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SUMMARY

Further research is presented on a modification of the Langmuir-Wilhelmy
technique, the asymmetric method, for quick measurement of the
surface-dilational elasticity €4 in relation to the surface pressure 7.

Assessment of the dynamic response of the electrobalance shows that
first-order transfer can be assumed. A method 1s described of calculating
the modulus and loss angle of €q under both uniform and nonuniform

conditions. Measurements of the e relation have been performed on

phospholipids from purified lung surfactant of foetal sheep in relation to
foetal age in the last period of gestation. No significant variations of
ledl and ¢e with foetal age have been found.

INTRODUCT ION

In our first paper on this subject (ref.1) we discussed the use of an
automatic balance provided with a Wilhelmy plate for surface-tension
measurements. We described a modification of the Langmuir-~Wilhelmy technique
for application to surface-rheological measurements. Normally, the
Langmuir-Wilhelmy technique makes use of a hydrophobic trough filled with a
liquid and a hydrophobic barrier to vary the air-liquid interface. For our
purpose, the trough has been equipped with a second barrier (Fig. 1). This
second barrier generates small harmonic variations (8A) in area (A) of an
air-water interface. The first barrier is used for setting the interface
area. This modified technique will be referred to as the asymmetric method.

In the case of an interface covered with an insoluble monolayer, the
variations in area will result in harmonic variations (860) of the surface
tension (o). If the automatic balance responds fast enough, the variations in
surface tension can be measured. In our previous paper (ref.l1) we defined a

complex transfer function €3 by
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do = e, dlnA (1)

where dlnA = dA/A and do and dA are infinitesimal variations of o and A,

Fig. 1. Principle of the apparatus of the asymmetric method. The insert
shows a top view. Abbreviations: eb, electrobalance; Wp. Wilhelmy plate; Lt,
Langmuir trough: mb, moving barrier; ob, oscillating barrier; e, excenter;
a-1l, air-liquid interface; m, monolayer; L and b, length and width of
monolayer area: er, elastic ribbon.

and dA {s assumed to be dilational. £q is called the surface
dilational~elasticity, and can be written as
J¢
e
€y = |ed|e (2)

where |ed| is the modulus and ‘e the loss angle of We presented |ed|

€..
values from measurements on monolayers of synthetic p:osphollplds. In the
paper we will present further research on the method and results of
measurements. First, the behaviour of the electrobalance used was
investigated in greater detail. Second, we describe a more general method of
calculating &4 than that used in our previous paper. Third, results of
measurements on monolayers of phospholipids extracted from lung surfactant of
sheep foetus will be presented. These values of €3 have been measured in
relation to foetal age in order to investigate the relation between €q and

foetal maturation.

DYNAMIC BALANCE TRANSFER
Method

The transfer of a harmonically time-dependent force was measured by means
of a set up (ref. 2) as outlined in Fig. 2. A cylindrical permanent magnet PM
was suspended from the balance and located near a coil (L=4.67H). A sinus
generator was used to generate a sinusoidally time-dependent field (angular
frequency w) in the coill. The magnet was arranged in such a way that it was
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exposed to an inhomogeneous but axially symmetrical field of the coil. The
voltage drop V1 over the resistor R (R=10 Ohm) and the signal Vo of the
control unit CU of the balance were fed to a micro computer via a double
channel filter. The forces acting on the electrobalance, being a static one
arising from the mass of the magnet (Z0.9g) and a varying one caused by the
field of the coil have been chosen in the same order of magnitude as those
prevailing during the dynamic surface-tension measurements. The field of the
coil did not influence the electrobalance. Assuming a first-order transfer
B(w) between Vi and Vo. the modulus |B| and the phase angle ¢ read

I8 = —L2@L__ (3)

T+ o))
#g = -arctan(wtp) (4)

where tB is a time constant.

Results

Fig. 3 shows the measured values of |B(0)|/]B| versus o® and of tan(¢B)
versus w. The plots are straight lines as is to be expected according to
eqns. (3) and (4), and thus a first-order transfer is a good approximation.
Application of egn. (3) yields t,=0.106+.02s, while that of (4) leads to

B
tB=0. 103+.02s.
b
BALANCE
!Fj 1.5
PM
@ L '.." .b
R cu 10 3
v (4
VO
I FI.I.TEH
5
':____L__j
COMPUTER
[ 50 100 150 ) . [} 12
— w2 (udz/.z) — [rld/.)

Fig. 2. (left) Principle of the determination of the balance transfer see
text.

Fig. 3é Resgonse of the electrobalance. Fig. 3a (middle)
IB(0)|*/|B|*vs @®. Fig. 3b (right) tan(QB) vs @.

We accounted for the dynamic behaviour of the electrobalance by assuming
t,=0.105s in the calculations of e,.
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CALCULATION OF &q
In the previous paper (ref.l1) we calculated |ed| according to

A
legl = A, 42 (5)

where Ao and AA are the amplitudes of the harmonic variations of o ._and A,
respectively and Ae is the equilibrium area. Eqn. (5) yields approximate
values of |ed| under certain conditions (ref.3), including some correlated
with a high €4 (see page 5). However, the calculated values of Ied| did not
allow application of eqn. (5) at all values of o, as was found after
calculation (ref.l1). In order to obtain correct values, a general method of
calculating |ed| and 46 will be described below.

In general, the variations in monolayer area generated by the oscillating
barrier and propagate as a damped surface wave. When €4 is high enough, only
the longitudinal component of the wave is important. The information about
propagation and damping of this wave is contained in the complex dispersion
relation (ref.4). For Iedl and ‘e it follows:

O

legl = —2—-;2— (6)
k* +

¢, = 2 arctan(g) - z— m

with v the angular frequency, m the viscosity and Py the density of the
liquid, x the real wave number and B the damping coefficient. In the
derivation of egns. (6) and (7) it has been assumed that the barrier
oscillates with constant angular frequency w. Thus (6) and (7) correspond to
a stationary surface wave (ref.4) and the variation in surface tension is a
function of the distance x from the barrier. Taking &o(x) a sufficiently

small surface~tension variation, we can write

J#,(x)
s0(x) = Ao(x)e (8)

where Ao(x) and ¢a(x) are the amplitude and the phase angle respectively.
They are given by Snik (ref.3)

172
So(x) = buy |e, VwTFY [cosh 2x-L) + cos 2«(x-L) ©
I_ cosh(2BL) - cos(2«L)
Oa(x) = ¢ = /4 + arctan{p/x) - arctan[tan(xL).coth(pL)]

+ arctan[tan{x(x-L)}.tanh{B(x~L)}] (10)
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where Au, and ’b stand for the amplitude and the phase of the oscillating

barrier.blf Ao(x) and ¢a(x) are measured at a given value of x, four unkown
quantities Iedl. ‘e‘ x and B remain in the four equations (6), (7). (9) and
(10). As a result, we can calculate |ed| and ’e at a given value of o,-

A special case occurs when
(i) the troughlength L is small (L~O.1m),
(ii) the surface-dilational elasticity is so high that AXL (A = 2w/k) and
(111) damping is slight.
In this case, the wave character of the area deformations almost vanishes by
virtue of the interference due to the multiple reflections of the wave, as
mentioned by Lucassen et al. (ref.5). Since k=2w/A, the conditions required

for this special case to occur can be written as

W=+ B << 1 (11)

It can be shown that eqn. (9) simplifies to eqn. (5) when the inequality (11)
is valid (ref.3). From eqn. (5) it can be seen that Ao(x) and ¢a(x) become
independent of x. Consequently, the surface tension variation is uniform over
the surface area.

As was mentioned earlier in general terms, the conditions under which
(eqn. (11)) is valid were not met at all values of o. To cope with this
problem, a numerical procedure has been developed to calculate Iedl and ’e
using eqns. (6), (7). (9) and (10).

In a different approach, eqn. (5) can be used satisfactorily. When o is
measured at x=0.43L, errors due to nonuniformity are minimal (refs. 5-6). In
the asymmetric method however, this requires the adjustment of the balance
position at each value of Ae. Such a procedure is however unfavourable in
measurements requiring control of temperature and humidity in a climate box.
Therefore a set-up was made in which the balance position is automatically
adjusted after setting Ae. Reports on results of measurements are in

preperation.

MEASUREMENTS ON SURFACTANT OF FOETAL SHEEP
Introduction

Variation of the composition and a number of surface properties of foetal
lung surfactants towards the end of gestation has been reported in the case
of several species (refs. 7-12). As regards surface-rheological properties.
Snik et al. (ref. 13) measured a decrease In the surface-dilational
elasticity and viscosity of foetal sheep surfactant after days 133 and 134 of
gestatlon. This change agreed with results obtained from analysis of the

composition of the surfactant. However, changes in composition with foetal
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age have been found to vanish after further purification of the surfactant
(ref. 14). To investigate the influence of additional purification on the
rheological properties, we measured Iedl and ‘e of the phospholipid fraction
of highly purified foetal sheep surfactant in relation to foetal age.

Methods and material

The collection and purification of the foetal surfactant, the extraction
of the phospholipid fraction and its composition have all been described by
Egberts et al. (ref. 14). The surface-chemical apparatus and method have been
described in our previous paper (ref. 1). In pilot experiments
triple-distilled water was used as the subphase for comparison with the

+

standard subphase, the latter containing Na+. K. Caz+, Mgz+. HCO3— and HPO, -

2
in biologically relevant quantities. In other pilot experiments, more than

one compression-expansion cycle was carried out before measurement of €4-

Results
Fig. 4 shows a plot of surface pressure ¥ vs A, where ¥=0,~0 and % the

surface tension of pure water. This plot is obtained from the phospholipid
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Fig. 4. w-A plot of phospholipid fraction of purified lung surfactant of
sheep foetus at the 136th day of gestation (term at 142th day). 38,5°C, RH >
90X subphase containing ions (see text). First compression, compression
rate: 0.5mm/s. The vertical parts in the plot are due to relaxation to
constant w at constant area Ae preceeding the measurement of €5

0

fraction of foetal sheep surfactant of the 136th day of gestation. This
result is typical of the period investigated. We note that a transition from
the liquid-expanded (°'fluid’) to the liquid-~condensed (‘'solid’) phase is not
found. Moreover, the maximum surface pressure ('max) under continued
compression is only 48mNm~'. Hence, this w-A plot shows better agreement with
the 7-A plot of the mixed DPPC-DOPC monolayer given in the previous paper
(ref. 1) than with that of pure DPPC. The value of LAV L 48+1mNm™* over
the gestational period investigated. Pilot experiments using the
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cycles were applied, did not yield significantly different values of LA
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Fig. 5. (left) |ed|—1r plot, surfactant from 136th day. for details see Fig.
4. Broken line: Iedl calculated with eqn. (5). Solid line: Ied| calculated

with eqns. (6)., (7). (9) and (10). The points represent means of
measurements in duplicate on two monolayers and the vertical bars the range
between minimum and maximum values of Iedl.

Fig. 6. Plots of single measured values of |ed| vs ¥, calculated with eqns.

(6). (7). (9) and (10). Fig. 6.a (middle): days 130-134; Fig. 6.b: (right)
days 137-140. Same detalils as in Fig. 4.

Fig. 5 shows plots of Iedl versus v of surfactant of day 136, thus related to
the w-A plot of Fig. 4. Each point represents the mean value of four
measurements on two monolayers. The dotted line gives Iedl calculated using
eqn. (5). The solid curve gives the values calculated using eqns. (6), (7).
(9) and (10). We note that the relative difference between the solid and
dotted curves decreases with increase of Iedl.

When we compare this Ied|~r plot with those of the synthetic compounds
discussed in the previous paper (ref.l1), we note that this |ed|~r plot is
also similar to that of mixed DPPC-DOPG. ledl increases monotonously to a

mean maximum value of 104mNm ', although not so linearly as the synthetics

(ref.1). As with the synthetic compounds, ’e was found to differ only
slightly from zero ¢e<10° which might not be significant. Only in collapse,
’e could attain values up to about 50°.

Figure €6 shows single measured values of |ed| from different days,
calculated according to eqns. (6). (7). (S) and (10). Fig. 6a gives |e |-v of
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five monolayers prepared from days 130-134 and Fig.6b from days 137-140. We
note that within the experimental error |c-,d| does not decrease with
gestational age after about day 133, as has been reported for the case of
crude foetal sheep by Snik et al. (ref.13). This absence of a significant
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Fig. 7. Plot of Iedl vs foetal age at different values of . End of

gestation at the 142th day. Points represent means of two measurements in
duplicate on two monolayers and vertical bars range between minima and
maxima.

change is also shown in Fig. 7 which represents Ied| vs foetal age from days

130 to 140, with ¥ as a parameter (¥=10, 20, 30 and 4OmNm~!).

Discussion

The result is that fluid monolayers of the phospholipid fraction of
foetal surfactant do not show a transition from the liquid-expanded to the
liquid-condensed phase. Their ’ ax values are approximately 48nNm~1. The main
result is that we found no decrease of Iedl with foetal age, as has been
reported by Snik et al. (ref.13) in the case of crude foetal lung surfactant.
Moreover, a large and significant variation of Iedl with foetal age is not at
all likely. On the one hand this result is surprising. since it has been
fairly generally assumed that foetal surfactant should develop towards
maturity at end of gestation. On the other hand however, our findings are in
agreement with the lack of variation of the chemical composition with foetal
age of the purified foetal sheep surfactant from days 125 to 143 (ref.14).
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