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m&zed for total axid free fatty acids. A surmmry of the rem&s is published by 
He&ges et al. 131 and f&is study is descriked in f&tker detail by Flynn et aI. 
[41. 

A method $hat timed for the rapid reliable determination of fatQ acids 
f&xn a Iaxge nrunber of san@es by “on ~~~~EIIBz’~ metkylation in a gas chmmato- 
‘g%pkic system was publisked by lh&ee and AHen [5l_ After sapmifhti~rr 
of tke sample with KOE<H@H, acidification witk I&PO,, and extraction oE 
sapon&tble fat& acids into kexane, the acids were extracted fmnt kexane witk 
a small amount of ~e~y~~~p,a-to~~-~~y~)~o~~ kydmxide 
(TMTFTH) as tk& quaternary amnxoniuxn salts. The salt sohtions were injected 
together witk 8 znixixre of methyl propiona~ethnol into a gas ckromato- 
grapk at an injection port temperature of ca. 260”. Tkis procedure was adapted 
for the analysis of fatty acids in fecaI specimens, food homogenates, and modi- 
fied to an internal standard method (keptadeeanoic acid was used as internai 
standard). In addition, a variety of other bialogdl materials were amdyzed 
including seEmI (human, dog, and rat), iurnor cell c&me media, milk (shrew 
aI& cow), rat skin, and fungal spores. 

During the course of fat@ acid analyses the following gas ckromatograpks, 
equipped with hydrogen ftane detectors, were Zrseca: Barber-eohan 5000 
(Barber-Cohan. Rockford, Ill., U.S.A.); Traeor 222 (‘Fracor, Austin, Texas, 
USA_);and Packard 7300 (Packard Instrument, Downers Grove, Ill., USA.). 
Tke electrometers of these instzurne& were htetiaced with 8 NewIeM?a&turd 
8352X3 k&~Mxxy datz system (HewhtfG?acka.rd. Avondale, Fa., U.S.A.) for 
identification and ~antitation of tke fatty acids. 

The samples were analyzed on a column packed with 15% NI-EFF-IBP on 
x00--120 mesh Ckiomosorb W (AW), gkiss, 2 n X 2 KnIu I.D., or 2.5 m X 2 mm 
I..lL Tkfz injection port tfxnpemture was m&tied. in gene&. at 260”, the 
detector ternperatme at 245”. ‘The eohxnn oven teqx?%Wxre was usudy kept at 
155", and vzkd sligktiy (145155°) depending O)LI the in&rum-t used and 
the type of analysis pexfozmxi..h general, a hear cmrkr gas ffow QNitrOgen) 
of 20cm~secwasused~Todetermine tbeav~~linearcarrietgasff~w,methane 
w.s injected into the cohmm. Methane gas travehzd practicaEy witk the same 
speed as the carrier titrogen gas. 'The veiocity was cddaW by dividing the 
lengtk of the cofrtmr (cm) by the time (sz) measxmd with a I&P watch from 
injection to detection, 



Applied Science Labs. fStab3 College. Pa., USA.). Pufzisskm hydr5xicfe (AC23 

grabeP,metfranol(~~grzde),and~~~o~de (purffied]werepurchasedf+tm 
Fisher Sckntie (St. Louis, M5., U.S.A.). fodometkme (99% purity) and 3- 
aminoberizokifIuoride, 93-c% ( a,a,a-trifkoro-m-t&Sdinerridine) were puchased 
f&m AIdrich (MiEm&ee, Wk, USA.). Methyl pmpionate was obtained from 
Eastman-Hod& (Racbestkr, M.Y., USA-j- Phosphoric acid (85%. anatytical 
reagent) was obtained Prom MaEirxckrod~ (St. Louis, MO., USA.). Hexam 
(high p@Q) was purchased from Phillips Petroleum (Burger, Texas, USA.). 
TMTFTH ~8s prepared as described hy Misc&e a.& Alpen 151. 

Fmce&m? , 

AmZysis of sqztxzifiabZe fed fatty acid.s. AlI specimens were stoizc3 at T 70”. 
For the andysis, samples were thawed, hoM5g&Zed, c%. 100 mg weighed, the 
exact weight recanieci, and then placed in a 12-ml centrifuge t&e with a ETFE- 
lined cap. The origii~d sample was immediately refrozen at -WI”. The internal 
stancfard (I.S.),hepta&cmbie acid (50 pg) in hexane, WBS then added and the 
hexane compktely ewaporakd using a stream of pure titrogen gas at room 
temperature. TQ the sample were added 2 Illl of KOH-CH3QH solution (15 g 
KOH in LOO ml CH3OH). After purging with nitrogen gas, the cerkrikge tube 
was capped tightly, sonieated briefly and sapsmified in a dry-bath at 65O for 1 
h. During the saponification the cclntents af tie tubes were mixed briefly OR a 

Vortex4Zenie every 10 min. *. 

After 1 h the centrifUge tubes were coofed TV roo~n temperature a@ 3 mf of 
1 kf H3EQ were added. The fatty ackZs were then extracted three tines with 5- 
ml portions of hexane. For each extraction the centrifuge tube was shaken 
r;gorOusly for I mln hy hzmd 2nd centrifuged for PO min. The upper hexane 
layer was drawn off with 8 Pasteur pipet and the extracts were poded in a ea. 
ZO-mI cuiture tube, and mixed well. A 5.0-ml aliquof; was transfenred into a 
5-IIIE glass-stop- centrifuge tibe (Pyrex No. 8061), and IO rl5f TMTFTH 
(0.5 &f) were added. The centrifuge tube ~686 then shaken vigorously for 1 min 
and centrirzrgerf at appr5ximately 608 g for 1 min. For chromatqq=aphy 1 yl of 
the TMTFTEE exha& was taken &om the bottom of the c&we tube v&h a 
fC+l syrisge. The lull TMTFFH extract was sandwiched between a methyl 
propiona$e7nef&moZ *&are (112) a& io&cted into a gas cbromato~pb. at 
m i&et fzmpemkure of 260” _ 

An&&8 of *e fec5Z fatfy a&k The SampEe were prepared as described 
fur the determination of t&al or 6apoGfiabIe acids with the emeption that 
the KCDH-CH40M saponificaeon step was omitted. then the kample was 
acidified with 3 I& of I i%f H&Q. The cenfzifuge t&e was closed tightly and 
csrefusy mised 00 8 TTortex Genie, and sok&.ed briefly. DisW ~&er (2 ml) 
~IIS added to the sample, mixed again, and then exkacfzd with hexaue s.nd 
plXmEsedasd~hedprevfo;fsIg. 
~otixi fzt& act& irr fcsafkmwgaztzfe. The IOO-mg samplesoffood homog- 

‘enates_were 2jmQzed far sapa&%6k. fat@ acids k the same marmerasde- 
&hedfdr~~~~:~ti&. 

~piiqime @t&y .ci&% in qmres of @rigus Helminf~n-urn. A mixaire 
of._p3 3yg cgsp=y * I* Pg-Itep-ecanoic acid fLS-f - gapanified wax 2 . . . 

. . 



The-relrative weight- response (RWR) vapueS of each fatty s&d from Ck2:0 ti 



:. %s 
. . . 

Fat* 
acid 

C12:O 2.9 6.4 0.7 NJ% NA 3.3 _ 
Cl4:Q 2.0 4.L 1.6 NA MA 2.6 
Cl6:O 3.2 

g 
1.1 1.5 1.I 1.8 

C16:l 3.3 1.3 5.2 1.8 4.2 
CI8:O 
Cl8:l 6’:: 

2.4 1.6 2.3 
1.2 1.4 I.0 20:: 

2.7 
2.4 

CZ8:2 0.5 
@IS:3 2.8 ;g 

1.4 0.5 2.2 
0.0 p3E) z 1.4 

C20:E ND ND TR ND ND - 
c2o:z Em MI) 0.0 ND ND 
C20:3 ND ND. NA TR 
cm:4 MD ND 2.8 t: 7.0 3.5 

*Represents_ t&e awzage of relative standard detiatims of file difFemnt biological sampks. 
‘Tlxe R.S.D. foot each inditidual biokqic& is clalcrrfated from at kast three indepsadeat anal- 
paes. The different hi&*& were axm@ed on diffe-rent gas ozsbMrmtographs with different 
cahrms (seme type of pckiog) an different &ys EbJr different anfdysts_ 



c12io 88.5 2.9 3.3 

c14:o 89.8 6.3 7.0 

Cl6:O 96.0 5.2 5.4 

Cl6:l 35.0 5.5 5.8 

ClB:O -.- 97.3 6.2 6.3 

Cl&J. 95.6 5.1 5.4 

Cl&2 97.7 6.9 7.: 

Cl&3 100.5 6.4 6.4 

c2o:Y. 98.6 6.0 6.1 
C20:2 99.3 7.4 7.5 

C20:3 96.9 5.8 6.0 

c20-.4 97.4 3.2 3.3 

AV. 96.0 5.6 5.8 

*Rep- ts at least two independerrt rum for each of five different bioladd sgmdeS Per 
formed on &fferent gas chmmatogap!xs With. different cakru.m (sametypeofpac~d,~ 
&iff~nt &qs by differezxt aaefysca 



Fig- 1. G8ldk@3 Cbf0m&3grapbiC anaIy6is of sapoulfiible fed (lx -;LateJraci&S 
. methyl esters. Sample, IQQ mg (amormt of sample i+ctecl into iustrumenf, ea. 3 mg). 

C&XXIII: 15% HI-EFF-LBP on IOU-~20 mesh Chromosorb W AIR. 2.5 m x 2 mm I.D.. ghss; 
volume injected. 1 ~1 of ‘I%= extract sandwiched between a mixture of methyl pro- 
pionate-nl&Zixv3i (1.2); cOk1~5 temperature, 140” (isothrcrxz3); detector tesperafrue. 
210” ; and iujectior temper&are, 240”. Gas chromatograpb: ISrberCo~ 5000. 
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Fig. 3. G&quid chromatography of sapoaifiahle fatty acids ss metkyl esters ia senan of 

rats with i3sentid htty acid deficiency manifested by ffie presence of &xiomxd 5,8,IE_eico- 
satrienoic acid (c20:3w9). tie prsf%i& diSsppearanCe oE 8,Il,14eicos&riexoic acid (c20: 
3~6) and a rat-her low level of araehidonie acid (C20:4). SampIe: 100 pl, &pIe size in- 
jected CL 3 ~1. Ckromatograpkic conditions: volaase iajected, I &l %XTFFFH!extract; the 
2 m X 2 axn LE)- glass ca!um~ was pscked v&k 15% HI-EFF-IBP on Ckromosorb W AW 
(IOO-120 azesk); column temperature 155= (iitk~). detector temper&are 240” and 
inlet temperatare 260”. Gs.s chromatogrspk: Packard 1309. The abbretited formula (C20: 
3w9) indicates the numbeF of carbon atans and the uumhers of dauhle konds. Tke position 
og the double kond n-t .&J tke me&&al teraxiaas, couatiag CH, ss I, is iadicated by tke 
symbol u _ 

Fig. 1. Gssliquid chmmatogrepkic analysis of SspoaifMSe fatty acids ss methyl esters in a 
cell crrfture medium af prosMe (human) cancer. Sample: 2.00 ad, ssmpS= size iujected ~8. 
50 ~1. Lyopkilhd to dryness; volume iajected_ I fil TJATTES extrsct. Gas chroalata~ph f 
Packard 7300. See legend to Fig. 3 for furtker details. 



The described in- f3tanderd ndbd proved to be rapid and rehble for 
the d&e rmination of f&Q a&Is at loprr Ievds in a variety of biologid. SampIe 
pmparation and miaiysis recLrnipes appro2SmiteIy 1% h. The TL16Tm exfmc- 
tion of the acids &OM the orgmic phase functions as a eIeanup and coneentra- 
tim step. Good precision and txcmmcy of tie methad was demonsfmded by me 
of different ir&rti~en~tion and different adysk. 
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