
269 

.huma~ of Citromafo@u~izy, 182 (1980) 269-276 
Biomedical Applicatianc 
g, Ekevie Scie&ific Fublisbimg Company, Amsterdam -Printed in The Netbedanck 

THE U’SE OF FORMIC ACID IN CARRIER GAS 

RAPID METHOD FOR IDENTIFICATION AND DETERMINATION OF 
PHYTANIC ACID BY GAS CHROMATOGRAPHY-MASS 
SPE~ROMETRY-CHEM~G~L IONEATION 

B. PILE- and PH. BEAUNE 

Laboratoire de Biochimie. U 75 Itzserm, 156 rue de V~ugirard, 75730 Paris Ced& 15 
(Prance) 

M.H. LAUDAT 

Groupe de recherche sur Ie metrrbolisme des lipides. U 35 Inserm, NGpitul Henri Mondor, 
94010 CrPteiZ (Fence) 

and 

P. CARTIER 

Labomtoire de Biochimie, U 75 Inserm, 156 rue de Vaugimrd, 75730 Park Cedex 15 
(France) 

(First received November 27th, 1979; revised manuscript received January 22nd, 1980) 

SUMMARY 

A rapid gas chromatographic method to determine phytanic acid in plasma from Refsum’s 
disease is described. After a brief alkaline hydrolysis of lipids, the biological sample is 
directly injected into a glass pre-column; an acid carrier gas (formic acid in nitrogen) is used 
to diilace the long-chain fatty acids from their sodium s&s and from their binding to 
proteins. Formic acid introduced through the column may ako be used as a reagent gas for 
chemical ionization in combined gas chromatography--mass spectrometry; fatty acids (C,, 

b G&l:, and phytanic acid) are easily identified. by their M + 1 (base peak) and M - 17 
peaks. me described procedure is also suitable for studying normal fatty acids from plasma 
lipids. 

INTRODUCTION 

The use of an acid carrier gas in gas chromatography (GC) has been shown to 

*To whom correspondence sballld be ad&e. Present address: Centre HospitaIier, B-P. 
465. Pointe 5 P&e. 97110 France. 
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be useful in the screening of some metabolic disemes by allowing direct injec- 
tion of plasma volatile fatty acids (VFA) and limiting artefacts due to the ad- 
sorption of free VFA on the cohunn [l-3]. Moreover, formic acid in carrier 
gas may be used as the reagent gas of chemid ionization in combined gas 
chromatography-mass spectrometry (GC-MS) [4] which allows an easy iden- 
tification of the acids by their (M + 1) ions. When used with Carbowax 2OM as 
stationary phase, this technique is suitable for the deh - tion of CZ to C, 
plasma VFA, saturated or not, branched or not, but this column packing is not 
polar enough to allow a rapid separation of longchain fatty acids. 

As previously described [ii], the use of 10% SP 216 PS as stationary phase 
allows a rapid efution of Cl,, to CL8 f&e fatty acids_ So it seems inter&mg to 
adapt the technique of oncolumn elution to the analysis of longchain fatty 
acids by using SP 216 PS as stationary phase. This procedure, which bypasses 
the tedious extraction and derivatization steps, should be much more rapid 
and simple than previously described methods for the identification and e&ma- 
tion of phytanic acid in the diagnosis and care of Refsum’s disease [6- -81. 

Refsum’s disease is an inherited lipid storage disease in which phytanic acid 
(3,7,11,15-tetramethylhexadecanoic acid) accumulates in various organs and 
fluids; this accumulation is due to the failure of the a-oxidation system which 
allows the conversion of phytanic acid to the a-hydroxy derivative. Phytanic 
acid, virtually undetectable in normal plasma, has been found, up to 1.7 mg/ml 
in the blood plasma of patients with Refsum’s disease 19,lO J _ 

MATERIALS AND EfETfIODS 

Principle 
After a rapid alkaline hydrolysis, the biological sample is directly injected 

into a glass pm-column. Fatty acids are displaced from their salts and protein 
binding by a formic acid flow saturating the carrier gm. 

Reagents 
Formic acid (98%).was purchased &om Baker (Deventer, The Netherlands), 

stationary phase SP 216 PS from Sulpelco (Bellefonte, PA, U_S.A.), other chro- 
matogmphic reagents tim Varian Aerograph (Wzlnut Creek, CA, U.S.A.), 
phytanic acid from Applied Science Europe (Oud-Beijerland, The Netherlands) 
and other chemicals from Merck (Darmstadt, G.F.R.). 

All volumes were measured with Hamilton syringes. 

Gas cfiron2afogTuphy 

An Intirsmat IGC 120 DFL dual-column gas chromatograph equipped with 
a flame ionization detector (FID) was used without modification. The injector 
was equipped with a glass precohunn (Insert tube Interssat) carefully acid- 
washed, rinsed out, then heated overnight at 270% in the injector port. This 
injector was maintained at 270°C and the FfD at 200°C 

The stainless-steel column (2 m X 2 mm I.D.) was packed with 10% SP 216 
PS on Supelcoport (100-120 mesh) and was open&d isothermally at 170°C. 
Just before gas entry, the nitrogen Row (40 ml/min) was saturated with acid 
by flowing without bubbling over 1 ml of pure formic acid contained in a 5-m.l 
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screwcap vial as previously described 131. The use of pure anhydrous formic 
acid was necessary to avoid a premature deterioration of the column, especially 
with a polar phase such as SP 216 PS. 

Combined gus chmma fography- spectrmnetry 
Combined GC-MS was performed on a Ribermag IO-LO B equipped with a 

Girded 30 gas chromatograph and a Ribermag 400 date system computer. GC 
conditions were identical, except for the carrier gas (helium instead of 
nitrogen) and column temperature (200°C instead of 170°C). GC-MS interface 
temperatuze was 250°C, electron energy 70 eV, formic acid in the carrier gas 
was used as chemical ionization reagent gas, each mass born m/e 100 to m/e 
400 was integrated during 5 msec. 

Procedure 
Internal standard, pentadecanoic acid in methanol (5 ~1) and 20 ~1 of 10 M 

sodium hydroxide were added to LOO ~1 of heparinized plasma obtained from 
blood drawn at the finger tip_ After 2 min at 2O”C, the solution was rapidly 
centrifuged and 1 ~1 injected into the gas chromatograph. Between injections 
of biological samples 10 ~1 of 50% (v/v) formic acid were injected in order to 
clean the pre-colurnn from residual compounds possibly present. In such con- 
ditions, the pre-cohnnn was used for up to about 20 injections with protein- 
containing samples. 

RESULTS AND DISCUSSION 

As noticed by Skrbic and Cumings [II] phytsnic acid in plasma from 
Refsum’s disease is esterified and represents up to 35% of total fatty acids. So 
it is necessary to hydrolyze phytanic acid from its plasmatic esters, which is 
rapidly performed under strong alkaline conditions (1.7 M sodium hydroxide, 
final concentration) (Pig. 1). The injection of more than 1.~~1 of such a solution 
into the gas chromatograph raises some difficulties with regard to the quantity 
of formic acid found in the injection port during the injection time and it is 
necessary to displace the sodium salts of fatty acids. One microlitre gives 
sufficient sensitivity and creates no problem, but the injection of a larger 
volume (e.g. 5 ~1) of alkaline solution leads to a non-quantitative recuperation 
of injected material and appearan ce of ghost peaks due to lihe displacement of 
the residual salts during subsequent aqueous injections. The linearity of the 
detector response has been tested on six concentrations from 0.5 m&f to 10 
mM for C14, C16 and Cls in chloroformic solutions. This study has shown that 
detector response was quite linear for each acid at the quoted concentrations 
and the response coefficient was very close from one acid to another (1.33 
per mm01 for Cl& 1.31 per mm01 for C14). 

Thus, results of phytanic acid determinations are expressed in reference to 
c XSI assuming a similar response coefficient; C15 was chosen as an internal 
standard, because it is chemically related to phytanic acid, practically absent 
from biological fluids, and is well separated from C,4 and C16_ It was added in 
the concentzation range of phytanic acid in plasma fEom Refsum’s disease. The 
small systematic error possibly arising from reference to CIs is not a real 
problem in clinical applications. 



NaOH FINAL 

Fig_ I_ In.fluezme of final sodium hydroxide co~eentration on the liberation of fatty acids 
from normal plasma lipids. RemIts are expressed as area ratios to internal standard (Cl,): 
-, Cx.; 0; Cm 0, Cm:, =d *, Cmz. 

An error by excess iu quautification could be made because of the poor 
separation of Cl, and phytanic acid on SP 216 PS, but Cl7 is present in a small 
amount relative to phytanic acid in Refsum’s disease. 

Standard detiation, studied by ten repetitive determinations on pktsma from 

Fig. 2. Chemical ionization (formic acid) zmss spcch of four Eatty k&?s. (a) Phytanic zcid, 
M+l= 313; (b) palmitic acid C,,. M + 1 = 257; (c) stemic acid C,,; M + 10 285; (d) chic 
acid Cls:,, M + 1~ 283. Spectra were identical tith:thoge of authentic EG&. 
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Results in Refsum's disease; cor~par&on with other procedures 
The described technique was first tested to quantify the plasmatic non- 

A 

Fig_ 3_ Mass chromatograms of the fatty acids hydrolysed by 1.7 N sodium hydroxide. For 
GC-MS conditions see test. (A) Normal plasma and (B) Refsum’s disease plasma. To achieve 
a mare rapid separation, mass chrornatogra~~~ in the GC-MS system were performed at 
200°C whereassimple cbromatographic separations had been realized at ‘170°C; the elution 
time of pbytanic acid relative C,, knd CT,,:, *as modified by this temperature differexe. 
Formic acid vnts u.wA as carrier gas aEd as a reagent gas in chemical ionization Each mass 
corresponds to the M + I base peak of a fatty acid. F,ach chromatogram is aormalized on 
the largest peak so that 313 peak of Fig. 3A is practically nonexistent and does not corre- 
@and fd phytanic acid- 
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estersed fatty &id -(NEFAj but? it is not sensi~e iMu@c;naer the de&b& 
cbxiitions to -allOw- an estimation of_ each~ d.ass of NEFA.-FQ E?&bum’s~digease, 
Fig_ 4-shows that- phytazik acid is undetectablei ‘in the NEF‘A &sma -fraction. 

The phytanic- acid contempt of hydklyzed plasm&lipids of lT&%.mx’ti disease 
(three patients) (Fig. 5) +a~ compared .by fxo proqxiures (T&e E);-tie &owe 
described on~oltimn injection method and the t3as&A extra&tin imd methyla- 
tion &xed~. Sampks were treated by chloroform-methand (i:l;v/w), and 
the ~z&act evaporated and metl&&ed [8]. After coixentration, &e ie&&ing 
sohltion Ffas injected onto 10% polyethylene glycol tip&e -oxI tiiatomik 
(POO-120 mesh). All results were expressed with reference to CS 

min. 
pii. 4. Non-esterified fat& acids profile in plasma fmm Refbum’s disease. Peeks: 1 = Crr; 
2 = C,*; 3 = c,,:,; 4 = C,, and phytazic acid; 5 = C,,; 6 = C,,,,; 7 = C, sII. For chromate- 
graphic procedure, see text. Cohuz~n temperature, 170%. 

TABLE I 

COMPARISON OF TWO MeTEIODS, RXT?XACTION -WBXYIAmON AND ON- 
COLUMN ELUTXON DIRECT PROCEDURE, FOR THE ESlW&YMON OF PHYTABAC 
ACID 

AJ.i rEsulti were referred to c,, (infxmlal staadard). 

Sainple Phyhnic acid (&ml) 

Rxtractios~ethyI&krr, 
fzesh plasma 

M.G. 1714 65 
3lflO 51 

M-R; IO/10 205. 
31/m 50 

Z&S_ uI2zrea?d 920 

‘n = 10; S.C. = t 0.013. 
l +i?Ie& p&3Smi% 

Dkectproced~, 
deep fnnen pbsnm 

so 
65 

265” 

60 

870** 
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Fig. 5. Plasma fatty acids profile after alkaline hydrolysis, (A) Normal plasma after alkaline 
hydrolysis direct i&&ion. (B) Plssma from R&mm’s disease after alkaline hydrolysis. 
Direct i&&ion (phyMc acid. 870 &g/ml). (C) Plasma from Refsum’s disease (same sample 
B(L B3 after extra&ion and methyl&on (pkytanic acid, 920 #g/ml). For ckromatograpkic 
details see test. Column temperature, 170%. Peaks: 1 = C,+; 2 = Crr; 3 = Crczl; 4 = C,, and 
pkytanic acid; 5 = Crc; 6 = C&; 7 = Clrzz; Is Z= internal standard, pentadecanoic acid in 
metkanal. 

The fatty acid composition of plasma lipids of one patient (tu&reaM 

Ref&uxn’s disease) was also compared by the two pmcedure~ (Table II) which 
gave similar results and confirmed the high percentage of plq4zm.i~ acid already 
noticed by Skrbic and CSmirgs [II]. 

The described method p&en&s several advantages. First, it allows a very 
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i?A%i!Y ACID COMFOSPIION OF PLASMA LIPIDS FROM UNTREATED REFSWS 
E)ISiSEI 
Fresh planna of patient MS. Total fatty acids: extraction procedwze, 920 pg/ml and direct 
pwure, 870 fig/ml. AB results were referred to C,, internal standard_ 

Tota\ fatty acids (8) 

Extzaction-metbylation Direct 

2. 

Pcytanic acid t C, , 

1 2 

3”: 
23 
31 

C ,a 5 5 
c I*:* 20 22 

%:x 22 17 

&.mpLz and rapid estimation of phytanic acid in Refsum’s disease; no prior 
manipulations, neither extraction nor derivatization are necessary; avery small 
sample (1~1) of a.lk&Czed plasma is directly injected into the pm-column and 
the whole experiment does not last more than 60 min. Second, it appears to 
he also suitable for the determination of the total fatty acid composition of 
plasma lipids. Third, though not very sensitive, it may eventually be used with- 
out hydrolysis for a rapid estimation of the main plasmatic non-esterified fatty 
acid (formic acid does not break the ester bonds of Lipids). Finally, formic acid 
in the carrier gas may also be used to achieve chemical ionisation in combined 
mass spectrometry. Thus, if such an equipment is available, the identification 
of fat@7 acids may be easily confirmed, and the sensitivity Largely increased by 
using mass chromatography or fragmentography of the main characteristic 
peaks (M i- 1, ha - 17). 
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