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PREPARATION OF METHYL ESTERS FROM THE SAPONIFlABLE 
ACIDS IN SMALL BIOLOGICAL SPECIMENS FOR GAS-LLQUID 
MAT0GRAPHIC .\NALYSIS 

FATTY 
CHRO- 

SUMMARY 

cstractcd with hesane. The fhty acids are extracted from the hesane into :I snxtll 
volume of trinicthpl( c:,c:,rc-triflLlOro-~;z-t01’1)31111lloniulll hydroxide. Injection of the 
resultant quaternary ammonium saits together with nietli_vl propionate into a _ras 
cl~romatogrttpl~ yields the lktty acid methyl esters_ Preparation of the sample requires 
less than 15 min and less than 10 min ofthe rtntllyst’s time. The results are cornpnrnble 
\vitll those obtained by conventional methods with larger samples. 

INTRODUCTION 

The preparation offhty acid methyl esters t-or tlx 1 gas-liquid chromatographic 
determination of- the fatty acids in ;t biological specimen can be performed by a well 
trained analyst in a \vell equipped chcxnical laboratory_ One of the best procedures 
for such an analysis involves cstraction of the lipids with a misturc of- chlorof-orni 
and nicthanol* followed by alkali-catalyzed methanolysis of- the nttturally occurring 
esters’ and then acid-catalyzed methylation of any f-ree xids3_ The major disadvan- 
tages of such an approach are the time required, much of the analyst’s attention, 
relatively large volumes of- solvents, back-\vttshing, drying, evaporating, transferring 
ofextracts and reaction products, and preparation and storage of anhydrous rcagcnts. 
In addition, when small amounts of- tissue are to be analyzed, irreversible adsorption 
of the lipids, acids or esters can occur on the surfhe of- the glassware and the esters 
can be lost on prolonged evaporation of- the various solutions. In spite of these dif*- 
ticulties, reliable results arc generated in many laboratories, but the best results arc 
only obtained in those laboratories where n~uch care is taken. 

A procedure that is expected to replace any ofxtllc conventional methods must 
elk real advantages in addition to good accuracy and precision_ The method dc- 
scribed in this report meets these requirements. 
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MATERIAL AND METHODS 

Reagents 
Methanolic potassium hydroxide was prepared by dissolving 15 g of potassium 

hydroxide pellets (certified A.CS., Fisher Scientific, Pittsburgh, Pa., U.S.A.) in 
methanol, cooling to room temperature, and dilution to 100 ml with methanol_ ln- 
soluble potassium carbonate was removed by centrifusation. 

Phosphoric acid (I Al) WES prepared by adding 13.6 ml of phosphoric acid 
(reagent grade, SSOA., Merck. Rahway. N_ J.. U.S.A.) to about 150 ml ofdistilled water. 
After coohng, the vohtme was diluted to 200 ml with distilled vvater. 

The hesane used was certified A.C.S. hexanes (Fisher Scientific). 
Trimeth_vl(~:,a,rr-triffuoro-~~r-toI_vl)animonium iodide (TMTFTI) was prepared 

as foIto\vs_ A mixture of- IO ml of<c,cw:-triff uoro-fn-totuidine (practical grade, Eastman 
Organic, Rochester, N-Y., USA-) and 20 ml of methyl iodide (certified grade, Fisher 
Scientific) in a stoppered 250-ml erlenmeyer flask was stored for 24 h in the dark at 
room temperature_ A SO-ml volume of methanol and two boiling stones were added 
to the crystals and the suspension was heated in a vent hood until the vapors in the 
neck of the flask reached a temperatme between 60 and 65’. The flask was immersed 
in an ice-bath for IO nun, and the product was then collected on a buchner funnel_ 
The crystals were washed with a small volume of ice-cold methanol on the funnel. 
and suction was continued until the escess of solvent was removed. The damp product 
was transferred back into the erlenmeper flask and recrystallized from 25 ml of 
methanol_ The solution \\\as chilied, collected and washed as before. On vacuum 
drying at SO”, typical yields between 1.3 and 1-S g were obtained_ 

Aqueous trimethyl(rr,c~,tc-trifluoro-rrr-tol~~)an~n~~~niu~~~ hydroside (TMTFTH) 
(0.5 ~11) was prepared by mixing 0.66 g of TMTFTI (from above), 0.35 g of silver 
oxide (purified, Fisher Scientific), and 4.0 ml of distilled water together in a test-tube 
until a11 the TM.TFTI had dissolved. After centrifugation at 600 .r: for 1 min, an 
aliquot oftheclearsupernatant fluid was diluted ten-fold with distilled water and tested 
foriodidewith 0.1 ill silver nitrate in 6 122 nitric acid. If a positive halide test resulted. 
the agitation, centrifugation and testing procedures were repeated until no iodide could 
be detected in the reagent solution. The reagent solution 1x8s stored in a refrigerator- 

Methyl propionate-methanol (1:2) was prepared by mixing one volume of 
methyl propionate (Eastman Organic). which had been treated with anhydrous sodium 
carbonate, with two votumes of methanol- 

Gas-Iiquid chromatographic analyses were perf-armed on a Perkin-Elmer FI 1 
MK II dual flame instrument with 12 ft. :-: I/4 in. (3 mm I.D.) glass columns with 
removabIe glass inserts in the injection ports The columns were packed with pre- 
tested IO:/, EGSS-X on Gas-Chrom P, 100-120 mesh (Applied Science Labs., State 
College, Pa., U.S.A., Lot SP-1076). A O-5 mV recorder was used. The injection ports 
were maintained at 240” and the columns at lSO”_ The carrier gas was nitrosen at a 
Row-rate of 38 ml/min_ 

Procehres 
Total saponifiable fart-s acids from IOO-pl serum samples_ The serum sample 
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was mixed with 0.5 ml of methanolic potassium hydroxide in a 1 s-ml glass-stoppered 
centrifuge tube and heated for 30 min at 65” in a Temp-block heater_ After cooling 
with tap water, 0.7.ml of 1 IV phosphoric acid was added, the sample was mixed 
briefly on a vortex miser and again cooled. A S-ml volume of hexane was added and 
the tube was shaken vigorously by hand for 1 min and then centrifuged at 600~ for 
1 min- Nearly all of the hesane extract was transferred into a s-ml glass-stoppered 
conical centrifuge tube (Pyres No. SO6 1) with a disposable Pasteur pipette_ It was not 
necessary to transfer all the hesane, but care was taken to avoid transferring any of 
the aqueous phase_ A lo-,~l volume of the aqueous TMTFTH reagent was used to 
estract the fatty acids from the hexane. The contents of the tube were shaken and cen- 
trifused as above_ An aliquot of l,~l of the TMTFTH extract (lolver phase) was sand- 
wiched between two plugs of the methanolic methyl propionate mixture in the injec- 
tion syringe in the following way. A lO;(cl syringe was pre-wetted with the 112 methyl 
propionate-methanol. the needle was wiped, 1 ,uI of the TMTFTH extract was drawn 

16:o 
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Fig_ 1. Gas-liquid chromatography of fatty acid methyl esters derived from pooled human blood 
serum. The upper curve shows the elution pattern obtained by a conventional procedure (see test). 
The lower patterns were obtained b)f the new procedures described in this paper. 
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into the syringe. the needle was again wiped, and 0_5!11 of the methyl propionate solu- 
tion was taken into the syringe_ Drawing the plunger of the syringe back to the 5ytf 
mark and then depressing it to the 3-,rrl mark brings about sufficient mising. The 
sample was finally injected into the chromatographic unit_ The rcsufts are shown in 

Fig_ I_ 
Fwcfittr_t- ac-idr_fronr scv-m~ This procedure was similar to the one for the total 

Gtty acids except that a larger sample ofserum was necessary, it was not exposed to 
alkali, and the hesane extract was washed with dilute acid_ For example, I.5 ml of 
methanol, 5 ml of hesane and 0.5 ml of I M phosphoric acid were added with brief 
mixing after each addition to O-4 ml of serum_ The misture was shaken vigorously for 
I min and ccntrifused_ The hesane phase was washed twice with Z ml of 0. I 42 phos- 
phoric acid and then transt’erred to a 5-ml conical tube_ The ktty acids wcrc finally 
extracted from the hesanc extract with 5 /rl of TlMTf=TH_ 

Torrr/ saponifiable fart-t- acid~_from 5 p f qf smm_ This procedure was identica f 
with that described above for anafyzing 100-itI serum sampfes except for some minia- 
turization_ The serum sampIe was digested with 0.2 ml of methanofic potassium 
hydroside in a 5-mf glass-stoppered conic,11 centrifuge fubc. acidiiied with 0.3 ml ot‘ 
1 M phosphoric acid, and esrracted into 2 ml of hesane_ The hesane phase was es- 
tracted with 5;lI ofTMTFTH in a 3-inI glass-stoppered conic4 centrifuge tube (Pyres 
No_ SO61 )_ The results are show-n in Fig. I _ 

Thrf sapo~@&k jirrr_t- acids ji-om ncwfi~~ hiopy- risstrc* _Y~L~C~~~IL’IIS_ The biopsy 
specimen (e-g_, 3-5 mm :-: I-O-I_2 mm of liver) was placed in the bottom of a 5-1111 
gfass-stoppered conical centrifuge tube. The san~pfc was digested with 0.3 ml of the 
metf~anofic potassium hydroside for 30 min ;tt 65”. The contents oT tfle tube wcrc 

Fig_ 2. Gas-liquid chromatography of fktty acid methyl asters derived from needle biopsy sampkx of 
human liver and adipose tissue_ The samples were taken tixxn pmf-nrorfcwI specinlens b_v means of a 
Menghini liver biopsy needle7 I.10 mm I.D.. and were processed as described in the test. 
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TABLE I 

RECOVERIES OF FATTY ACIDS AFTER SAPONIFICATION AND METHYL ESTERIFICA- 
TION OF A REFERENCE ESTER MISTff RE 

Applied Science Fat and Oil Reference No. 6 was used in these studies. Rcsponsc factors obtained 
from ten nnal_vses of a dilution of the reference mixture wxe spplied to ten annl~ses of each of the cs- 
terification procedures. 

I-t:0 1.0 1.97 9 0.06 IS6 & 0.1 I Z-36 2 0.10 1.97 :. 0.07 
I6:O 30.0 30.01 * o-40 30.07 :!I 0.50 - 79 _ 61 A o-so 30.17 _ 2. 0.36 
16:l 3.0 3_OG f 0.x 1.71 +< 0.06 3 -3; -L 0.1 I 2.99 5; 0.06 
1x:0 11.0 13 99 - 

41:20 
0.11 11.13 * 0.20 10.s7 -g O-43 13.69 

; 
;rr 0.0s 

IS:1 41.0 0.16 11.19 2 0.3s 17.61 :h 0.50 41.15 1:: 0.36 
Iqrz . 7.0 6.91 .+ 0.12 6.71 & X13 7_s7 I;. 0.10 7-03 :‘. O-10 
IS:3 3.0 7.95 :t 0.06 722 + 0.0s 3.67 k 0.17 3_05 rk 0.06 

____-_- .--___ 

xnised 011 :L \xxtss nliser severtll tinles during the course ot‘the digestion_ Tfle reniain- 
der oftfle procedure was identical xvith the 5;rtf serunl procedure. Theresults aresho\vn 
in Fig_ 2. 

RESULTS 

In order to dcternline the reliability of. our procedure, two approacf~s were 
used_ In the tirst approach, ;I nlistiire of http acid methyl esters of known qualitative 
and quantitative composition was chromatographed. The elution pattern of tflis 
sample wts compared with the chronxttogranx obtained after saponitication, estrac- 
tion, and re-methyfation by ;I number of established esteriiication procedures and by 
our new method. Table I shci\vs the results ofthis study. It can be seen that our nietfiod 
yields essentially the sanle results as obtained with the original esters and is at feast 
as good as other esterilication procedures_ 

TABLE II 

XNALYSLS OF FAIT\’ ACiDS FROhi POOLED HUMAN BLOOD SERUM 

F~t-irrr_r ucid ~Vvrm~iixd pmh- urctz 2: sramlard _+1-idm 
_.~ 

~~i~Jl-:~llO_~f~*-BF,- 7-M TFTH - - 
.- _.._..__..~.. 

l-1:0 0-9-z :i 0.04 0.91 + 0.03 
1631 ‘5.16 f 0.23 ‘5.31 :5 0.19 
16:l 1.01 & 0.03 4.0’ & 0.0-I 
1 s :o 7.09 r_ 0.09 6.70 -2. 0.23 
IS:1 31.60 5 0.23 31.21 ; 0.09 
IS:? 2.23 I_t 0 2’ 
70:3 1.13 f 0.0s 

” 62 --_ 2 0.0s 
1.46 f 0.03 

104 6.55 5 0.20 6.75 & 0.05 
___-- 

- Results from analyzing six X.0-ml atiquots of serum. 
-_ Results from analyzing six IOO-icl aliquots of serum. 
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In the second approach, used to determine the reliability of our new procedure, 
a sample of pooled human blood serum was analyzed severaf times by an accepted 
conventional procedure -extraction according to Folch ef al_* followed by sodium 
methoside methanoiysis’ and boron trifhloridc metfyiation3- and by the procedure 
described here for analyzing IOO-,uI serum samples- The results of this study are pre- 
sented in Table II and show that our new method yields data that are in escelfent 
ttgeement with a we11 established procedure. Fis. 1 sho~vs the chromatograms ob- 
tained_ 

The determination of the relative wnounts of the individual htty acids in all 
theseanalyses xvere performed by multiplying tile peak height of each ester by its reten- 
tion time ss measured from the point of injection. We find tflat the precision obtained 
by this means is wice ~1s good as that obtained through the use ofa disc integrator on 
tfle same chromato~i-elms_ This is in agreement v:itfl the tindinss of Grant atxf Cfarke4. 

DISCUSSION 

Methylation of carbosyiic acids by thermt~i degradation of their quatcrnnry 
ttmmonium stkits in the injection port ol-a gas cf~ron~atograpi~ \V;LS lirst demonstrated 
bx Robb and Westbrool?, who injected tetrtimeth~ittmmonium hydroside solutions 
of a number of acids into a hot vaporizer and obtained chromatogrt~ms oi‘ the 
corresponding methy esters. Downing and Greene6 sho\:ed that the polyunsaturated 
fitty acids did not surmise this treatment unless the excess of alkali was exxtfy neu- 
tralized with acetic acid_ Brochmann-Hanssen and Oke? sho\ved that trin~eth_vfl~f~tnyi- 
ammonium hydroside accomplished a more ellicient N,N-dimeth~fatio~l of barbitu- 
rates than did the tetran~eti~yIttn~nzonium reagent_ They attributed this diliircrxe to 
the t-act that dimetf~yianiiir.e is a better leaving group than trin~eti~yian~ice_ Cakes 
and WiiIiss went one step further and used trimethyi( c:,c:,c~-trifluoro-fir-t~~i~ilaiiiiiio- 
nium hydrosi\de to meth_viate urinary ctlrbosyiic acids siccc din~etf~~~f(trifi~~oro)t~~i~~- 
idine should be a better leaving group than din~e~l~yianiiine_ in support of this claim, 
they demonstrated that a io\i-er injector temperature could be used with their reagent 
than was necessary with the trin~ethyipi~enyI reagent, which in turn was iowzr than the 
temperature necessary to produce good yields of metf~yfated compounds From the 
tetramethyIan~moniun~ reagent. 

It appears that there is a considerable dilkcnce in the alkalinities of these tfxce 
reagents_ Tetrametf~~Ittmmonium hydroxide causes essentizfiy complete destruction 
01 the poi_vunsaturated t>tty acids- trimethyfphenyianmloniun~ hydroside causes less 
destruction, and the trimetl~~i(tri~uor~~t~~i~i~an~moni~~m hydroside causes even less. 
When a stoichiometric excess of methyl propionate is mised with the alkaline samples, 
the recoveries of the polyunsaturated fiitty ncids improve. The recovery of the poiy- 
unsaturated t>tty xids is not complete \:hen methyf lxopionate is mised with the 
t\!o more alkaline quaternary ammonium hydroxide estracts. but when meth_vf 
propionate is mised with the trimeti~yI(trifiuorotoIyilan~n~onium ii>-drosideestract as 
described in our procedures. no degnldation of iinofe~tc. finoienttte orrtrachidonate can 
be detected_ Apparently the escess alkalinity of- the reagent is neutralized as a conse- 
quence of the hydrolysis of the propionateester in tfx vaporizer of thechromatographic 
unit_ We find this “ester neutralizztion‘z to be much more convenient than trying to 
add exactly the right amount of acetic acid. 
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The lower vaporizer temperature that can be used with Oakes arid Willis’ 
reagent has the advantage that an> r gas chromatographic unit with a vaporizer that 

can be kept at 240” produces suficient conversion of the quaternary salts into their 
esters for good quantitative data_ The need to heat the vaporizer to 360’, as is the 
case with the tetramethylammonium salts, is not possible M ith some equipment. 

The extraction technique used in our procedure, where the acidic and neutral 
orgsnic fractions are estracted from the acidified sample into an organic solvent and 
then the acids only are estracted from the organic phase into a very snmll volume of 
the alkrtlinc methyltttkg agent. is prrtterned after the successful methods developed 
in this laboratory for the analysis of acidic drugs 9-1o The use of a verv small volume _ 
of the quaternary anmwniun~ h;drosidt yields ;I suflicicntly concentrated sample to 
allow direct injection into the chromttto~clphic unit without any time-consuming and 
destructive evaporation steps. 

Although only limited studies have been perlkned with zil internal standard, 
the results have been encouraging. It appears thr:.t when k~~own conccntrtltions of 
heptadecanoic acid are added to the alkaline hydrolysis reagent, the results obtained 
can be accurately espressed as the weight ofeach measured fatty acid per unit weight 
or volume of sarnplc. 

The rate at \vhich the sample is cspclled from the syringe into the vaporizer of 
the chrc~matc~grttphic unit has an intluence on the I\ idth of the solvent response, the 
peak heights and the resolution of the peaks. This is true for pm-formed derivatives 
as well as for derivatives formed in the injector_ In somesituations, slow injection ~110~s 
drailrrtic ndunntagcs over rapid injection”‘_ In the current study. onlv slightlv taller _ 
peaks were obtained on ~101 8: injection. so \\e used the conventional rapid injection 
technique in all our antllyses. We strongly recommend that the best rate of injection 
be determined for a @yen instrument for each set ofchrom~~togctphic conditions used. 

as the geometry of the inlet system, the injection block temperature. the back-pressure 
of the column. and the Ilo\\--rate of the carrier gas a11 appear to influence the elution 
pattern. 

TABLE III 
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We have described two procedures for analyzing different-sized samples of 
blood serum (100 and 5 ?‘I)_ The analyses obtained by means ofthe ZipI procedure vary 
only slightly from those obtained with the IOOp1 procedure, as can be seen in Table 
III. Some improvement is obtained when corrections are made by subtracting the 
small petlks arising from reagent blanks_ These corrected data are also found in Table 

111, and it can be seen that useful data can be obtained in this way. The limiting factors 
influencing the accuracy and precision in these ultramicro analyses are “ghosting” or 
“memory” ellicts and any trace impurities in the reagents_ The former probiem is 
most serious when the analyses are performed on dilute specimens immediately after 
concentrated samples- It appears that satisfactory corrections can be made through 
the use of blank samples_ 

The method described in this paper was designed for the determination of the 
total saponifiable ktty acids (Fatty acid esters and free fatty acids) in small biological 
specimens_ Neither this procedure nor the double esterification of the isolated lipids 
of the control procedure yields methyl esters from the fatty acid amides of the 
sphingolipids. Such amides require prolonged heating in acid for release. 

Cholesteryl esters. phospholipid esters, triglyceride esters and free fAtty acids 
are all quantitatively converted into their methyl esters by our new procedure when 
:he saponification step in included_ 

Any plasmaIogens in the specimens do not yield dimethylacetals by our procc- 
dure. Although the enol ethers could be cleaved during the acidification of the saponi- 
tied sample, and the released aldehydes could be estracted into the hesane phase, they 
would not be extracted into the aqueous TMTFTH phase. 

Extracted lipids and food fkts can also be analyzed by our new procedure if 
suRiciently small samples are taken_ Obviously it is important that sutlicient TMTFTH 
be used for extraction of the Gtty acids. Insufficient TMTFTH would result in loss 

of some of the tkty acids and might even result in the deposition of free 1Aty acids in 
the chromatographic column where they would contribute “memory“ or “ghost‘- 
peaks. 
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