat 43.22 35.94 

flank. 

l a c i n i l e n e  C 7-methyl e ther  from the d r u t  after 48 hr. Concern f o r  

the  thermal r t a b i l i t y  of lacinllene C 7-methyl ether prompted us t o  

uae e ther  extract ions.  

C 7 e t h y l  e ther  see- otable  a t  75.C nccasaary f o r  h-ne ex t rac t ion .  

Both h e a e  and e t h e r  Soxhlet extract ion8 t o t a l l y  removed 

From the l imited da ta  in t h i a  study, lacinilene 

The p o r a i b i u t y  t h a t  l ac in i leno  C 7-mcthyl e t h e r  may be bound t o  

another compound not  coluble in e t h e r  o r  haxane and l e f t  behind a f t e r  

ex t rac t ion  mur t  be considered. 

7-mathyl e t h e r ,  t h e  dur t  waa allowed t o  a t a d  a t  atmospheric conditions 

f o r  l w e c k  and then re-extracted. We found that no addi t iuna l  l a c i n i l e a c  

C 7-methyl e t h e r  warn generated. 

C 7-methyl e t h e r  t o  the  d u r t  exhaustively extracted.  Upon ex t rac t ing  

again v i t h  e ther ,  we rrcovared 96% of t h a  added lacinilene C 7-thyl 

ether, ind ica t ing  that l a c h i l a n e  C 7-ethyl ether is not  w i l y  bound t o  

compound8 left in t h e  dumt. 

P S t a r  c o q l a t e  removal of l a c i n i l e n e  C 

Ve than added 0.2 t g  of pure lacinilenc 

The 2 20-urn f r a c t i o n  of t h e  dust  contained approxfmately 77% 

of t h e  lacidlane C 7 1 n e t ~ l  ether content. Tota l  d u s t  would con- 

t a i n  f i b e r  that would contr ibute  no lacinilene C 7-mathyl ather t o  
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568 WALL, MUUER, AND BERN1 

t h e  sample. 

t he  2 20-pm f r a c t i o n  of du r t ,  This simple r e l a t ioneh ip  between 

l a c i n i l e n e  C 7-methyl o the r  and t o t a l  o r  5 20-pm dus t  ahould be 

checked furtlaor f o r  r ta t i r t ical  r d a t i o n s h i p e ,  

content could be a s t l m t e d  from lacinIlene C t-mathyl e t h e r  ' 

ma8urement8. 

Yare f r i a b l e  p l a n t  p a r t s  are t h e  major con t r ibu to r s  t o  

Perhaps t o t a l  d u s t  

The caneideration of othercompouoda ex t r ac t ed  along d t h  

l a c i n i l e n e  C 7-methyl ether is complex. 

f luorescent  compounds on t h o  TLC.phte8 i n  our HPLC chromatogram. 

Bowaver, tho pocul iar  bohavior of tho 8mnpI.e upon concentrat ioo t o  

dryness is i nd ica t ive  of l i p i d s  and lignine. Although lacinilene 

C 7-methyl e the r  is probably completely taken up in a 8 0 l V t n t  and 

this might be an exce l l en t  method f o r  eliminating many i r r d r v a n t  

We can account f o r  a l l  

coapounds, w e  chose t o  concentrate  t h e  extract t o  a known volume 

(about half). 

when we  in j ec t ed  5 0  p 1  of e x t r a c t  f o r  analyois.  

We experienced no p rob lmo  with this procedure even 

This undoubtly l e d  

t o  soma band spreading but  i t  w a s  of no consequence. 

very concentrated tr ial  ramphe' responoa peaks  were 80 sfike-like 

t h a t  peak height could be used f o r  quant izat ion.  

In f a c t ,  some 

Colrmm contamination using this rample handling method is 

unavoidable. 

"ghosting" and no dramatic drop i n  coluann eff ic iency.  Howver, this 

CAR be a t t r i b u t e d  t o  tho regular purging of tho column d o n g  the  

reconmended lines of a genoral r i l i ca  column clean-up procedure. 

During our work on this compound w e  experienced no 

We found that in 80me cases an i s o c r a t i c  8olvent system of 

boxam, tetrahydrofuran (THF) , and acetic ac id  (85/14/1) achieved 
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WLC OF LACINILENE C 7-METHYL ETIIER 569 

adequate separation. 

hexane extract6 because chlorophyll i s  e x t r d y  6oluble i n  hexme. 

This problmm was eaolly overcoma by using a lirrur gradlent with 

THF varied f ron  SZ t o  50% over a pariod of 10 m i n  with a flow rate 

of 6 mllmln on the Waters column. 

Poor resolut ion sometimes r u u l t e d  in the 

When ve f i r s t  begm trJring t o  separate  lacini lerm C 7-thyl 

ether from cotton dust,  we attempted revere p h a ~  BPLC techniques. 

We dlscwersd  tha t  i t 6  residence tlme on a CI8 column (6 hr)  wan 

too long and allowed decomporition. 

Colrmm re lac t ion  f o r  usa with the  RCM-100 is lh f ted ,  but  w e  d id  

achieve some good separations with a conventional Alltech 

column (2.5 CID x 4.6 mm I.D.) prepacked with spherieorb ( 5  urn). 

Both the Waters and Alltach columns use a spher ica l  s i l ica  rupport 

phase. 

t he  Waters coltam. 

lacinilene C 7-methyl e ther  peak shaded. 

Normal phase worked qui te  w e l l .  

In  all c u e o ,  we achieved-neor base-Une resolut ion with 

Fig. 2 is a typical chromatogram with the 

A conventional c o l w n  displayed varying solvent  synergism 

ef fec t r .  

vfclch peak in t h e  complex is lacinilerra C 7 -mthyl  ether. 

Each sample rhould be spiked with the  known to  determine 

Using 

the  R C b l O O  allows operation a t  high flow rater t h a t  overcomes 

t h i s  e f fec t .  In  all carem the retent ion time f o r  laadnilene 

C 7-mathyl ether on the  Waters colunnr was 2.5 m i n ;  y i t h  the con- 

vmt iona l  column, r e t an t ionva r i ed  from 7.0 t o  7.8 &$at  th 

0.5 m l l m k r  flw rate f o r  mulmum separation and an i s o c r a t i c  

a lu t ian  . 
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5 70 WALL, MUUER, AND BERN1 

W H~xmr/Acrt ic  Acld 
(99/1) 

THF 
50Ye 

L I I 1 1 1 1 1 1 1 1  

0 I 2 3 4 S 6 7 8 9 10(Yin) 

Figure 2. EPLC chromatogram of co t ton  dumt extracts. 

A mimple linear r e l a t i o n s h i p  (Fig. 3) batvem peak area and 

mount  of compound i n j e c t e d  over  a f a i r l y  wide range was estab- 

liohed. 

c leo  a linear r e l a t i m a h i p ,  and mo i f  p u b  are mo sp iked  that area 

i n t e g r a t i o n  i m  no t  pornribla, quan t i za t ion  i m  stUl  p r a c t i c a l .  

Peak he igh t  vs weight of ~ACWOM C 7-mathyl ether was 

Mul t ip le  in jec t ionm-of  the e-rd w e r e  usad t o  calculate 

th8  mtmdard d m b t i o n  of t h e  p u k  area .  

cambination of dr te rmina te  and indetrrmirratc. With t h i s  in format ion  

i t  w u  ca l cu la t ed  t h a t  s m p l e  replicatam of fou r  war8 necessary  

t o  meamre a rrmpla of approximately 1.2 ug w i t h  95% confidence 

level. 

The e r r o r  i m  probably a 

All maples repor ted  are a n  average  of  f o u r  trials. 
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48 .O t 
Loolnllom C 7-Y.thyl Ether, m k r ~ r m n r  

Figure 3. Standard curve depict ing the  r a t i o  of peak arm of 
lacinilarre c 7-methyl e thor  vs. tho weight of 
hcinilene C 7-methyl ethot .  The corre la t ion  
coef f ic ien t  is r - 0,9996, and the elope of the  
curve is 20.7356. 

No-1 p h e  HPLC is a r e l i a b l e  method f o r  determining lacinilene 

C 7-mcthyl e t h e r  i n  cxtracts of Cotton d u t r .  We are continuing t o  

quantify other knovn campotmdn i n  t h i o  mixture, t o  i d e n t i f y  unknowns, 

and t o  i n v e r t i g a t c  the  appl icat ion of preparat ive HPLC techniquee. 
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