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SUMMARY 

A method for the analysis of volatile metabolites present in p&ma, urine, 
breast milk and amniotic fluid collected from mother-ir;fant pairs has been developed 
which requires only IO0 ,uI of plasma, 3 ml of urine, 20 ,~.cl of breast milk and 500 ~1 
of amniotic fluid. After extraction with diethyl ether, the volatile compounds were 
adsorbed on glass wool in a special concentration tube and subsequently desorbed 
and transferred to a 100-m nickel capillary column for analysis by gas cbromatogra- 
phy and gas chromatography-mass spectrometry. The separations, carried out by 
temperature progra mm&g, were complete in 90 min. 

Methods for the analysis of the volatile compounds in human urine were 
developed by Zlatkis and co-workersz3 and by Matsumoto et cL4. Ketones, alde- 
hydes, alcohols, kans, pynoles and sulfides with molecular weights between 40 and 
160 were separated and tentatively identified by capillary gas chromatography (Cc) 
and mass spectrometry (MS). The volume of urine employed varied from 50 to 450 
ml. The procedure has been employed in a study of the low-molecular-weight aIi- 
phatic alcohols excreted in the urines of hospitalized patients with diabetes meKtus3. 

A procedure for the analysis of volatile components in plasma based on iiqtid- 
liquid extraction followed by capiky GC was developed by Stoner et aLs; 1.5 ml of 
plasma was used. Subsequently, Zlatkis and Andrawes~ developed a semi-micro- 
extraction procedure based on the use of ammonium carbonate-diethyl ether as a 
salt-solvent pair’_ The volatiks extracted from 100 p1 of plasma were concentrated by 
adsorption on glass wool, and then desorbed and transferred to the capillary cohmm 
for GC analysis. 

The results of Zlatkis and Am&awes6 suggested that a method could be de- 
veloped for the analysis of volatiles in biological fluids which iavolvedconsiderabIy 
smaIler volumes than had been employed in earlier studies. This paper describes a 
general method for the analysis of volatile compounds in plasma, urine,:breast miik 



and amniotic fluid. The size of the biological samples varied from 20~1 (breast milk) 
to 3 ml (urine). 

The biological samples amuyzed in this study were obtained from mother- 
tiant pairs. Maternal urine, plasma and amniotic fluid were obtained at the time of 
delivery; breast milk was obtained from the mother after delivery. Neonatal urine 
and plasma were coll&ed durin, Q the first 48 h after birth. All of the samples were 
stored at -14” until analyzed. 

The volatile compounds were extracted by the use of ammonium carbonate- 
diethyl ether as a selt-solvent pair. The sample (100 ,u! plasma, 3 ml urine, 500 ~1 
amniotic fluid, or 20 ~1 breast milk) was transferred to a 12-ml centifuge tube fitted 
with a BTFE-lined screw cap. After saturation of the aqueous phase with anhydrous 
ammonium carbonate, the volatiles were extracted with glass-distilled diethyl ether 
that had been refluxed over lithium aluminum hydride prior to distillation. The 
volume of diethyl ether used was 500 ~1, 1 ml, 750 ~1 and 100 ~1 for plasma, urine, 
amniotic fluid and breast milk, respectively. The contents of the tube were mixed 
thoroughly on a Vortex mixer and the layers were separated by centrifugation. After 
chilling the tube in an ice-bath, the diethyl ether layer was transferred to a 2.5-m! 
glass stoppered centrifuge tube and stored at -14O until analyzed. 

For analysis by GC, the diethyl ether extract was transferred with a l.O-ml 
syringe equipped with a 5-inch 22-gauge needle to a small concentration tube packed 
with 0.5 g Pyrex glass woo16. The volatile compounds were desorbed and transferred 
from the concentration tube to a stainless-steel precolumn (12 in. x l/16 in-j, cooled 
in liquid nitrogen. The transfer was carried out by raising the temperature of the con- 
centration tube to 240” while sweepiug with helium (30 ml/mm). After a 15min 
trapping period, the liquid nitrogen reservoir was removed from the precolumn, and 
the temperature of the GC column was raised to 70” and held for 15 min. The separa- 
tions were carried out by temperature programming from 70 to 150” at 2”/min and 
then isothermally at 150” for 50 min. 

A Tracer 553 gas chromatograph equipped with a mod&d injection port and 
flame ionization detector was employed, The 100 m x 0.5 mm I.D. nickel column 
coated with Emulptor ON-870 was prepared according to the procedure of Bertsch 
ef ~1.~. The fiow-rate of he!ium, the carrier gas, was 30 ml/mm. The flow-rates of the 
detector gases were: hydrogen, 37 ml/min; air, 100 ml/min; and nitrogen make-up 
gas, 20 ml/mm. 

The MS analyses were carried out with an LKB Model 9ocO gas chromato- 
graph-mass spectrometer; the separator was kept at 150” and the source temperature 
was 190”. For analysis by GC-MS, a heating block and concentration tube were placed 
in series with a 12 in. x lj16 in. O.D. stainless-steel precolumn and the GC column. 
A PTEE micro-needle valve was placed between the precolumn and the GC column 
so that the precohrmn and flash heater could be opened for insertion of the concentra- 
tion tube while the GC cohrmn and the separator of the mass spectrometer were 
maintained under vacuumg. The separations were carried out by temperature pro- 
> ‘ng from 70 to 150” as described above. 
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Profiles of the voIatiIe compounds present in m&emai and neonatal plasma 
are shown in Figs. 1 and 2. The sampks -were obtained from amother-infant pair 
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Fig. 1. GC analysis of the volatiles extracted from 100~1 of plasma obtained from a newborn infant. 
The compounds tentatively identified by GC-MS were: (1) 5acetonyl-2-methylfman; (2) ethyl- 
cyclopentanone; (3) ethylcyclohexanone; (4) benzaldehyde; (5) Icyclohexan-2-buten-4-ol; and, (6) 
benzzi akohol. The GC conditions employed for all the analyses are described in the text. 
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Fig. 2. GC ana!ysis of the volatile extracted from 1ClO~l of plasma obtained at the time of delivery 
rrom the mother of the newborn infant <Fig_ 1). The compounds tentatively identified were the Same 
as those listed in Fig. i. 



and the pro&s were strikingly similar. The maternal plasma profile diEiered from the 
profiles of normal adults described by Zlatkis and A&raw& in that a very large peak 
with a retenticm tini& @A of40-4g min was observed 5 the m@e& p&ma pro@5 
obtained at delivery. For comparisxx plasma samples were sbtaimxi from-young 
adult females who were not pregnant and were not taking any medication, When the 
latter samples were analyzed for volatile components by the same procedure, it was 
found that the large peak with a tR of 40-% min was absent from the chromatograms. 
Fig. 3. shows a typical proHe of the volatiles isolated from the plasma of a ton- 
pregnant female, 27 years of age. 
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Fig. 3. GC analysis of the volatile components extracted from 3-d aliquot of a urine sample obtaixd 
from 2 young adult non-pregnant female. 

When the samples were analyzed by GC-MS, it was possible to tentatively 
identXy several of ‘Lhe plasma volatiles (Fig. 2). The mass spectrum of the major 
co=poneEi: (tR = 40-48 mk) exhibited a molecular ion at m/e 108 and the spectrum 
was identical with the published spectrum’O of benzyl alcohol (&ZW =_ 108). 

In order to co&km the identity of this component, a larger sample (300 ~1) of 
maternal plasma was extracted with diethyl ether as described. After removal of the 
diethyl ether with a nitrogen stream, the residue was dissolved in 100$ of pyridine 
and acetyiated with 50~1 of acetic anhydride by heating at 60” for 15 min. When the 
derivatized sample was analyzed by GC4MS, the molecukr ion of the major peak in 
the chromatogram had shifted by 42 a_m.u. from m/e 108 to m/e 150. The mass spec- 
trum of the acetylated derivative in the biological sample was identical with the mass 
spectmm of benzyl acetate p,zepared by ac&yIation of benzyi akohot 

A second characteristic peak present in the plasma profile had a-f, of 21-23 
min. MS analysis of this peak indicated that the mofecular ion occurred at _m/e 106. 
The occurrexe of a component with a molec*JIar weight 2 o.m.u. less thti benzzl 
alcohol slnggested that this compound might be betidehyde. Fe zR and mass 



spectrum of this plasma component and the bR and mass spectnrm of a bemldehyde 
stadad we= identid. 

At the present tim& the o&in of tie two v&tiles, benzaldehyde and benzyl 
alcohol, is rrot known. Medication administered to the mother during labor and 
delivery, which included oxytocin, pethidine, promethazine and diazepam, did not 
appear to be the source. The two compounds were not artifacts introduced during the 
isolation procedure. Neithef compound was present in the chromato,gm when rea- 
gent blanks were analyzed; in the blanks, water was substituted for blood in a 
heparinized tube and the extractions were carried out as described. 

If the benzyi alcohol and benzaldehyde found in maternal and neonatal plasma 
were of endogenous origin, they may have been formed from phenylethanolamine by 
a minor pathway of metabolism which has been described for phenyfethylamine 
moietieslL. En this pathway the side-chain is shortened and this conversion is most 
Iikeiy to occur with amines having a /T-hydroxyl group. For example, 3,4dihydroxy- 
benzoic acid and 4hydroxy-3-methoxybenzoic acid were identXed as metabolites of 
noradrenaliue in the rat. The corresponding alcohols were not found in rat urine”. 
However, the alcohols formed by decarboxylation of vanilmandehc acid and 
dihydroxymandehc acid were presumably intermediates in the metabolic conversion 
to the benzoic acid derivatives. Et is possible that a related enzyme system which con- 
verts phenyIethanoIamine to benzyl alcohol, benzaldehyde and benzoic acid is 
operative in humans: 
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A typical profile of the volatile compounds present in matemai and neonatal 
urine is shown in Figs. 4 and 5. The compounds identified by MS analysis were 
acetonylfuran, acetophenone, 2-methyl4hexene, ethylcyclohexane, hexano!, acetic 
acid, aad benzyl alcohol. 

Two large oE-scale peaks were usuahy present in the chromatograms of ex- 
tracts of neonatal urine. The peak with a tR of 23 min was identikd by W-MS as 
a mixture of 2-methyl4hexene and e*hylcyclohexane. ‘ihe identity of the peak with 
a tR of 47 min is under investigation. 

A chromatogram of the volatile components in a sample of human breast 
milk coffected 30 days after delivery is shown in Fig. 6; only 20 pi of breast milk was 
used in the extraction. Characteristic peaks eluting at 5 miu (hexanal), 19-20 min 
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Fig. 4. GC analysis of the voIati!e compounds extracted from neonat. u&e (3 ml). 
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Fig. 5. GC analysis of the vol&iIe compounds extracted from mated urine (3 ml). 

(ethylcyklohexenoae andethylcyclohexanone), and a triplet of_ peaks at. 38-42 tin 
@enter;ylcyctohe?rene, and aminopent.anyE’uran tid its &om&) were teentatively ides& 
fied by Gc-MS. ProEles obfgined from three diEerent individual were very similar; 
although there were qua&t&kg diEerences, there were no -sieant qu&iWive 
differences in the profiles. The vok&ile compounds in brezst IIS& that have been 
characterized by GC-MS are listed in Table I. 
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Fig. 6. GC dysis of the voIati!e compounds extracted from human breast milk (20,d). 

TABLE X 

VOLATILE COMPONENTS OF HUMAN BREAST MILK 

Ten’ative identikicztion bz?sed on GC-MS analysis- 

Compound 

hex8naI 
hept8ml 
dmethyi-2-heptanone 
2-pentyifuran 
ethykyclopedanone 
zcetony&ran 
ethylcydohexvlone 
ethykyclohexenone 

Com_poum2 

methylhexanai 
t-methyl-d-hexene 
2-methylamyhiitde 
hexanol 
Cmethyl-l-pentene 
pentenyicydohexene 
aminopent2nyIfuran 

A typical analysis of the volatiles present in unniotic fluid is shown in Fig. 7; 
the sample was ~collected 4 h prior to deliveq. Two large peaks with retention times 
of 27 and 81x2 min were usually observed. Because of the small amount of fluid 
available and the low concentration of the volatiles in amniotic fluid, it was not pos- 
sible to carry out MS analyses. It is of interest that tke doublet eluted between 58-62 
min was also present in brezst miik. 

From the examples cited, it is evident that characteristic prof%ks of the volatile 
6omponents of body fluids can be obtained with quite small samples. The overall 
proceciflre incltidin~ isoE&on and GC an&y& requires 2-3 h. A number of compo- 
nents have been ten&&iveIy cbzra&erized by G&-MS. The excretion of relatively 
k&e amounts of benzyl alcohol is of pa.rtieuIar interest if this compound is found to 
be of endogeno= origin. 



Fig. 7. GC analysis of the volatile compounds extmcted from human amniotic fluid (5Q0,~l). 
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