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SUMMARY 

A method for the determination of free fatty acids in minute serum samples 
has been developed. The acids are esterified by extractive alkylation, using tetrabutyl- 
ammonium as a counter ion and pentafluorobenzyl bromide as alkylating reagent. 
The derivatization of palmitic acid required a reaction time of 25 min. 

The excess of pentafluorobenzyl bromide is removed by coupling it with a 
phenolalkylamine and extraction of the product into an acidic aqueous phase. 
Quantitation is carried out by gas chromatography with dectron capture detection. 

The precision achieved in the determination of 6.2 pg of palmitic acid in 50 ~1 
of mouse serum was 6.1% (SD.). 

___ 

LNTRODUCFION 

F-me fatty acids in serum are usually determined, after methylation, by gas 
chromatography (GC) with flame ionization detection. The acids are methylated with 
diazomethane’, methanol and sulphuric acid2, methanol and boron trifluoride3, by 
flash methylation4, with methyl iodide in the presence of potassium carbonate5*6 and 
by methanolysis of the imidazolide of the fatty acid’. 

Extractive alkylation is a convenient method for derivatization of acidic or- 
ganic compounds. The acid is extracted as an anion with a quaternary ammonium 
ion into an organic phase containin, = the alkylating reagent. Extractive methylation 
has been used prior to GC with electron capture detection for the determination of 
chlorthahdonea, furosemideg, hydrochlorthiazide’*, nitrazepam”, and clonazepam and 
flunitrazepam” in serum samples. The high electron capture response. in these in- 
stances is due essentially to the contribution from the original molecule. For acidic 
compounds not exhibiting electron capture properties, an electrophoric group can 
be introduced by extractive alkylation. After alkylation with pentafluorobenzyl (PFB). 
bromide, pentazocine” and theophylline’” can be determined in serum by electron 
capture detection in concentrations down to the ng/ml level. The same derivatization 
prinoiple has been used in this study for the determination of free fatty acids in minute I 
serum samples. 
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The excess of alkylating reagent (PFB bromide), however, disturbs the electron 
capture detector (ECD) and must be removed from the final solution prior to the in- 
jection into the gas chromatograph. Several methods for overcoming this difficulty 
have been proposed. The PFB ether of the aminophenol pentazocine13 can be separated 
from the excess of reagent by extraction into an acidic aqueous phase. This principle 
has been used for the determination of theophyllinelJ. The PFB bromide can also be 
removed by evaporation15J6 but this may &e rise to difficulties caused by its high 
boiling point (174”). Liquid chromatography has also been used”‘. 

This paper presents a method for the removal of the excess of the reagent by 
coup& the PFB bromide with a phenolalkylamine followed by re-extraction of the 
product into an acidic aqueous phase. A similar procedure has been used by Sumida 
et ai.‘* for the removal of excess of 2&dinitrofluorobenzene. 

EXPE_RIMENTAL 

Gas chromatography 
The following apparatus and conditions were used. An Aerograph 600 D and 

a Varian 1400 gas chromatograph fitted with flame ionization detectors and glass col- 
umns (150 x 0.2 cm I.D.), packed with 5 % OV-17 on Gas-Chrom Q (SO-100 mesh). 
Column temperature, 220”; nitrogen ff ow-rate, 30 ml/min. 

A Varian 1400 gas chromatograph equipped with a =Ni detector, o_perated in 
‘rhe &c. mode, and a glass column (90 x 0.2 cm I.D.) containing 3% OV-17 on 
Gas-Chrom Q (SO-100 mesh). Column temperature: I95”; detector temperature, 
285”; nitrogen flow-rate, 30 ml/min. 

A Hewlett-Packard 5710 gas chromatograph equipped with a constant-current 
63Ni detector and a glass column (120 x 0.2 cm I.D.), packed with 5 y0 OV-17 on the 
same support as above. Column oven temperature, 205”; detector temperature, 300”; 
carrier gas (argon with 5% methane) at a flow-rate of 50 ml/min. 

Mass spectrometry 
An LKB 9000 instrument with an ionization energy of 70 eV was used. The 

gas chromatographic separation was performed on a glass column (210 x 0.4 cm 
I.D.) packed with 60/, SE-30 on Chromosorb W (80-100 mesh). 

Reagents and chemicals 
PFB bromide was obtained from Pierce (Rockford, Ill., U.S.A.) and tetra- 

butylammonium (TBA) hydrogen sulphate was kindly supplied by Hz%sle (M&&al, 
Sweden). Hordenine suiphate [4-(2-di~ethylaminoethyl)phenol sulphate dihydrate] 
was purchased from EGA-Chemie (Steinheim bei Heidenheim, G.F.R.) and margaric 
acid (pure) from Koch-Light (Colrzbrook, Great Britain). Methylene chloride (ana- 
lytical-grade quality) and n-heptane (Uvasol) were supplied by Merck (Darmstadt, 
G.F.R.). A!1 other reagents were of analytical grade. 

Determination of partition properties 
The extraction constants of the TBA ion-pairs of Iauric acid and. hordenine 

into.methylene chloride were determined according to methods outlined by Gustavii 
and Schiillg. ‘_ 
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The partition coefficients of PFB-hordenine between heptane and water was 
determined at pH 5.9-6.2 (phosphate buffer, ionic strength = 0.1). Quantitation was 
carried out by GC using tetracosane as internal standard. 

Derivbtization with PFB bromide 
Palm& acid and the internal standard (docosan) dissolved in 1 ml of methylene 

chloride were mixed with 1 ml of 0.1 MTBA hydrogen sulphate solution (pH 8 or 10) 
plus 10~1 of PFB bromide in a centrifuge tube. The mixture was shaken in a 
mechanical shaker operating at 60 strokes per minute. 

The reaction was quenched by the addition of 0.5 ml of 1 M sulphuric acid 
and the tube was shaken for 2 min. A l-p1 volume of the organic phase was then 
injected into the gas chromatograph equipped with a flame ionization detector_ The 
peak height ratio of the PFB derivative to the internal standard was calculated. 

The reaction of hordenine with PFB bromide was studied in the same way. 
The peak height ratio of PFB bromide to internal standard (mesitylene) was measured. 

Determination of electron capture detector response 
PFB esters of palmitic, margaric, oleic and linoleic acid were.prepared in 

milligram amounts and their solutions in heptane injected into the chromatogaph. 
The minimum detectable amounts, as defined by Walle and Ehrsson”, were deter- 
mined at detector temperatures of 22&370” with 4chlorobenzophenone as reference_ 

Determination of palmitic acid in serum 
(1) A lO-SO-p1 volume of serum was acidified with 500~1 of 1 M sulphuric acid 

and mixed in a centrifuge tube with 500 ,~l of heptane containing 4 pg of margaric 
acid (internal standard). The tube was shaken mechanically for 15 min and centrifuged 
at 2CK@ rpm for 2 min. 

(2) The heptane phase was transferred to a fresh tube and extracted with 50 
yl of 0.1 M sodium hydroxide for 15 min. After centrifugation, the heptane phase 
was discarded. 

(3) A 250-,uI volume of 0.1 M TBA hydrogen sulphate in 0.2 M sodium hy- 
droxide and 250 ,ul of a 0.066 h4 solution of PFB bromide in methylene chloride were 
added to the remaining aqueous phase. The tube was then shaken for 2.5 min. 

(4) After addition of 50~1 of 0.5 M hordenine sulphate in 1 M sodium hy- 
droxide, the tube was shaken for 45 min. 

(5) The aqueous phase was discarded and the methylene chloride was gently 
removed with a stream of nitrogen at about 30”. 

(6) A 2CJO-~1 volume of heptane and 2.5 ml of 0.1 M sulphuric acid were added 
to the residue, and the tube was shaken for 15 min before centrifugation; 2.0 ml of 
heptane were added to the tube and 1~1 of the heptane phase was injected into the 
gas chromatograph with ECD. 

._ 
RESULTS AND DfSCUSSION 

The pre-chromatographic procedure 
The first step in the method for the determination of palmitic acip in serum is 

the extraction of the acid, from the strongly acid&xl plasma, into heptane followed 
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TABLE I 

R4RTIkON COEFFICIENTS, ACID-DISSOCIATION AND ExTR4CTION CONSTW 

ke = [I-IX],,e/[HXj,q = partition cc-ef?icient; &SAX = tTBA.X].,,/~A],, -t IX],, = extnction 
constant of ion pair between =A and X- ; ionic strength of buffer solutions = 0.1. 

Compound Organic phase I.. Aqueous&se __ PKYX k? km,, -~-&SAX 
-- 

Palmitic acid Heptane (carbonate buffer) 4.8 5.7 (ref. 21 j - 
PFB-hordeniue Heptane phosp,$ate buffer 10 4.4 - 

Laurie acid Methylene chtoride 0.1 Msodiurn hydroxide, - 4.1 (ref. 22) 
2 X’ lo-‘M’fBA 

Palmitic acid Methylene &&de - 7.5’ 
Hordenine Methylene chloride 0.1 Msodium hydroxide, 9-s, 10.0 - 0.2 (ref. 22) 

1 x lo-‘MTSA (ref. 23) 

* Estimation based on the assumption that log E TBAX changs 0.6 unit per d!cyl carbon”. 

by its re-extraction into 0.1 M sodium hydroxide. The partition coefficient in Table I 
‘indicates that quantitative extractions will be obtained in both instances. It should be 
noted that Westerlund and S6derqvistzS by re-extraction from methylene chloride 
obtained a recovery of about 80 % at the actual concentration level (10m5 M). 

The palmitate is extracted into methyiene chloride as an ion pair with TBA. 
The high extraction constant (Table I) indicates that a complete transfer is obtained_ 

Palmitate is alkylated with PFB bromide in the methylene chloride solution 
and the remaining PFB bromide is coupled with hordenine, which is transferred to 
the organic phase as an ion pair with TBA. The extraction constant is rather low (Table 
I) but the concentration of the hordenine ion pair is sufficient to give a quantitative 
reaction within 45 min (Fig. 1). 

After ,evaporation of the methylene chloride, the residue is dissolved in 
hepTane and the product formed by the reaction between hordenine and PFB bromide 
is removed by extraction into sulphuric acid. 

Fig. 1 _ Disappearance. of PFB bromide when caused to react with hordenine. For experimental con- 
ditions, see Derivatization wfth PFB bromide. Sample: 0.066 h4 PEE bromide in methyIene chloride, 
TBA (pH 13) (1 ml each) and 200,ul of 0.5 M hordenine solution. 

Extractive alkylatiotz of palmitic acid with PFB bromide 
The extract&e alkylation of organic acids has been. the subject of investiga- 

tio~P~. The in&en& of the reaction medium, pM and the nature. and concentration 
of the counter ion and alkylating reagent has beerrstudied to some extent. 
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The reaction between palm&ate 2nd PFB bromide has in this study been fol- 
lowed by GC witk ff ame ionization detection. Before injection of the reaction solution, 
rem2ining ion pairs of palmitate were removed by extraction with sulphuric acid in 
order to prevent further alkylation in the injector of the gas chromatograph. 

By extractive alkylation, the pH of the aqueous phase is usually brought to 
about 13 so as to ensure that the acid is mainly extracted 2s an ion p2ir. In this 
instance 2 rather wide pH range can be used without significant influence on the time 
for complete reaction. An iiiustration is given in Fig. 2, which shows the results ob- 
tained with p2lmitic acid at pH 8 and 13 with 0.1 MTBA hydrogen sulpkate as aqueous 
phase. 

Fig 2. PFB alkylation of pdmitic acid. For experimental conditions, see Derivatization with PFB 
bromide. A, Palmitic acid, 4 x 10m3 M, and pH of aqueous p!cae 13; 8, palmitic acid, 1.3 x lo-' 
hf, and pK of aqueous phase 13, ECD; I, palmitic acid, 4 x 10m3 M, and pH of aqueous phase 8 

The yieId of PFB palmit2te was constmt at reaction times between 25 min and 
3 h, which indicates that no hydrolysis takes place. 

The concentration and the chain length of the quatemary ammonium ion 
will influence the degree of extr2ctionrg*“. In this event 0. I M TBA hydrogen sulphate 
will give a quantitative extraction as mentioned above, and no improvement in the 
results was observed by use of the tetrapentylammonium ion. TBA was preferred as 
it will give rise to less co-extraction of impurities from the sample. 

An increase in the concentration of PFB bromide will decrease the time for 
quantitative reaction, 2s illustr2ted in Fig. 3. A PFB concentration of 0.066 M will 
give complete reaction after 25 min, while more than 70 min are required at 2 concen- 
tration of 0.013 M. 

It is likely that the alkylatio& rather than the extraction is the rate- 
hetermining step. The yield of PFB palmitate was 93 % at 2 concentration of 10m5 M, 
determined with 2 known amount of pure PFB palmitate 2s reference. 

The PFB esters of the fatty acids and the PFB ether of hordenine were 
identitied by mass spectrometry. All esters gave nz/e 181 (PFB) as the base peak. The 
PFB ether of hordenine gave 2 base peak at m/e 58 emanating from a-cleavage of the 
dimethylaminoethyl side chain. The PFB ion was the second in intensity but consti- 
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Fig. 3. PFB alkylation of paknitic zxid. For experimental conditions, see Derivafization with PFB 

bromide. 0.013 M (m) and 0.066 A4 (A) PFB bromide and pH of aqueous p&k 13. 

tuted only 8 oA of the base peak. These data as well as the further fragmentation con- 
firm the identity of the derivatives. 

Gas chromatographic separation of PFB esters of fatty acids 
The gas chromatomphic separation of fatty acids as methyl esters is usually 

performed on stationary phases of the ester type1-7*27, and the PFB derivatives of 
palm&, stearic, oleic and lino;eic acid are separated. on the ester phase EGSS-X. 
This phase could not, however, be used with the electron capture detector owing to a 
disturbing column bleed. 

In the method of determination, OV-17 was used as stationary phase. It is not 
likely that this phase will separate unsaturated and saturated C,, acids. 

Electron capture detector response of the PFB esters 
The PFB derivatives of acids*sJ6*B, pheno1s13*17*2g,“o, primary amines3’ and 

tertiary amities 32 show high response in the electron capture detector, the minimum 
detectable amounts being in ‘rhe order 10~~~ mole/set cr equivalent to an injected 
amount of a few picograms. 

The PFB esters of the fatty acids give an electron capture detector response of 
similar magnitude, as illustrated in Table II, and the temperature dependence is slight. 

TABLE Li 

ELECTRON CAPTURE DETECTOR RESPONSE OF PFB ESTERS OF FATT?T ACIDS 
Apparatus: Hewlett-Packard 5710 A. 

Compound Retention relative to 
44hlorobenzopherzvze 

Minimum detectable 
arno~nf ( x IOz6) a: 
detector temperatrue 

4_Chlorobemopheno\ne 1.0 
P,FB ester of 

palinitic acid 4.4 
margzric ;?cid 6.3 
deic acid 8.8 
Iinoleic acid 9.2 

220” ~3rn” 37P 

11 25 36 

- 1.7 - 
20 20 3.3 

.27 - 
2.4 2.6 4.7 
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mi” 5 0 min s 0 

Fig. 4. Determioation of fatty acids in serum. For experimental conditions, see Determination of 
paIRiSc acid in serum. Sample: a, lOpI of serum from mouse; b, 10~1 of water. Instrument: Hewlett- 
Packard 5710 A; attenuation setting: 128. MA = myristic acid; PA = palmitic acid; IS = internal 
standard (margaric acid); SA = stearic acid; C = contaminant from hordenine. 

Applicafion of method for determination of fatty acids to bioIogica1 samples 
An analysis of 10 /*I of mouse serum accordin,o to the method of determination 

is given in Fig. 4a. Margaric acid (heptadecanoic acid), which is normally present in 
insignificant amounts in serum, was used as internal standard. A standard curve for 
palmitic acid is shown in Fig. 5, and was prepared by use of solutions of palmitic 
acid in heptane (step I of the method is omitted). 

- A biiiik determination carried out with distilled water as sampIe:gave chroma- 
to,oranas with peaks that had the salme retention times as the PFB esters of fatty acids, 
an illustration of which is given in Fi g. 4b. Careful washing of al! glass equipment, 
distillation of the solvents and purification of other reagents did not reduce this 

peak height 
rat10 

3 

Fig. 5. Standard curve for the dete~&~tion of pahitic acid. For experimental conditions, see 
Determinafiim ofpahitic acid in serum_ Instrument: Hewlett-Packard 5710 A. Palmitic .zcid dissolved 
in I&+E (no serum present). Internal standard: margzic acid, 4~g. 
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background level. The disturbing peaks app&ed only after alkylation with FFB 
bromide, which indicates that they represent free fatty acids. The bac&ound level 
in different sampIes varied in relation to the internal standard, but the relative con- 
centrations of the acids was fairly c&stant. The background Jevel of palmitic acid 
corresponded to about 200 ng per sample. Free fatty acid blanks have been observed 
pteviously3*‘. 

After treatment with hordenine, a disturbing peak appeared in the chromato- 
gram at a position where it interfered with that of the internal standard. Purification 
of hordenine by batch extraction did not, however, remove the disturbing component. 
It is therefore necessary to use an accurately known volume of the hordenine solution 
if high precision is required. 

Determination of palmitic acid in six samples of ~Q*uUI of mouse serum gave a 
s-andard deviation of 6.1% and a level of 6.2 pg. 
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