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The first step in the determination of phospholipid in amniotic fluid is generally
the removal of cells and debris from the fluid by centrifugation. Low-speed cen
trifugation of the supernatant is reported to have the same phospholipidic profile
and L/S, PG/S and PI/S ratios similar to those of the uncentrifuged amniotic fluid
sample. With high-speed centrifugation almost all the pulmonary surfactant seems
to be recovered in pellet with the same characteristics as the uncentrifuged amniotic
fluid.
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It is generally accepted that surfactant
deficiency is an important factor in the
pathogenesis of the respiratory distress
syndrome (RDS) (6). Pulmonary surfac
tant largely consists of lipids, while con
taining small amounts of proteins (14). It
is extruded into amniotic fluid as intact la
mellar body structures (7). A sudden in
crease in the concentration of surfactant or
lamellar body phospholipids in amniotic
fluid indicates that tne lung has reached a
stage of maturity compatible with its nor
mal function.

* To whom all correspondence should be ad
dressed.

In most methods for the assessment of
fetal lung maturity, amniotic fluid is sub
jected to preliminary low-speed centrifu
gation (15) in an attempt to separate whole
cells and cell debris from lung-derived
surfactant phospholipid. However, be
cause lamellar body phospholipid is pres
ent in amniotic fluid in a membranous
form or in particles, it is also partly sed
imented by this procedure (3, 8). Some
of the false-negative predictions based on
amniotic fluid analyses could be attributed
to centrifugation of the samples, but with
out this centrifugation the results might
also be misleading. The number of cells in
amniotic fluid tend to increase substan
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tially in the last trimester o£ pregnancy
(10).

Studies o£ the influence of centrifuga
tion on phospholipid content in superna
tant amniotic fluid show that an increase
in g forces results in a variable loss of lec
ithin (9, 18), and sphingomyelin (9) and
a decrease in the lecithin/sphingomyelin
ratio (L/S) (1, 18).

Lindback and Frantz (9) suggest that
centrifugation at 900 X g for 10 min does
not lead to variations in the L/S ratio ob
tained from amniotic fluid of gestational
ages between 26 and 35 weeks. However,
centrifugation at 12,800 X g 10 min re
duces the L/S ratio 40-60 %.

Cherayil et al. (1) show that the most
significant variations in the L/S ratio re
lated to the g-force occur in a range be
tween 350 and 2800 X g. These authors
recommend a preparation of amniotic
fluid using 3,000 X g for 10 min at 4 °C.
However, Oulton (11) concluded that
the L/S ratio was not affected by centrif
ugal forces in amniotic fluid with gesta
tional ages of less than 33 weeks or over
38 weeks. The L/S ratio in samples be
tween 34 and 37 weeks increased in the
pellet obtained at 10,000 X g.

Although it has been generally observed
that increasing centrifugal forces results in
increased removal of amniotic fluid phos
pholipids, the nature of the phospholipids
removed has never been fully clarified.
The present research has been carried out
in order to study the effect of centrifu
gation on phospholipid content in both
pellet and supernatant of amniotic fluid
obtained in human gestation at term.

Materials and Methods

The patients involved in this study were
cared for by the Zaragoza University
Clinical Hospital Perinatal Services. Am
niotic fluid samples (15 to 20 ml) from
thirty term human pregnancies (37 to 41
weeks of gestation) obtained by transvag- 

inal needle aspiration through a 4-6 cm
dilated cervix were analysed. All the pa
tients had a disease-free prenatal course.
Samples which were blood and/or meco
nium stained were excluded from the stu
dy. When samples could not be analysed
immediately they were frozen and stored
at -20 °C.

The amniotic fluid was centrifuged at
130 X g for 5 minutes in order to remove
cellular debris. The supernatant fluid was
decanted without disturbing the sediment
and divided into seven 2 ml aliquots.

In order to determine the effect of dif
ferent rates of centrifugation, the aliquots
were tested uncentrifuged, centrifuged at
500 X g for 5 minutes, 1,400 X g 5 min,
2,500 x g 5 min, 10,000 X g 20 min,
32,000 X g 60 min and 65,000 X g 60 min.
Fractions were centrifuged in a Hettich-
Rotanta/K (Tuttlingen, Germany) centri
fuge or a Sorvall OTD 65 high-speed cen
trifuge using rotor T-865 (DuPont Instru
ments, Newton, Connecticut). After each
aliquot had been centrifuged, supernatants
were removed from the pellets, which
were resuspended in 2 ml, 85 % NaCl. In
both fractions, the areas corresponding to
phospholipids were determined by a pre
viously reported method (5). All the ali
quots of the same sample were analysed
simultaneously.

Data are expressed as mean ± standard
deviations (X ± SD). The analysis of vari
ance (ANOVA) was used to detect pos
sible differences between the groups; a
p < 0.05 was considered significant. As
significant differences were found, the
Student-Newman-Keuls test (SNK test)
was used in order to identify the homo
geneous groups (16).

Results

Differential sedimentation of phospho
lipid classes. — The differential sedimen
tation of each phospholipid for each cen
trifugal force used was calculated accord-
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ing to the following expression: % = phos
pholipid densitometric area X 100/phos-
pholipid densitometric area in uncentri-
rugea fraction.

The mean sedimentation percentage
values for each phospholipid and for each
procedure applied are shown in table I.

It was observed that the increase in rel
ative force and time of centrifugation in
creased the differential sedimentation of
phospholipid classes. A recovery in pellet
of between 69.4 ± 7.2 (mean ± SD) for
lecithin and 94.9 ±6.9 for phosphatidyl
serine was obtained when a centrifugal
force of 65,000 X g 60 min was used. The
ANOVA applied to each phospholipid in
dicated significant differences (p < 0.001)
between the different procedures applied.

Distribution percentages of phospholip
ids in supernatant and pellet fractions. —
The values obtained with each g force
were expressed as a distribution percen
tage of each phospholipid, this percentage
being the contribution of each phospho
lipid to the total amount of phospholipid
in the same aliquot. The distribution per
centage was obtained in both supernatant
and pellet fractions obtained after centrif
ugation.

The mean percentage values for each
phospholipid and each procedure applied
are shown in tables II (supernatant frac
tion) and III (pellet fraction).

In the supernatant fraction (table II), we
observed an increase in the distribution
percentage for lecithin and sphingomyelin
from the aliquots processed at high g
forces (10,000 to 65,000 X g), whereas the
distribution percentage for the rest of the
phospholipids from the same aliquots de
creased. The ANOVA applied to each
phospholipid showed significant differ
ences between the different centrifugation
processes used. Likewise, the SNK test (to
identify homogeneous subgroups) showed
that the distribution percentage of each
phospholipid was not different for each g
force applied.

On the other hand, the pellet fraction
(table III) behaved contrariwise to the su
pernatant fraction. Lecithin showed a
distribution percentage decrease ranging
from (63.0 ± 7.7 for the fraction centri
fuged at 500 X g to 44.9 ±6.7 for the frac
tion centrifuged at 65,000 x g). With the
rest of the phospholipids an increase in the
distribution percentage value was ob
served, values similar to those of the con
trol fraction being obtained at high speed
centrifugation (65,000 X g).

The ANOVA applied to each phospho
lipid showed significant differences (p <
0.001) between the different procedures
used. On the oder hand, the homoge
neous subgroups identified by means of
the SNK test showed that the distribution
percentage of each phospholipid studied is
not different for each treatment applied.

L/S ratio. — The mean values and stan
dard deviation of L/S ratio for the differ
ent g-forces analysed are shown in table
IV. When the g-force increases, a consid
erable rise in the L/S ratio obtained in the
supernatant fraction is not observed.
However in the pellet fraction, this L/S
ratio shows a decrease from 12.1 ± 6.1,
when it is centrifuged at 500 X g for 5
min, to 6.9 ±2.7 when it is centrifuged
at 65,000 X g for 60 min. The ANOVA
applied to the L/S ratio of the supernatant
fractions show that there are no significant
differences between the treatments ap
plied.

On the other hand, in the pellet fraction
there are significant differences between
the uncentrifuged and centrifuged frac
tions (from 500 X g for 5 min to 10,000
X g 20 min). Likewise, the L/S ratios ob
tained in the pellet of high speed centrif
ugation (10,000 to 65,000 X g) differ con
siderably from the L/S ratios obtained at
low speeds (500 to 2,500 X g).

Finally, the L/S ratios obtained at low
speed centrifugation in supernatant and
pellet fractions are significantly differ
ent.
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PG/S ratio. —The results of PG/S ratio
in the supernatant fraction indicate that an
increase m the g-force causes a slight de
crease in the values of this ratio (table IV).

In the supernatant fraction, there are
significant differences between the uncen
trifuged and high-speed centrifuged frac
tions. Likewise, the PG/S ratio values ob
tained after both high-speed and low-
speed centrifugation are significantly dif
ferent.

In the pellet fraction, the PG/S ratios
obtained at moderately low-speed centrif
ugation (1,400 to 2,500 x g) are signifi
candy different from the PG/S ratios ob
tained in the uncentrifuged fraction.

In conclusion, a comparison between
the PG/S ratios obtained in supernatant
and pellet fractions indicates significant
differences between all of them.

PI/S ratio. — The results obtained with
PI/S ratios, both in supernatant and pellet
fractions (table IV) show similar behav
iour to the PG/S ratio. So, significant dif
ferences exist between the PI/S ratio val
ues obtained in the uncentrifuged aliquot
and the supernatant of high speed centrif
ugation. Significant differences between
the supernatant of high-speed centrifuga
tion and the low-speed centrifugation
fractions were also observed.

On the other hand, the comparison be
tween the PI/S ratios obtained from un
centrifuged and pellet fractions show no
significant differences, with the exception
of the uncentrifuged fraction and the pel
let of centrifugation at 10,000 X g 20 min.

Finally, a comparison between the PI/S
ratios obtained from the supernatant and
pellet fractions shows that there are sig
nificant differences between the high
speed centrifugations.

Discussion

As far as phospholipid levels are con
cerned, the present results show that the 

relative g-forces applied to the amniotic
fluid samples has an effect on phospho
lipid elimination in the supernatant ob
tained after centrifugation. These results
are in agreement with those described by
other authors (9, 17), except for the
amount of phospholipid removed. Lind-
back and Frantz (9) suggest that centrif
ugation at 900 x g for 10 minutes re
moves about 50 % of the lecithin in am
niotic fluid, whereas the same results were
obtained in the present experiment when
the amniotic fluid sample was centrifuged
at 10,000 X g for 20 minutes.

Other authors report that towards the
end of a pregnancy, the pellets obtained
by centrifugation at 9,200 X g for 10 min
(7) and 10,000 x g for 20 min respectively
(4, 12) contain about 75 % of all the lec
ithin, phosphatidylglycerol being the sec
ond phospholipid. Tne lecithin contained
in the sample was only about 50 % of the
total phospholipid.

The presence of homogeneous sub
groups in both supernatant and pellet
fractions indicates that the distribution
percentages of phospholipids behave dif
ferently according to the relative g-force
used. Thus, in the supernatant fraction the
phospholipid distribution percentage ob
tained by centrifugation at low speeds and
with the uncentrifuged fraction hardly
differs at all. This suggests that low-speed
centrifugation removes cells and debris
and shows that after centrifugation the su
pernatant has the same phospholipidic
profile as the uncentrifugea amniotic fluid
sample.

On the other hand, in the pellet frac
tion, the phospholipid distribution per
centages of the aliquots centrifuged at high
speed and the uncentrifuged aliquots only
show slight differences. Therefore, the
high-speed centrifugation of the amniotic
fluid recovers in pellet almost all the pul
monary surfactant, with the same char
acteristics as the uncentrifuged amniotic
fluid.

Finally, the comparison between the 
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phospholipid distribution percentages in
the supernatant and pellet fraction is in
agreement with the results obtained by
Egberts and Soederhuizen (4).

With regard to the L/S, PG/S and PI/S
ratios, it is shown that the three ratios be
have differently because of the g-force.
Whereas, Lindback and Frantz (9) ob
served that near the end of gestation
significant variations in the L/S ratio ob
tained from supernatant fraction are pro
duced no significant variations in the L/S
ratio obtained from the supernatant frac
tion were observed in the present study.
However, significant variations were
observed with uncentrifuged and pellet
fractions obtained at low centrifugation
speeds. When a g-force of more than
10,000 X g was used, the results obtained
for the L/S ratio were in agreement with
those reported by Oulton (11) for a sam
ple group with a gestational age of over 38
weeks. Unlike Oulton (11), a significant
decrease in the L/S obtained from pellet
fraction when low centrifugation speeds
were used, was observed.

Centrifugation can also be used as a
quick method for isolating surfactant from
amniotic fluid. As Hook et al. (7) and
others (2, 13) suggest, the lamellar bodies
originated by alveolar type II cells can be
isolated by means of high speed centrifu
gation or by means of density gradient
centrifugation. In this paper, we observe
that the high-speed centrifugation pellet
shows values of L/S, PG/S and PI/S ratios
similar to those obtained from the uncen
trifuged fraction. Although this does not
mean that all the pulmonary surfactant has
been sedimented, it does indicate a simi
larity in the features between the pellet
and uncentrifuged amniotic fluid.

Resumen

El primer paso en la determinacion de los
fosfolipidos en el liquido amnidtico es, gene-
ralmente, la eliminacion por centrifugacion de 

celulas y desechos. Se muestra que el sobre-
nadante obtenido tras centrifugacion a baja ve-
locidad presenta el mismo perfil fosfolipidico y
valores similares de los indices L/S, PG/S y
PI/S que la muestra de Iiquido amnidtico sin
centrifugar. Tambien se indica que con la cen-
trifugacion a alta velocidad, parece recuperarse
en el sedimento casi todo el surfactante pul-
monar, manteniendo las mismas caracteristicas
que el Iiquido amnidtico sin centrifugar.

Palabras clave: Liquido amniotico, Cociente leciti-
na/esfingomielina, Centrifugacion, Fosfolipidos.
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