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Evaluation of the individual meta- 
bolic characteristics of each of the many 
morphologically distinct types of cells 
that occur in mammalian lungs re- 

quires a method to disperse them into 
a mixed population of individual viable 
cells (IVC) prior to their isolation into 

homogeneous groups. Dispersal of other 
tissues into IVC has been accomplished 
with mechanical, enzymatic, chemical, 
antibody-mediated, and combined meth- 
ods (1), but thus far no satisfactory 
method for the dispersal of mammalian 

lung has been available. This report de- 
scribes a method for the enzymatic dis- 

persal of rabbit lung into IVC that are 

Evaluation of the individual meta- 
bolic characteristics of each of the many 
morphologically distinct types of cells 
that occur in mammalian lungs re- 

quires a method to disperse them into 
a mixed population of individual viable 
cells (IVC) prior to their isolation into 

homogeneous groups. Dispersal of other 
tissues into IVC has been accomplished 
with mechanical, enzymatic, chemical, 
antibody-mediated, and combined meth- 
ods (1), but thus far no satisfactory 
method for the dispersal of mammalian 

lung has been available. This report de- 
scribes a method for the enzymatic dis- 

persal of rabbit lung into IVC that are 

morphologically intact, exclude a vital 

dye, consume oxygen, and incorporate 
palmitate into lecithin. 

New Zealand white male rabbits 

(average weight, 1.7 kg) were anesthe- 
tized intravenously with sodium pento- 
barbital. After tracheostomy, the lungs 
were artificially ventilated with air, the 
chest was opened, and a catheter in- 
serted through the right ventricle into 
the pulmonary artery was secured with 

ligatures. The left atrium was excised 
to reduce outflow obstruction to the 

perfusate and minimize formation of 
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ml of Krebs (2) serum substitute solu- 
tion III (KSSS), which is low in bi- 
carbonate and high in phosphate, plus 
2 percent fetal calf serum at pH 7.4. 
Perfusions done at flows of 60 to 70 
ml/min and at a pressure of less than 
20 cm-H20 removed most of the blood 
cellular elements. The lungs were ex- 
cised, weighed, and filled through the 
trachea with 80 to 100 ml of iced 
KSSS without calcium or magnesium 
but with 2 percent fetal calf serum. 
The solution contained, per milliliter, 1 

mg of crude collagenase, 2 mg of 
Pronase, 0.5 mg of chymopapain, 10 
units of elastase, 0.03 mg of deoxy- 
ribonuclease to reduce agglutination of 
cells, and 0.005 ml of crude catalase 
(3). The lungs were cut into approxi- 
mately 1-cm cubes and then into slices 
1 mm thick. These were incubated in 
the above enzyme mixture at 38?C for 
60 minutes with gentle agitation at 90 
cycles per minute in a Dubnoff shaker. 
A pH stat delivering 0.154M NaOH 
maintained the pH at 7.4. An oxygen 
stat delivered 0.088M H202 to main- 
tain the partial pressure of oxygen 
(Po2) at 130 + 10 torr (4). 

To reduce mechanical and chemical 
damage to the loose cells from con- 
tinued shaking in the enzyme mixture, 
the IVC were filtered through polyester 
mesh at intervals of 10, 20, 30, 45, 
and 60 minutes while the undispersed 
tissue residuum was returned to the 
enzyme mixture in the dispersal flask. 
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Fig. 1 (left). Scanning electron micrograph of air-dried prep- 
aration of individual dispersed lung cells coated with 30 percent 
fetal calf serum, which shows that the individual cells tend to 
be spherical or ovoid with irregular processes extending from 

some of the cells. Specific morphologic cell types were not identified by this method (X 800). Fig. 2 (right). Transmission 
electron micrograph of a granular pneumonocyte or type II alveolar cell which shows good preservation of the cytoplasmic 
organelles including mitochondria (m). The "lamellar bodies" (b) have lost the typical lamellate character which usually dis- 
tinguishes this cell so that the electron-dense material is now located at the periphery of the cytosome thought to contain 
surfactant (5). This change occurs after perfusion to remove blood cellular elements. A small portion of the membrane of 
another cell remains attached (arrow) (X 9260). 
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Viability was estimated by determin- 
ing the percentage of the IVC that ex- 
cluded 0.07 percent trypan blue dye 
from their nuclei. The number of cells 
with stained nuclei progressively de- 
creased from 12 percent in those cells 
initially dispersed to less than 4 percent 
in cells dispersed at the end of 60 min- 
utes of incubation with the enzymes. 
Individual cells with active cilia were 
seen in the counting chambers; these 
were the only cells in the dispersed 
population which could be positively 
identified by light microscopy. Scan- 
ning electron microscopy showed the 
surface character of the dispersed cells 
(Fig. 1). 

Granular pneumonocytes or type II 
alveolar cells (Fig. 2) were frequently 
present among the cells identified by 
transmission electron microscopy. The 
type II alveolar cell is thought to be the 
source of the alveolar surface active 
material or surfactant (5). We also 
identified the following types of IVC: 
ciliated, goblet, Clara, argentaffin, mu- 
cous, type I alveolar, capillary endo- 
thelial, fibroblast, smooth muscle, mac- 

rophage, and mast cells. 
The yield of IVC from rabbit lung 

by this method is greater than 50 per- 
cent by volume of the original lung 
weight. Yields of this magnitude equal 
or exceed those obtained by most tech- 

niques for the dispersal of other tis- 
sues. This technique has also been 
successfully applied to the dispersal of 
cat, rat, and dog lungs. 

The total yield of IVC from a single 
rabbit lung was combined in 70 ml of 
KSSS, 30 ml of fetal calf serum, 3 mg 
of deoxyribonuclease, and 0.5 ml of 
crude catalase. Oxygen consumption 
(Qo2) was determined on samples of 
mixed IVC in a thermostatically con- 
trolled (38?C) glass incubation cham- 
ber, and the Po2 was kept at 130 ? 10 
torr by an oxygen stat delivering 0.022M 
H202 (4). The pH was maintained at 
7.4 ? 0.02 with a pH stat delivering 
0.02M NaOH. Cells were gently agi- 
tated with a magnetic stirrer. The Qo2 
for the IVC averaged 6.2 /l (standard 
deviation 1.3) of oxygen per hour per 
milligram, dry weight, in ten animals. 
By comparison the Qo2 for rabbit lung 
slices was reported to be 6.7 by Barron 
and colleagues (16) and 8.0 (S.D. 1.0) 
by Krebs (2). We found that IVC from 
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pool of saturated lecithin if one con- 
sidered it to be de novo synthesis or a 

deacylation-reacylation reaction utiliz- 
ing unsaturated lecithin. Incorporation 
of labeled precursor into this major 
component of pulmonary surfactant (7) 
shows that the IVC can carry out an 

energy-requiring series of reactions at 
a significant rate. 
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Reversed Development and Cellular Aging in an Insect 

Abstract. Larvae of the beetle Trogoderma glabrum undergo partially reversed 
development when deprived of food and water. Retrogressive larval ecdyses 
occur, and the larvae become diminished in size and weight. Given food, the 
larvae regrow, ecdyze, and regain their previous degree of maturity. Repeated 
cycles of retrogression and regrowth are possible. Although larval in form and 
organ differentiation, repeatedly retrogressed insects display a physiological 
deterioration suggestive of aging. A deterioration of the ability to regrow is 

accompanied by increasing fat body polyploidy. 
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Experimentally reversed development 
has never been accomplished with a 
metazoan animal, in the sense of 
the animal's becoming progressively 
"younger" from the standpoint of phys- 
iological state or tissue differentiation. 
Were the genetically controlled develop- 
mental program reversed, there might 
also be the possibility of reversing ge- 
netically controlled aging processes. 
However, to the degree that aging ef- 
fects are probability-related accidental 

damage inflicted on cell systems, they 
could not be forestalled by a reversal 
of the developmental program (1). 

Insects are good experimental ani- 
mals for research on these relation- 

ships, because their postembryonic de- 

velopment is divided quite sharply into 
larval and adult developmental se- 

quences, with a corresponding division 
of the total genetic complement into 
larval and adult genomes (2). In a 
small number of holometabolous spe- 
cies, adult development can be pre- 
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vented under conditions that prevent 
the "turning on" of the adult genome 
(3). Genetic control of aging processes 
should be a function of the adult gen- 
ome, and if so, any aging manifested 
in long-lived larvae would be attribut- 
able only to time-related tissue damage. 
We have investigated some aspects of 
the problem, and have found that larval 

development may be reversed, at least 
to a limited degree. The superannuated 
larvae produced eventually displayed 
physiological dysfunctions suggestive of 
senescence. 

Larvae of a dermestid beetle, Trogo- 
derma glabrum (Herbst) were used, 
being reared in stock culture as pre- 
viously described (3). Nearly mature 
"last" instar (sixth) larvae were re- 
moved from stock culture and isolated 
in small test tubes (10 by 75 mm) with- 
out food, granular substrate, or water. 
Under these conditions, the larvae un- 
derwent an apparent reversal of larval 

development. Larvae so treated did not 
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