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A theoretical study on liquid column standing
above vertically vibrating sputum surface

O Norio Tarao", Osamu Takagi?

Department of Rehabilitation, Seirei Christopher University, "
International Research Institute?

Background: An earthquake emits both P-wave (longitudinal wave) and
S-wave (transverse wave) which travel at different speeds. In view of the
frequency of wave, P-wave has rather high frequencies and S-wave has low
frequencies which correspond approximately to the eigenfrequencies of
buildings and the resonances of them should plunge seismic collapse of
structures in the vicinity of the seismic source. As earthquake wave, in the
case of vibration pulmonary expectoration, the vibrational treatment at low
frequency aims to remove the whole drip vibrated near the resonant
frequency and that at high frequency aims to disappear the fragment piece
by piece or stringy carrying by a jet stream. During the last decade or two,
one of the authors has investigated the two types of vibrational treatment of
pulmonary sputum in association with surfactant effect on expectoration of
sputum. In the past, the role of pulmonary surfactant on expectoration of
sputum has been considered to be surface activation reducing the surface
tension of sputum. However, the concrete mechanical advantage to reduce
the surface tension seems to be not clear in the process to cut the sputum
drop into many mist pieces carrying by some air streams. Therefore, in the
previous study, we have investigated this process of expectoration using a
Super High-Speed Video Camera; the abrasion of the surfaces of the
pseudo-sputum droplets at the center of the jet stream. In this experiment,
many finger-like liquid columns have appeared at appropriate frequencies
from droplets of the solution on the vibrating plate. We have suggested the

course of this phenomenon to be the non-Newtonian viscosity of mucin



solution which we have measured by a special capillary viscometer of the in
the previous investigation; the shear-thinning viscosity has been exhibited in
the lower frequency region. This time, we have verified this mechanism by
numerical simulation using a model of calculation with various physical
values.

Method: The model has many fine radial mesh cells in ax-symmetric
configuration, and we have calculated the flows between individual cells
under various degrees of viscosity and surface tension in the pressure
caused by the accelerations of the vibrational movement and the gravity.
Results and Discussions: Using a new model calculation we have discovered
many significant non-linear properties of fluid surfaces which promote when
the surface tensions and the liquid viscosities are suitable for the growth of
soliton-like waves in some appropriate frequency vibration. This
phenomenon seems to explain the mechanism on growth of many finger-like
liquid columns in previous experimental investigation. We have distinguished
the contribution of surfactant to ripple the surface of sputum drop in some

vibrational movement at the appropriate frequency.
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Lung surfactant may have the function to prevent
overdistension of terminal airspaces: presumption
by surfactant inactivation technique with detergent

O Tsutomu Kobayashi, Hailing Wu, Xiaoguang Cui, and Wenzhi Li

Department of Anesthesiology
Harbin Medical University, Second Affiliated Hospital

ABSTRACT

Objectives: 1t is well known that the main function of lung surfactant is to
prevent alveolar collapse. However, we have found a phenomenon that
surfactant replacement reverses alveolar overdistension induced by high
Inspiration pressure ventilation, .e., the opposite phenomenon expected from
the main function. To examine the presumption that lung surfactant itself
would have the function to prevent alveolar overdistension, we inactivated
lung surfactant with a detergent, and measured sizes of the terminal

airspaces (alveoli and alveolar ducts).

Method: Wister rats anesthetized with pentobarbital were subjected to lung
lavage with a detergent (Tween) which inactivates lung surfactant. Then, the
rats were ventilated by a pressure-preset mode (peak inspiration
pressure=25cmH,0, positive end-expiratory pressure=7.5¢cmH,0) for 1 h.
After absorption atelectasis was induced, the thorax was widely opened, and
the lungs were fixed at various inflation pressures. Sizes of the terminal

airspaces were determined by using a microscope and a computer program.

Results: In rats receiving the lung lavage with Tween, a mixture of
overdistended and collapsed terminal airspaces was caused at an inflation
pressure of 20cmH,0O. At this pressure, ratio of the largest airspace size class
(>63,000m%) in the lavaged lungs was 53.2 = 10.1% (mean = SD, n=7) of all

airspaces, while that in the normal lungs was 13.7 = 4.5% (n=7, P<0.05).



Lungs inflated at 25 and 30cmH,O showed similar findings.

Conclusion: Lung surfactant may have the function to prevent

overdistension of terminal airspaces, as well as to prevent alveolar collapse.
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Department of Medicine, National Jewish Health, USA¥
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Mutations in the surfactant protein C (SFTPC) are
predicted to be high frequency in pediatric
interstitial lung diseases (PILD)

(O Yasuhiro Setoguchi, Seiko Kume, Yuta Kono

Division of Respiratory Medicine, Tokyo Medical University, Tokyo,
Japan.

Mutations in SFTPC have been reported to be identified in patients with
familial IP. Based on this knowledge, we analyzed SFTPC in patients with
IIPs and evaluated the clinical characteristics of these patients. Methods: We
enrolled 22 patients with familial IP, 52 patients with sporadic IP (infant-onset
n=20, adult-onset n=32) and 43 healthy volunteers. Sequencing of SFTPC
locus was performed in DNA extracted from blood. Results: We identified
eight heterozygous missense mutations in SF7TPC, containing four novel
mutations in exon 2, exon3, exon4, and two well-known mutations in exon 3.
Each patient with adult-onset familial IP was diagnosed at under 30 years
old. Either familial or sporadic IP was associated with high frequency of
mutation of SF7TPC in PILD (45%) compared to adult-onset IP (10%).
Interestingly, survivors of PILD in either sporadic or familial fashion showed
the change of the phenotype to UIP from NSIP or DIP pattern. Conclusion:
This data suggest that at least child-onset IP could be linked to mutation of
SFTPC even in both sporadic and familial IP.
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