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SuaaEARY 

A high-performan ce Liquid chromatographic (UPLC) procedure has heeu developed for 
the separation of phospholipids commoniy found in amniotic fluid The chromatogmphic 

-separation was achieved 6x1 a 25cm column packed with LiCbrosorb DIOL (LO zlm). A 3-cm 
dolumn packed with silica was fitted between the injector and the DIOL column to provide 
complete separation of lecithin (L) and sphingomyelin (S) from the remaining amniotic 
fluid phospholipids. The eluted phospholipids were quantitated employing an ultraviolet 
absorption detector set at 203 nrn The new HPLC separation described herein has improved 
the resolution. and peak sharpness of L and S. Furthermore; phosphatidyl glycerol and 
Rhosptitidyl ~inositol were completely separated and qnantitated Amniotic fluid L/S 
ratiti determined by this technique have been compared to those of an established tbin- 
layer chromatogmphic procedure_ 

INTRODUCTION 

&ce-GlucR et al. [ 11 first introduced the thin-layer chromatographic (TLC) 
separation z of hzcithin (L) and sphingomyelin (S) -in--amniotic fluid, the L/S 

rati~‘prpcedure has been widely used axid niodified for the evaluation of fetal 
hiigti~~[2-4), : _ :_ 
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In addition to L and S there is a group of minor phospholipids in amniotic 
fluid which include phosphatidyl glycerol (PG), phosphatidyl inositol (PI), 
phosphatidyl ethanolamine (PE), phosphatidyl serine (PS), and Iysolecithin 
(LL) [5]. Recently, several groups of researchers have recognized the im- 
portance of these minor phospholipids, particularly PG and PI. Analyses of 
these phospholipids in amniotic fluid have been accepted to be of value as 
additional indices of fetal lung maturity [5-9] _ 

In an attempt to improve upon the conventional TLC procedures, separa- 
tions have been carried out on TLC rods precoated with silica gel, followed by 
quantitation using a hydrogen flame ionization detector [lo] _ Phospholipids 
have also been separated by high-performance liquid chromatography (HPLC) 
[ll-133 _ Though HPLC separations have the potential to provide more accu- 
rate and precise qua&t&ions of L and S as a result of advances made in column 
technology, pumping systems and detectors, to date procedures have not been 
reported for the separation of the minor amniotic fluid phospholipids. 

fn this paper all the amniotic fluid phospholipids have been separated by 
KPLC and quantitated by ul%raviolet absorption. A preliminary patient study 
has been conducted to correlate the L/S ratio in amniotic fluid determined 
by this technique with that of an established TLC procedure. 

MATERIALS AND METHODS 

Apparatus 
The HPLC separations were carried out on a Hewlett-Packard (Avondale, 

PA, U.S.A.) Model 1084B high-performance liquid chromatograph equipped 
with an automatic sampler and a variable-wavelength detector (190-600 nm). 
The chromatographic column was 25 cm X 4.6 mm I.D_ from Hewlett-Packard. 
The column was packed with LiChrosorb DIOL (10 pm) supplied by Merck 
(Darmstadt, G-F-R.). A Bra-wnlee (Santa Clara, CA, USA_) MPLC guard col- 
umn, 3 cm X 4.6 mm I.D. packed with 10 pm silica (SI 60, Merck), was fitted 
between the injector and the DIOL analytical column. The thin-layer chroma- 
tograms were scanned by reflectance densitometry on a Joyce Loebl (Team 
Valley, Great Britain) Chromoscan 200 equipped with a Scan 201 TLC scanning 
accessory. 

Reagenis and samples 
Water used in the HPLC solvent was distilled in the presence of KMn04 in 

an all glass still, and stored in a borosilicate glass bottle. HPLC grade aceto- 
nitrile, glass-distilled chloroform and Merck silica gel 60H were purchased 
from BDH Chemicals (Vancouver, Canada). Certified ACS grades of ammonium 
sulfate, methanol, and acetone were purchased from Fisher Scientific (Winnipeg, 
Canada). The following phospholipids were obtained from Sigma (St. Louis, 
MO, U.S.A.): lysolecithin (Type I, egg yolk), sphingomyelin (bovine brain), 
lecithin (Type III-E, egg yolk), phosphatidyl ethanolamine (Type III, egg yolk), 
phosphatidyl serine (bovine brain), phosphatidyl inositol (Grade III, soybean) 
and phosphatidyl glycerol (Grade I, egg yolk). Commercially prepared lecithin/ 
sphingomyelin standard solutions were also obtained from Sigma, 

Amniotic fluid samples were collected by amniocentesis_ 



Chromafogmphic adysis 
The chromatographic mobile phase was composed of Solvent A: aceto- 

&x&-water (80:20, v/v) and Solvent B: acetonitrile. Both solvents were 
maintained at 40°C. A linear solvent gradient was run from 87.5 to 25.0% B 
between 4.5 and 11.0 min which produced a linear gradient of water running 
from 2.5 to 15.0%_ The flow-rate was constant at 2.0 ml/min and the column 
oven temperature was 35°C. The column effluent was monitored at 203 nm 
[11] and the detector response was set to 0.0128 a.u./cm. Quantitation was 
by integration of peak areas using a software integrator. 

Aliquots of a commercially prepared 1:l L/S standard solution were diluted 
with chloroform-methanol (2:1, v/v) to prepare a series of standards con- 
taining L and S each at concentrations of 1.0, 0.75, 0.50, 0.25 and 0.125 
mg/ml of solution. 

Standard solutions of each of the following were prepared at similar con- 
centrations: LL, PE, PS, PI and PG. Twenty ~1 of each standard solution were 
injected in triplicate and the areas of the peaks averaged to produce calibration 
curves for each of the phospholipids. 

The TLC procedure used was that described by Gluck et al. 1141. Phospho- 
lipids were extracted Tom 5.0 ml of amniotic fluid. Following the cold acetone 
precipitation, the precipitate was dissolved in 30 ~1 of chloroform, of which 
5-10 ~1 were applied to the TLC plate. An additional 40 ~1 of chloroform- 
methanol (29, v/v) was added to the sample and a lo-30-~1 ahquot was 
injected into the HPLC instrument. 

RESULTS AND DISCUSSION 

A chromatogram illustxating the separation of a mixture of standard phos- 
pholipids is depicted in Fig_ 1G When PS was chromatographed alone, a broad 
tailing peak was observed. The tailing of the PS is the primary reason for the 
baseline deviation. The baseline was much improved when PS was not in- 
cluded in the standard mixture, as illustrated in Fig. lB_ 

In the preliminary studies, separations were performed using only a DIOL 
column. Sphingomyelin appeared as a split peak in the majority of chromato- 
grams, Similar splitting of the S peak has been shown for procedures em- 
ploying a silica column [ll-131. However, the primary difficulty with the 
preliminary separation was the appearance of PE between L and S. PE was 
often difficult to distinguish from S. Inclusion of a short 3cm silica column 
in tandem with the DIOL column, resulted in PE eluting prior to L and S. 
Furthermore, this improved the resolution between the peaks and S was no 
longer observed to split, The elution order of the remaining 6 phosphohpids 
in the standard mixture was unchanged_ When a 25-cm silica column was con- 
nected in series with the DIOL column in place of the shorter 3cm column, 
however, the separation was unsatisfactory with most of the phospholipids 
appearing as broad split peaks. 

Solvent A was composed of acetonitrile-water (80:20, v/v) in order that 
the solvent delivery system would accurately deliver a relatively shallow sol- 
vent gradient running from 2.5 to 15.0% water_ 

Calibration curves for L and S are illust+ed in Fig. 2. Lineari@ was ob- . 
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Fig. l.(A) High-performance liquid chromatogram of a mixture of 7 standard phospholipid 
samples each at a concentration of 5 pg. Peaks: PG = phosphatidyl glycerol; PI = phospha- 
tidy1 inositol; PS = phosphatidyl serine; PE = phosphatidyl ethanolamine; L = lecithin; S = 
sphingomyelin; LL = lysolecithin, (B) High-perfo rmance liquid chromatogram of the stan- 
dard phospholipids mixture excluding PS and LL. 
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Fig. 2. Standard calibration cixves for lecithixi (0) and sphingomielin (0): 
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sewed between 2.5 and 20.0 pg, which was the range of values expected for 
L and S in the majority of amniotic fluid samples as performed by this proce- 
dure. Of note, the linearity of the calibration curve for L was observed to 
extend to at least 100 pg. The calibration curves for each of the minor am- 
niotic fluid phospholipids are depicted in Fig. 3. The linearity of these curves 

Pig. 3_ Standard calibration curves for phosphatidyl glycerol (a), phospbatidyl ethanol- 
amine (o), phosphatidyl inositol (o), phosphatidyl serine (X ) and lysolecithii (0). 

was also well maintained between 2.5 and 20.0 pg. Each point on all of the 
phospholipid standard curves was the mean of 3 measurements, each with a 
coefficient of variation of less than 2_5%, with the exception of the 2.5- and 
5.0~gg Points on the PS standard curve which had coefficients of variation of 
17.6% and 6.7%, respectively. The linear regression correlation coefficients 
for each of the phospholipid calibration curves was better than 0.999. The 
non-zero intercepts of the curves may be attributed to peak tailing. This is 
especially pronounced for the PS calibration curve which exhibited the greatest 
peaktailing. 

-Repmsentative chromatographic separations of phospholipids from am- 
niotic fluid specimens collected before and after fetal lung maturation are 
depicted in Figs. 4 and 5, respectively. Fifty amniotic fluid samples were 
analyzed by a conventional TLC procedure [14] and by the new HPLC method. 
T&~&&&ion between these two methods of analysis is QhWrated in Fig. 6. 
A,_ l‘c:o~e~@~ _ jprepared standard sofution with an L@Z ratio of 3.0 was 
te&&~peated.f$ _$&oughou%~the study-‘to monitor the precision of ffie L[S 
r&o ~de%&n&&ion. For atotai ofi4 test re&ff,s, the mean and coefficient of 
v&k&~ k&&2.,$3 ‘&de 3.74?; resp&tivefy. -Tiie same .~ommetiiaf. standard_ 

--*- _ --. -s =.ip&.&=& Id ~ 
es g succes&oti, which produced a mean v$ue.of 2.79: .&a z&ecienti ofv&ati.-n=o~l_B%_- -. - -1. -- 
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Fig_ 4_ High-performance liquid chromatogram of an amniotic fluid sample taken before 
fetalhngmatarity. 

Fig. 5, High-performance liquid chromatogram of an amniotic fluid sample taken after 
fetallungmaturity. 

Gluck et- al. 1151 have stated that “An L/S ratio of 4.0 6~.the gravimet& 
technique correqonds to one of 2.0 _by ref&&mize densitdm&xy,~reIjiesenting 
maturity ~of th” _luqg”. From the preu paGent study dqxitid he+, 
employing onIy 50 patient sampIes, it would appkr that an L/S rati;, of 3.0 
as dekzmined by HI?LC wouId ctiqespond most _cIoseIy _v ti Lm +io_$2.0 
by TLC and ~fkctance densitometry. To eStabIish a reIiabk ran& 6f @tie f6$ 
the interpretatioti of fetaI Iurig maturity,.~a-I&-g& ntiber~A@f a&i+? -f&id 
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Fig. 6. Correlation of amniotic fluid L/S ratio resu1t.s established bY TLC and HPLC 
analyses. 

specimens should be collected at parturition, analyzed, and the results care- 
fully correlated with fetal lung maturity. 

Jungalwala et al. Cll] have shown that phospholipids containing unsatu- 
rated fatty acids gave much greater uhraviolet absorption at 203 mn than 
phospholipids -with saturated fatty acids. These researchers suggested that if 
the degree of unsaturation in the phosphohpids varied, quantitation by direct 
ultraviolet absorption would not be accurate, and that an alternative detec- 
tion system vvould be required. However, Geurk van Kessel et al. 1131 stated 
that the ultraviolet absorption was due not only to the presence of unsaturated 
centres, but a&o due to functionsl groups such ss carbonyl, carboxyl, phos- 
phate, amino, and quaternary ammonium_ They went on to state, that if there 
were a variety of fatty acid constituents, there would be problems with quan- 
titation by direct ultraviolet absorption. Several researchers [IS-l91 have 
determined the fatty acid composition of L. Though differences have been 
reported, a correlation coefficient of 0.860 was obtained by linear regression 
anslysis between the HPLC method employing ultraviolet absorption detec- 
tion and the TLC procedure using charring and reflectance densitometry 
(Fig. 6). 

The presence and relative concentration of PG and PI in amniotic fluid 
have been -reported to be of clinical significance for the evaluation of fetal 
lung maturie [5-9]_ False positive L/S ratio results have been reported in 
pregnancies -with complications, e.g. diabetes, placenta previa, and maternal 
fever [7,8,20] - In these circumstances analysis of the minor amniotic fluid 



284 

phospholipids is believed to be of particular importance. It has been suggested 
that a lung phospholipid profile would be valuable and possibly essential 
in institutions caring for patients with high risk pregnancies [21]. 

The present IIPLC separation provides not only an improved separation 
and precise quantitation of L and S, but also the possibility of a complete 
hung phospholipid profile, 
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