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ABSTRACT. Concentrated “surfactant” was oh-

tamed by centrifugation of alveolar wash
from adult rabbits for 1 hour at 4#{176}C,1,000xG,
and deposited in the trachea of premature rabbit
fetuses, killed at the gestational age of 28 days,

i.e., 1 day before appreciable amounts of surface

active phospholipids are naturally present in the
pulmonary fluid. Pressure-volume tracings revealed

a mature pattern in the surfactant-treated animals,

with wide hysteresis. Significantly less air entered

the lungs of control fetuses from the same litters,

and the pressure-volume tracings from these ani-
mals showed a premature pattern, with minimal

hysteresis.

The lungs of the fetuses were fixed in formalin

under the endotracheal deflation pressure of 10 cm

H20. Histological examination of the lungs re-
vealed moderate or prominent air expansion of the
parenchyma in surfactant-treated animals, whereas
no or only slight air expansion characterized the

controls.
Tracheal deposition of surfactant prior to the first

breath thus seems to enhance the air expansion of

the premature lung, and might possibly be applied

as a method for prophylaxis against the idiopathic
respiratory distress syndrome, which is related to
deficiency of surface active phospholipids in the

pulmonary fluid.

Pediatrics, 49:58, 1972, PULMONARY SURFACTANT,

TRACHEAL DEPOSITION, PREMATURE RABBIT FETUS,

IDIOPATHIC RESPIRATORY DISTRESS SYNDROME, PRO-

PHYLAXIS.

T HE fetal trachea, bronchi, and final

branches of the airways contain a liq-

uid, which is partly extruded during the

second stage of a normal delivery, when

the thorax is squeezed as it passes the

lower birth canal. However, since some air-

way liquid will remain, the first inspiration

implies the descent of air-liquid interfaces

through the conducting airways, and in the

finer of these, capillarity will offer consider-

able resistance. The pressure gradient re-

quired to overcome this resistance is di-
rectly proportional to surface tension of the

airway liquid. At term, pulmonary surfac-

tant, a collective name for certain surface

active phospholipids produced by alveolar

type II cells,l,2 lowers surface tension and

thus reduces the pressure gradient required

to aerate the lungs during the first breath.

Furthermore, pulmonary surfactant stabi-

lizes the alveoli once they have become ex-

panded.

In the rabbit, the fetal lung markedly in-
creases its synthesis of surface active phos-

pholipids from the 28th day of gestation,3

but it is not until after that day that the lungs

have surface properties indicating an ade-

quate phospholipid content.4 A fetus de-

livered earlier will generally not survive,

since proper ventilation of the lungs cannot

be obtained by spontaneous respiratory

movements. However, if pulmonary surfac-

tant were deposited in the trachea of the

rabbit fetus on the 28th day of gestation or

earlier, the succeeding air expansion of the

lungs should be improved. This paper is a

report on the effect of such surfactant de-

position made on the 28th day of the rabbit

pregnancy. The lung expansion following

this treatment was evaluated by pressure-
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Fic. 1. Arrangement for photographic recording of lung expansion in

changes in intratracheal pressure.

fetuses subjected to identical
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volume recordings, and by histological ex-

amination.

MATERIAL AND METHODS

The litters from six rabbits were used.

Times of mating were known within 2

hours. Twenty-eight days later, less 0 to 6
hours, the studies were performed. The rab-

bits were given a lethal dose of Nembutal.

When the fetuses no longer moved sponta-

neously, they were delivered through uter-

ine incisions. They were weighed, and from

each doe some fetuses were used for experi-
mental purposes ( total: 23 fetuses ) and lit-

termates served as controls ( 13 fetuses).

The trachea was exposed and when it was

incised, pulmonary fluid was seen to flow

out as the chest was gently squeezed.

Through the tracheal incision, a well-fitting

nylon tubing (external diameter 0.94 mm)

was inserted. For the experimental fetuses,

this tubing contained approximately 25 1il of

a surfactant suspension prepared in the

following way: From an adult rabbit an al-
veolar wash with 50 ml saline solution was

centrifuged for 1 hour, at 1000 X G and 4#{176}C.

This resulted in a white pellet, which

was suspended in an equal volume of su-

pernatant. The phospholipid concentration

of the crude suspension thus obtained was

approximately 25 mM of phosphorus per

liter. It was used without further dilution in

all the experimental fetuses of four litters

(11 fetuses).

Also one fetus from each of the remaining

two litters received a surfactant suspension

of the same concentration ( 1 : 1 ) , whereas

the other 10 experimental fetuses of these

litters received a successively diluted sus-

pension (1:2-1:64, and 1:2-1:16). For the

control fetuses the tracheal tubing con-

tamed an equal volume of saline solution

( 11 fetuses ) or it was empty ( two fetuses).

Each fetus was then connected with a glass

tube, containing 2 ml of air ( Fig. 1 ). The

other end of the glass tube contained red

stained water and communicated with an

open jar also containing dyed water. By

stepwise elevating the jar, pressure was sue-

cessively increased, and when the lungs of a

fetus became expanded, the volume of air

entering the lungs from the glass tube was

replaced with red-stained water, forming

horizontal bars in a graph. By photograph-

ing this graph after each pressure change,

the pressure-volume relation was recorded.

Pressure was successively raised from 0 cm

H20 to 10, 20, 30, and 35 cm H20 and was

then lowered again to 30, 20, 10, and 0 cm-

H20. At each level, pressure was maintained

for 15 seconds, at the end of which period a

photograph was taken. After this first ex-

pansion, a second one was made in an iden-
tical manner, after which pressure during 2
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60 TRACHEAL DEPOSITION OF SURFACTANT IN RABBITS

TABLE I

WHEN INTRATRACHEAL PRESSURE WAS SUCCESSIVELY

RAISED AND LOWERED, THE EXPANSION WAS

SIGNIFICANTLY LARGER IN SURFACTANT-

TREATED FETUSES THAN IN CONTROLS

Lung Expansion (ml)

Expan- Surfactant- Saline- Froba-

Pressure treated treated bility

Cycle (cm Hi)) Fetuses, n13 Controls, n’ll P<

Mean SD Mean SD

I

II

10 0.03 0.03 0.01 0.01

20 0.10 0.07 0.03 0.03 0.01

30 0.46 0.23 0.10 0.12 0.001

3,5 0.73 0.27 0.21 0.24 0.001

30 0.78 0.23 0.22 0.24 0.001
20 0.71 0.23 0.17 0.17 0.001

10 0.44 0.18 0.07 0.07 0.001

0 0.05 0.07 0.00 0.01 0.05

10 0.11 0.17 0.00 0.02 0.05
20 0.27 0.21 0.04 0.05 0.01
30 0.73 0.24 0.19 0.18 0.001

35 0.92 0.24 0.29 0.28 0.001

30 0.92 0.23 0.28 0.26 0.001

20 0.84 0.22 0.26 0.24 0.001

10 0.51 0.20 0.08 0.09 0.001

minutes was rhythmically raised to 35 cm

H2O for 5 seconds and lowered to 0 cm H2O
for 5 seconds, simulating a period of
breathing. In the final cycle, however, de-

flation was arrested at a pressure of 10 cm
H20.

As pressure was successively raised to 35

em H20 the 2 ml of air available for each

fetus was compressed, whereby the column

of stained water moved more than what

corresponded to lung expansion. To correct

for this error the recorded volume of air en-

tering the lungs when pressure was raised

to 10, 20, 30, and 35 cm H20 should be re-

duced with 0.02, 0.04 ,0.06, and 0.07 ml, re-

spectively. The lung expansion volumes re-
ported in Table I were corrected in this

manner.

With the air-filled tracheal tube still con-
nected to the pressure-volume recording

system, the intact thorax of the fetus was
fixed in formalin for at least 4 days. In or-

der to facilitate the recognition of irregular
lung expansion in the subsequent micro-

scopic analysis, the endotracheal pressure

of 10 cm H2O was maintained during the

entire period of fixation.

From each fetus a transverse slice of the
thorax, approximately 5 mm thick, was cut

at the level of the heart. The microscopic

structure of the lungs was studied in 10 p�

thick paraffin sections from this tissue block,

stained with hematoxylin and eosin. In ad-

dition to conventional histological examina-

tion, lung volume proportions were ana-

lyzed with an integrating eyepiece of the

point counting type, according to the prin-

ciples outlined by Challdey.5 The relative

volumes (V) of the following compart-

ments were determined:

1. alveolar lumen ( al)

2. interalveolar septa (ias)

3. bronchial lumen (bl)

The term “alveolar lumen” includes alveolar
duct spaces as well, and the term “interal-

veolar septa” alludes to the walls between

adjacent alveoli. The term “bronchial lu-

men” refers to all conducting airways proxi-

mal to the alveolar ducts, i.e., all airspaces

outlined with columnar or cuboidal epithe-

hum.

The entire transverse section of both

lungs was screened in each case. Indexes of
alveolar and broncho-alveolar expansion

(In, Iba) were then calculated as follows:

Vai

V ins

‘ba = -.

Vat

In three fetuses, included in the pressure-

volume calculations, histological evaluation

of lung expansion was impossible because

of inadequate fixation of the specimen.

RESULTS

Pressure-Volume Recordings

In each experiment the lung expansion of
the surfactant-treated fetuses was greater

than that of the controls. Thus, the volume

of air which entered the lungs when pres-
sure was raised to 30 cm H20 was at least
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twice as large in fetuses who had received

undiluted surfactant suspension than in
control littermates which had been given an

equal volume of saline solution or no liquid

at all in the tracheal tubing (Fig. 2, A).

The effect of surfactant treatment was per-

haps most conspicuously demonstrated in

the first experiment where the fetuses re-

ceived a successively diluted suspension

( Fig. 2, B). The volume of air which en-

tered the lungs when pressure was raised

decreased with increasing dilution, and

when the surfactant was diluted more than

eight times it affected lung expansion no

more than did saline solution. A similar re-

sult was obtained in the second dilution ex-

periment (Fig. 2, C).

As seen from Figure 3 and Table I, the
mean volume of air entering the lungs,

when pressure was raised to 35 cm H2O,

was three times as large in the surfactant-

treated fetuses as in the saline-treated con-

trols. This highly significant difference (P <

0.001 ) was maintained also during deflation

down to 10 cm H20. During the second ex-

pansion, volume increased in surfactant-

treated fetuses as in the controls, but the

difference between the two groups was still

highly significant, particularly at high mBa-

tion pressures and during deflation. In both
expansion cycles, the mean volume of air

retained at the deflation pressure of 10 cm

H20 was five times larger in the surfactant-

treated fetuses than in controls.

Histological Findings

A clear difference between surfactant-

treated fetuses and controls was also noted

on histological examination of the lungs.
The usual pattern encountered in lung sec-

tions from surfactant-treated fetuses was a

patchy type of alveolar air expansion, in

which well expanded areas alternated with

groups of unexpanded alveoli in about

equal proportions. These “unexpanded” al-

veoli were not truly collapsed but had the

irregular outline that corresponds to the

normal fluid filled state of the fetal lung

�i oI.U2,4tI44Mhfl. LLL,.so 32164 Sob..

Su,l.ct.nt Su,I.ct.ni

� ;o�j�OrnH2O ��H2G

Fic. 2. Bar graphs drawn from photographs oh-

tamed with arrangement shown in Figure 1. The
volume of air entering the lungs is recorded at in-

fiation pressure ( arrow upwards ) of 30 cm H�O,

and at deflation pressure ( arrow downwards ) of 10
cm H90. A: Air expansion is clearly larger in fe-
tuses receiving surfactant than in littermates re-
ceiving saline solution or no liquid in tracheal tube.
B and C: Air expansion in fetuses treated with suc-

cessively diluted surfactant (first and second di-
lution series, respectively).

Fic. 3. Pressure-volume curves representing mean

volumes of air entering lungs at various inflation

and deflation pressures (first expansion cycle). Sur-

factant-treated fetuses show a wide, mature type

of hysteresis loop, which is clearly different from

that of saline-treated controls.
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62 TRACHEAL DEPOSITION OF SURFACTANT IN RABBITS

A B

ct#{149}_. 0

Fic. 4. Histological appearance of lungs from saline-treated control fetuses

( A, B ) and surfactant-treated fetuses ( C, D ) . The lungs were fixed at endo-

tracheal deflation pressure of 10 cm H20. ( Hematoxylin-eosin. ) A: “Un-

expanded” lung of control fetus. In all fields the alveolar configuration

corresponds to the normal fluid filled state of the fetal lung. Alveolar cx-

pansion index = 0.43 broncho-alveolar expansion index = 0.31. B: The lungs

of this control fetus show focal air expansion, but the greater part of

the pulmonary parenchyma remains unexpanded. In some areas there is

distension of conducting airway’s proximal to unexpanded alveoli, i.e., a

pattern corresponding to “atelectasis of prematurity.” Alveolar expansion

index = 0.58. Broncho-alveolar expansion index = 0.36. C: Moderate air

expansion in surfactant-treated fetus. Although the alveolar expansion is

patchy, this is not equivalent to “atelectasis of prematurity” (cf. Fig. 4, B).

Alveolar expansion index = 0.80. Broncho-alveolar expansion index = 0.22.

D: This surfactant-treated fetus displays almost complete air expansion.

Alveolar expansion index = 2.26. Broncho-alveolar expansion index = 0.13.
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Tracheal

Deposition

Number

Fetuse8

Alveolar Expansion lndex* Broncho-Alveolar Expansion Index

Range Mean SD Range Mean SD

Surfactant 11 0 .80-i .�6 1 .�5 0 .37 0 . 13-0 .44 0 .24 0.08

Saline 10 0.54-1.24 0.74 0.� 0.19-0.5�l 0.31 0.09

Nil 0.43-0.59 0.11-0.31

and saline-treated controls is statistically significant

TABLE III

HISTOLOGICAL EVALUATION OF AIR EXPANSION AT

VARIOUS CONCENTRATIONS OF SURFACTANT IN THE

TRACHEAL TUBE (FIRST DILUTION SERIES)

ARTICLES 63

TABLE II

HIsToi.oGIcAL EVALUATION OF AIR EXPANSION IN EXPERIMENTAL FETUSES AND CONTROLS

* The difference between surfactant-treated fetuses

(P <0.005).

( Fig. 4, C ). A few surfactant-treated fe-

tuses displayed almost complete air expan-

sion of the alveoli ( Fig. 4, D).
In saline-treated and untreated controls

alveolar air expansion was, as a rule, con-

siderably less pronounced than in the

surfactant-treated fetuses. Five of these con-

trot fetuses thus displayed entirely “unex-

panded” lungs, in which the alveolar config-

uration in all fields corresponded to the

fluid filled state ( Fig. 4, A). Other controls

showed scattered areas of air expanded al-

veoli, the greater part of the pulmonary

parenchyma being “unexpanded” ( Fig. 4,

B ). In only one of the saline-treated con-

trols the degree of alveolar air expansion

was comparable to that usually found in

surfactant-treated fetuses.

Surfactant

Concentralion

Alveolar

Expansion

Index

Broncho-

Alveolar

Expansion

Index

Fetal

Weigid

(gin)

1:1 0.13 �8

i:� 1.58 0.18 30

1:4 0.90 0.18 30

1:8 0.58 0.36 80

1:16 0.47 0.38 33

1:3� 0.51 0.34 33

1:64 0.64 0.41 35

Control (saline) 0 .83 0 .�7 33

Sections from some control fetuses re-

vealed a relative overexpansion of bron-

chioles and alveolar ducts, giving a histo-

logical appearance similar to “atelectasis of

prematurity”6 (Fig. 4, B ). In none of the

experimental or control fetuses was there

gross or histological evidence of interstitial

emphysema.

The aforementioned structural differences

between surfactant-treated fetuses and

controls were further borne out by the histo-

logical volumetric analysis of the lungs. In

the surfactant-treated group, the alveolar

expansion index thus ranged from 0.80 to

2.26 ( mean 1.25, SD 0.37), whereas among

the saline-treated fetuses it varied between

0.54 and 1.24 (mean 0.74, SD 0.22). In the

two untreated fetuses this index was 0.43

and 0.59 (Table II ). The difference be-

tween the surfactant-treated fetuses and the

saline-treated controls was statistically sig-

nificant ( P < 0.005).

The broncho-alveolar expansion index, on

the other hand, varied between 0.13 and

0.44 (mean 0.24, SD 0.08 ) in the surfac-

tant-treated fetuses. This index was usually

somewhat higher in the saline-treated con-

trols, where it ranged from 0.19 to 0.52

(mean 0.31, SD 0.09); the difference was,

however, not statistically significant

(P > 0.05 ). The broncho-alveolar expan-

sion indexes of the two untreated fetuses

were 0.31 and 0.11 (Table II).

The expansion patterns, expressed as in-

dex values, of the fetuses analyzed with

varying dilutions of surfactant in the tra-
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64 TRACHEAL DEPOSITION OF SURFACTANT IN RABBITS

TABLE IV

HISTOLOGICAL EVALUATION OF AIR EXPANSION AT
VARIOUS CONCENTRATIONS OF SURFACTANT IN THE

TRACHEAL TUBE (SECOND DILUTION SERIES)

Surf actant

Concentration

Alveolar

Expansion

Inlex

Broncho-

Alveolar

Expansion
Index

Fetal

Weight

(gm)

1:1 1.45 0.�6 34

1:� 0.98 0.38 34

1:4 1.74 0.�7 �5

1:8 0.75 0.�5 30

1:16 1.09 0.�0 34

Control (saline) 1.06 0.35 35

cheal tubing are given in Tables III and IV.
In the first dilution series (Table III), a
very high alveolar expansion index (2.26)

characterized the fetus which had received

“full dose” of surfactant in the tracheal
tube. At successive dilutions of surfactant,
this index felt towards control levels, which

was reached at dilutions 1:4 and 1:8. Still

higher dilutions of surfactant did not cause

further reduction of the alveolar expansion

index. Conversely, the broncho-alveolar ex-
pansion index was low (0.13) in the two fe-

tuses which had received the highest doses

of surfactant. There was a gradual increase
of this index at higher dilutions of surfac.-
tant, with a maximum of 0.41 at dilution
1 :64, reflecting a distension of bronchial

structures at the expense of alveolar ex-

pansion.

The histological volumetric results of the

second dilution series did not quite follow

the aforementioned pattern. Although a
comparatively high alveolar expansion in-

dex ( 1.45) was obtained in the fetus receiv-
ing the highest dose of surfactant, the trend

of this index to fall with successive dilu-
lions of surfactant was broken by the high
index (1.74) recorded at dilution 1:4. Fur-

thermore, the broncho-alveolar expansion
indexes of these littermates appeared to be

unrelated to the dilution of surfactant (Ta-

ble IV).

DISCUSSION

Our results clearly indicate that the air

expansion of the premature rabbit lung is

enhanced by tracheal deposition of a con-

centrated surfactant suspension. The bene-

ficial effect of this treatment was apparent

in pressure-volume recordings as well as in

lung sections from experimental animals, al-

though uniform air expansion was not ob-

served in most cases. It should be empha-

sized, however, that fixation of the lungs

was carried out at the deflation pressure of

10 cm H2O. To judge from the pressure-vol-

ume recordings, air expansion was consider-

ably greater at maximal inflation pressure,

35 cm H2O. Whether the expansion pattern

at maximal inflation was still irregular or

perhaps more uniform than at low deflation

pressure does not emerge from our experi-

mental data. However, irrespective of these
problems involved in the evaluation of our

histological findings, the difference between

experimental fetuses and controls was obvi-

ously in favor of the former group, and it
seems probable that the degree of air ex-

pansion obtained in most surfactant-treated

fetuses would be compatible with survival.

This hypothesis is currently tested in exper-

iments on liveborn fetuses.

The patchy type of air expansion, which

was usually encountered in lung sections

from experimental animals, might reflect in-
adequate supply or irregular distribution of

surfactant. Perhaps a more uniform air ex-

pansion could be achieved with even higher
doses of surfactant in the tracheal tube.

This possibility is further suggested by the

fact that there was a negative, although sta-

tistically not signfficant, correlation be-

tween the alveolar expansion index and the

body weight of surfactant-treated fetuses

(r= -0.32, P > 0.2), but not in controls

(r0.01 ). The lack of correlation between

these two variables in control fetuses is in

agreement with recent observations by Ko-

tas, et al.,� indicating that lung maturity of

the rabbit fetus is related to gestational age

rather than to fetal weight.
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Since the dose of surfactant was not ad-

justed to fetal weight, the smaller experi-

mental fetuses received proportionally

higher doses than did the larger ones. This

might account for the remarkably high al-

veolar expansion index recorded at dilution
1:4 in the second dilution series. The

weight of this particular fetus, 25 gm, was

considerably lower than that of its litter-

mates (Table IV).
The relative overdistension of bronchioles

in control fetuses might be explained by sur-

face forces, operating when the descending

meniscus of pulmonary fluid reaches the

finer conducting airways. Each airway then

has the configuration of a cylindrical tube

with a spherical structure (the meniscus)

at its end, and with the entire surface con-

sisting of pulmonary fluid. A further descent
of the meniscus requires a pressure gradient,

�P, which is related to the surface tension,

1� of the pulmonary fluid, and to the radius,
r, of the tube, according to the law of La-
place:

�P = 2y/r (for a spherical surface).

Thus, the meniscus will proceed towards the

alveoli only if the pressure gradient is

greater than 2i/r. This means that the wall

of the conducting airway must be able to

withstand at least this pressure gradient.

However, according to the law of Laplace

(as it applies to a cylindrical surface), sur-

face forces in the conducting airway will

counteract a pressure of only hr. The tissue
resistance of the same airway will thus have

to counteract a pressure gradient of at least

hr. From the law of Laplace it is also clear
that the retarding effect of surface tension

upon the descending meniscus is greatest

in the smallest conducting airways, i.e., in

the same segment where tissue resistance is

probably lower than anywhere else in the

conducting airway system. In other words,

the more the meniscus of pulmonary fluid

approaches the alveoli, the greater the risk

that its further descent be arrested and that

the conducting airway proximal to the
meniscus become overdistended. This is

more likely to happen in the premature

fetus, in which the surface tension of the

pulmonary fluid is great due to inadequate

supply of surfactant, and in which the tissue

resistance of the conducting airways is prob-

ably lower than in the full-term fetus. Al-

though the relative importance of each of

these two factors remains uncertain, the air

expansion pattern known as “atelectasis of

prematurity” is then the natural conse-

quence of the physical principles expressed

by the law of Laplace.

SPECULATION

The question is raised whether tracheal

deposition of surfactant might be adopted
as a prophylactic measure against the idio-

pathic respiratory distress syndrome, which

is known to be related to surfactant defi-
ciency in the pulmonary fluid of premature

infants.8 Such a deposition should obviously

be carried out before the first breath, imme-

diately after the head has been delivered

and while the chest is still in the vagina.
Preferably, infants at risk should be identi-

fled before delivery, e.g., according to the

principles recently outlined by Cluck, et al.,9

who reported that the phospholipid corn-

position of amniotic fluid, obtained by am-

niocentesis, reflects the degree of maturity of

the pulmonary surfactant system. In case of

pulmonary prematurity, tracheal deposition

of surfactant before the first breath might as-

sure the immediate survival of the infant.
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Migrant farm workers comprise-by the hundreds close-knit with their young children. They tend to

of thousands-a vastly ignored subculture whose be unusually warm and stimulating with their in-
work is essential to our well-stocked tables, but fants, and rather lax about disciplining them. They

whose lives are often simply not known to most of so treat them that there appears to be significantly

us. There has, for example, been no psychiatric less hostility between the children, much of it chan-
study of how these people manage such strains as neled toward other families as well as the world in
constant movement with its social and cultural dis- general, which is seen as unfriendly and punitive.
organization, economic hardship, political disen- Families thus become separated from families, even
franchisement, and the personal and familial condi- within the migrant culture, so that the price for co-
lions of uprootedness in general. hesion within the family is isolation and alienation

This psychiatric investigation finds that in order from others.
to adapt to such unusual facts of environment, mi- ROBERT Coi..r.s,
grants turn their isolated, mobile life inward, be- The lives of migrant farmers,

coming guarded and suspicious toward outsiders Amer. J. Psychiat., 122:271, 1965

but, in compensation for a rootless life, exceptionally
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