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Phosphatidyl choline (PC) is the major
phospholipid found in lung washings or in
normal, mammalian lung tissue extract (1).
Previous studies indicate that the quantity
of this surface active material increases dur-
ing the development of the lung (2). The
incorporation of P*? into PC by lung slices
also increases during the developmental
period and has been related to the biosyn-
thesis of PC in the lung (3). In the present
study, lung slices from mammals having
different oxygen consumptions, lung surface
areas, and alveolar diameters were incubated
with P3*? orthophosphate; determinations of
percentage PC in the phospholipid fraction,
concentration of PC, and incorporation of
P*2 into PC were performed to compare
these parameters in various mammalian
species.

Materials and Methods. Adult mice, rats,
rabbits, cats, and a sloth, as well as new-
born (3-5 days) mice, rats, rabbits, and
cats were sacrificed by decapitation. Their
hearts and lungs were carefully dissected
from the chest and were rapidly chilled to
3-5°n 0.85% saline-soaked gauze. Dupli-
cate (quadruple for the sloth) lung tissue
samples of approximately 0.5g were
quickly obtained from the periphery (entire
lungs were used in newborn mice and new-
born rats) and weighed to the nearest 0.1
mg. On a Teflon block, the specimens were
sliced finely (always by the same person)
with a new razor blade which had been
rinsed with chloroform:methanol (2:1).
The sliced tissue was then placed in a 50

ml Erlenmeyer incubation flask containing
30 uCi carrier-free P32 orthophosphate
(New England Nuclear Corp.) in H;O and
4 ml modified Ringer’s solution buffered to
pH 7.38 at 38° with 0.01 M Tham (tris-
hydroxyaminomethane). With a gentle flow
of hydrated oxygen (100% ), the tissue was
incubated at 38° for 3 hr in an agitating
water bath. The variables of temperature,
time, substrate concentration, and oxygen
concentration had been determined previ-
ously in this laboratory to be optimal for
lung slice incorporation studies. In the
species represented, the uptake of P32 ortho-
phosphate into PC was linear for the 3 hr
incubation period.

The reaction was terminated by the addi-
tion of 10 ml methanol, and the contents of
the flask were homogenized at room tem-
perature in a Teflon tissue grinder; 20 ml
chloroform was added and the resultant
chloroform:methanol (2:1) solvent was
used to extract the lipids according to the
method of Folch et al. (4). The tissue sus-
pension was filtered through Whatman No. 1
filter paper into a volumetric cylinder, and the
trapped tissue was washed with an additional
35 ml chloroform:methanol (2:1). Fur-
ther extraction of selected samples of lung
tissue for periods up to 24 hr revealed an
initial extraction of at least 95% by this
method. The chloroform:methanol extract
was washed three times with 0.75% potas-
sium chloride (0.2 ml wash/1.0 ml extract).-
The upper, methanol:water phase was dis-
carded; and the lower, chloroform phase
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was expanded to clearness with chloroform:
methanol (2:1). The fluff formed at the
interphase of this system readily dissolved
upon addition of chloroform:methanol.
Tissue samples and lipid extracts were
stored at —10° until analyzed, and deter-
minations were completed within 1 week.

Duplicate 0.5-ml samples of the washed
chloroform : methanol extract were taken to
dryness under nitrogen and analyzed for
inorganic phosphorus content according to
the colorimetric method of Bartlett (5).
Duplicate analyses of lipid extracts differed
by less than 10% and were averaged
and compared to standards of known con-
centration of inorganic phosphorus. The
lipid phosphorus content per gram fresh
weight of lung tissue was multiplied by 25
to estimate the phospholipid content (6).

The component phospholipids were sep-
arated for phosphorus analysis and scin-
tillation counting by thin-layer chromatog-
raphy. Glass plates were prepared according
to the method of Skipski et al. (7) with
silica H, made slightly basic with 0.001 M
sodium acetate. Duplicate 1.0 ml samples
of chloroform:methanol extracts were par-
tially dried under nitrogen and spotted on
3 cm lanes. Commercially available phos-
pholipid standards were similarly applied,
and the thin-layer plates were devel-
oped at room temperature in a solvent
system of chloroform:methanol:glacial ace-
tic acid:water (100:50:16:8). Seven areas
were identified using Rhodamine 6G: the
origin, lysophosphatidyl choline, sphingo-
myelin, phosphatidyl choline, phosphatidyl
serine plus phosphatidyl inositol, phos-
phatidyl ethanolamine, and the solvent front.
No attempt was made to identify other
compounds.

Each zone was marked and scraped into a
separate counting vial containing 10 ml scin-
tillation fluid (15.6 g PPO, 17.1 g POPOP/
3.79 liters toluene). Duplicate 0.5 ml sam-
ples of the chloroform:methanol extract
were placed into vials, dried under nitrogen,
and similarly prepared for scintillation
counting. All samples were counted 2 min
for P2 content with a Mark II Nuclear
Chicago Scintillation Counter. Quench cor-
rection factors were derived by the external
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standard method, and the P32 counts were
corrected for decay. Counts so derived were
subsequently modified as to extract volume,
tissue weight, and DNA content.

To determine the percent composition of
the constituent phospholipids, duplicate
3.0 ml samples of the chloroform:methanol
extract were separated by thin-layer chro-
matography as described above. After iden-
tification, each zone was scraped into a
separate test tube for phosphorus deter-
mination as described by Parker and Peter-
son (8). The percent composition of each
of the seven zones was calculated by divid-
ing averaged duplicate optical densities for
each zone by the averaged duplicate total
optical density. Thin-layer chromatographic
separations recovered approximately 90%
of the phospholipid phosphorus applied to
the plate.

Duplicate tissue samples contiguous to
those for incubation were taken for DNA
determinations by a modification of the
colorimetric method of Schneider (9) and
were compared to standards of known con-
centrations of DNA. DNA is an index of
cell number using the constancy of 6.2 pg
DNA per nucleus in lung (10). Some DNA
and phospholipid analyses were performed
on lungs not reacted with radioactive sub-
strates.

Results. The results of these studies are
presented in Table I. Adult lung DNA con-
centrations per gram fresh weight were
greatest in the mouse and least in the sloth,
but these values differed by a factor of only
1.5. The mean DNA content per gram fresh
weight of lung of each of the newborn
mammals was greater than that of the re-
spective adult.

The quantity of PC/mg DNA in the
adults was highest in the rabbit and was 1.8
times that of the sloth, which was lowest.
All newborn values were equal to or less
than their respective adults.

The incorporation of P32 into lung PC
was 25 times greater in the mouse than in
the sloth when expressed as per gram fresh
weight of lung tissues; it was 15 times
greater when expressed per mg DNA;
and it was 11 times greater when expressed
as specific activity. P2 incorporation in each
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newborn was equal to or less than that of
the respective adult.

Discussion. In general, small mammals
have a greater oxygen consumption per unit
body weight than do large ones (11). In
mammals with high oxygen consumption
per unit body weight, the increased alveolar
surface area required for adequate gaseous
diffusion is effected by internal pulmonary
partitioning, with a concomitant decrease
in alveolar diameter and an increase in the
number of alveoli per unit lung volume
(12). Thus, body weight, metabolic rate,
alveolar surface area, alveolar diameter, and
lung volume are all interrelated. In addition,
Clements et al. reported a direct relation-
ship between the amount of surface active
material present in different species and the
total pulmonary surface area (13).

In this study, the greatest incorporation
of P*? into lung PC is in mammals with the
highest oxygen consumptions per kg, the
most rapid respiratory rates, the largest
pulmonary surface areas per unit lung vol-
ume, and the smallest alveoli. The incor-
poration of P*? into PC (cpm/mg DNA) is
15 times greater in the mouse than in the
sloth, while the quantity of PC (mg/mg
DNA) is only 1.4 times greater in the mouse
than in the sloth (Fig. 1). Thus, the observed
increase in isotope incorporation is not

a: cpm (x10%) P32 in PC/mgDNA
e:=mg PC/mg DNA
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F1G. 1. P* incorporation into lung phosphatidyl
choline (PC) and concentration of PC in various
adult mammals. Points represent mean =+ SE,
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merely the result of an increase in PC pool
size. Specific activity includes both these
parameters (cpm P* in PC/mg PC), and
we interpret it to be an index of the rate of
synthesis of PC. Viewed in this way, the
present data indicate that the mouse syn-
thesizes PC approximately ten times faster
than does the sloth. It is of interest that
dipalmitoyl PC is the largest single con-
stituent of lung PC (1) and is an impor-
tant part of the surface active phospholipid
which presumably lines the alveoli and
tends to stabilize them at low transpulmo-
nary pressures by reducing alveolar surface
tension (14).

The specific activities of P?? in lung PC
do differ among the mammals tested; and it
seems plausible that one or more anatomic,
metabolic, or functional characteristics
might influence the turnover of PC. Al-
though the specific activity data from the
present study correlates well (log-log plot)
with such parameters (12) as alveolar sur-
face area per unit lung volume (r = 0.90),
alveolar diameter (r = 0.94), and oxygen
consumption/kg/hr (r = 0.97), a specific
relationship between structure, function, and
the control of lung PC synthesis is unclear.

Summary. In the present study the incor-
poration of P into lung PC (cpm/mg
DNA) was lowest in the sloth, was pro-
gressively higher in the cat, rabbit, and rat,
and was highest in the mouse. It was 25
times greater in the adult mouse than in
the sloth when expressed per gram fresh
weight of lung tissue; it was 15 times greater
when expressed as per mg DNA; and it was
11 times greater when expressed as specific
activity. Lung PC specific activity from this
study correlates well with alveolar surface
area per unit lung volume, alveolar di-
ameter, and oxygen consumption.
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