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groups were slightly lower than comparable 
figures for DCI pretreated animals statisti- 
cal treatment indicated that the apparent dif- 
ferences were not at all significant. 

It would appear from this series of experi- 
ments that the unique type of adrenergic 
blockade produced by DCI(5,6) is not ef- 
fective against either fever or heat loss. It is 
concluded that some mechanism other than 
body temperature is concerned in the protec- 
tive action of DCI which has been observed 
in mice challenged with E .  coli endotoxin( 7 ) .  

These data also suggest that the pyrogeni- 
city of an endotoxin is not directly correlated 
yith its toxicity. This is an important ob- 
servation since many investigadors use as an 
assay for endotoxin its ability to produce hy- 
perthermia in experimental test animals. If 
the assay employed fails to rneasiire the ori- 
ginally significant property of an endotoxin, 
i.e., its toxicity, then the value of the assay 
needs thoughtful evaluation. 

Summary. 1) Pretreatment o f  rabbits 

with DCI failed to prevent the pyrogenic re- 
action to injected bacterial endotoxin. 2) 
The hypopyrexia produced in mice by endo- 
toxin likewise was unaffected. 3 )  It is con- 
cluded that the type of adrenergic inhibition 
produced by this substance is not germane 
to the problem of body temperature changes 
induced by bacterial endotoxins. 
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Embryo extract has been employed exten- 
sively in tissue culture( 1 )  since the discov- 
ery of its stimulatory effects by Carrel(2). 
Modern developments have eliminated this 
material in a majority of instances from the 
requirements of mammalian cells( 3)  : never- 
tlheless, avian cultures, upon which the ini- 
tial observations were made, have continued 
to require embryo extract or components of 
embryo extract for satisfactory growth(4,5,6). 
Serum, traditionally necessary for mammal- 
ian cells, also has been essential to avian cul- 
tures in addition to the embryo extract(4,5,6). 

The present report concerns the growth re- 

*This work was completed under contract with 
Clancer Chemotherapy National Service Center, Nat. 
Clancer Inst., N.I.H., U.S.P.H.S. 

sponse of avian cultures to constituents of a 
serumless medium devised for cultivation of 
mammalian cells ( 7) . 

Methods and materials have been described 
previously (6). In brief , cell suspensions of 
14-16 day white Leghorn chick embryo lung 
or heart were prepared by stirring the minced 
tissue 2-4 hours with 0.2% Difco 1:250 tryp- 
sin in Earle’s balanced salt solution at  37°C. 
The cell suspension filtered through gauze 
and collected by centrifugation was resus- 
pended in a complete medium containing se- 
rum and embryo extract (6). One ml amounts 
of the suspension containing 5O,ooo1 to 100,- 
000 cells per ml were pipetted into 15 x 12 5 
mm roller tubes placed in a slanted position 
in racks. The cultures were established 
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FIG. 1. Respoiisc of chick embryo lung cells to dif-  
ferent media. Growth period, 4 days. Cells fisml 
with Bouin’s and stained wit11 Giemsa. x 3 0 .  
a. Plated inoeulum. b. Basal medium A. c. Basal 
medium A with 5% dialyzed bovine serum and 5% 
dialyzed embryo extract. d. Basal medium A plus 
special additives. e. Basal mccliuin A plus special 
additives and 5% dialyzed bovine serum. f .  Basill 
medium A plus special additives plus 5% dialyzwl 
serum, no lactalysate residue. g. Basal medium -1 
plus special additives, 5% dialyzed serum and 5% 
dialyzed embryo extract, no lactalysate residue. 
h. Basal medium A plus special additives, 5% dial- 
yzed serum and 5% dialyzed embryo extract, lac- 

talysate residue includecl. 

(plated) overnight by incubation a t  37°C in 
an atmosphere of 8 7 .  carbon dioxide-92% 
air. The medium was removed and the 
tubes rinsed with Earle’s solution. The cells 
then were overlaid with one ml of basal me- 
dium containing graduated quantities of test 
materials. After further incubation for 3-5 
days growth was measured by the protein de- 
termination method of Oyama and Eagle( 8 ) .  
The basal test medium (Medium A) for these 
studies consisted of all the constituents of 
the serumless medium for mammalian cul- 
tures(7) with the exception of the special ad- 
ditives which were incorporated as indicated 
for individual experiments. The preparation 
of dialyzed bovine serum and dialyzed em- 

bryo extract used has been described( 6). 
The relatively non-dialyzable portion of 

lactalysatet (lactalysate residue) was pre- 
pared by dialysis overnight against running 
tap water followed by dialysis for 24 hours 
against several changes of an excess of de- 
mineralized water. The non-dialyzable resi- 
due then was freeze-dried. Hydrdysates of 
lactalysate residue were prepared by auto- 
claving 100 mg in 5 ml 6 N HCl in sealed 
tubes for 16 hours a t  15 lb. pressure. HCl 
was removed by flash evaporation. The hy- 
drolysate was taken up in ethanol and again 
flash evaporated. An aqueous solution of the 
hydrolysate was then decolorized with Darco, 
grade S-51.3 

ResuZfs. The appearance of typical chick 
embryo lung cultures in various media is 
shown in Fig. 1. The plated cells of the in- 
oculum (Fig. l a )  increased in size but did 
not multiply in Medium A (Fig. lb) .  Sup- 
plementa tion with dialyzed embryo extract 
and dialyzed serum promoted rapid growth 
( Fig. lc)  . Addition of pyruvate, insulin, sal- 
mine, lactalysate (or derived preparations), 
folinic acid and methyl oleate, which were 
special constituents of serumless medium, en- 
abled the cells to grow into sheets (Fig. l a ) .  
Addition of dialyzed serum to the medium 
containing the special additives produced 
rapid growth (Fig. le)  comparable with me- 
dia containing embryo extract and serum. In 
the presence of serum, omission of lactalysate 
or derivatives resulted in a marked toxicity 
(Fig. l f ) .  Embryo extract prevented this 
toxicity (Fig. lg) as did the lactalysate prep- 
arations and good growth proceeded in me- 
dium containing embryo extract, serum, and 
special additives together with the non-dia- 
lyzable residue of lactalysate (Fig. 1 h) . In- 
clusion of whole lactalysate in the most com- 
plex medium often resulted in a character- 
istic clumping of cells and less growth. I n  
all further studies lactalysate residue was 
used rather than whole lactalysate. 

Investigation of the effect of special con- 
stituents added singly or in combination to 

t -4 pancreatic digest of lactalbumin, Edamin DR, 

t A. H. Thomas Co., Philadelphia, Pa. 
Sheffield Chemical Co., Norwich, N. Y. 
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TABLE I. Effect of Insulin, Salmine, Pyruvate, and Lactalysate Residue on Growth of Chick 
Embryo Heart and Lung Cell Cultures. 

Insulin Salmine Pyruva te Lac talysate residue 
pg cell prot./tube pg cell prot./tube pg cell prot./tube pg cell prot./tube 

0 5% 0 5% 0 5% 0 5% 
pg/ml serum serum pg/ml serum serum mM serum serum pg/ml serum serum 

0 
.05 
.1 
.5 

1 

5 
10 

0 
’ .05 

2 .  

.1 

.5 
1 
2 
5 

10 

~~ 

4 138 
10 121 
10 121 
20 138 
36 150 
34 178 
40 190 
46 178 

36 82 
38 80 
38 80 
46 88 
52 94 
54 102 
58 116 
64 88 

0 
.1 
.5 

1 
3 
5 
8 

10 

0 
.1 
.5 

1 
3 
5 
8 

10 

Chick embryo heart 
30 48 0 30 
30 74 .01 36 
35 46 .05 36 
38 84 .1 32 
44 166 .2 38 
38 172 .5 42 
38 166 1 46 
44 154 2 48 

96 36 0 100 
96 40 .01 112 

112 40 .05 118 
118 78 .1 108 
126 156 .2 118 
118 170 .5 118 
102 182 1 112 
104 158 2 118 

Chick embryo lung 

102 
116 
138 
166 
168 
182 
184 
164 

132 
128 
126 
128 
130 
152 
158 
162 

0 
25 
50 

100 
200 
500 

1000 

0 
25 
50 

100 
200 
500 

1000 

22 18 
54 56 
44 98 
98 144 
52 184 
42 190 
46 186 

12 12 
28 42 
48 72 
60 92 
60 104 
68 128 
66 115 

Inoculun? was 80,000 cells/ml. Growth was 4 days at 37°C in basal medium A together with 
insulin, salmine, ppruvate, lactalysate residue, folinic acid and methyl oleate with and without 
5% dialyzed serum. 

medium A with and without serum demon- 
strated the stimulatory effects of lactalysate 
and derivatives, pyruvate, insulin, and sal- 
mine. Methyl oleate and folinic acid were 
;not found to be consistently stimulatory. Mu- 
cic acid and galacturonic acid a t  no time ap- 
peared beneficial and were omitted from the 
media. In Table I is shown the growth re- 
sponse of chick embryo lung and heart cul- 
tures to graduated quantities of insulin, sal- 
imine, pyruvate and lactalysate residue. The 
basal medium was medium A, containing, un- 
lless otherwise specified, 5 pg insulin, 5 pg 
salmine sulfate, 250 pg lactalysate residue, 1 
mM pyruvate, 0.1 pg folinic acid, and 5 pg 
methyl oleate per ml with and without 5% 
dialyzed bovine serum. It will be noted that 
omission of any one of the additives evalu- 
ated resulted in decreased growth. Optimal 
levels were approximately the quantities in- 
cluded in the complete medium (as listed 
above) and which were determined by pre- 
liminary experiment. The heart and lung cul- 
tures responded in a similar fashion. Growth 
was greatest in media containing serum. Vari- 
ation of the serum concentration over a range 
of 3 to 1070 did not affect results appreciably. 

The role of lactalysate or derivatives was 

especially important in that these overcame 
the toxicity noted previously, which was 
characteristic of all samples of bovine serum 
from animals of relative maturity or chicken 
serum tested whether dialyzed or undialyzed. 
This toxicity of serum was manifested in the 
simpler medium A as well as in presence of 
the special constituents. In either case lac- 
talysate, its derivatives, or embryo extract 
overcame the toxicity. On occasion, lactaly- 
sate was not wholly satisfactory in media con- 
taining samples of serum which were excep- 
tionally toxic. Examination of the lactaly- 
sate revealed that stimulatory and protective 
factor (s) reside chiefly in the non-dialyzable 
portion comprising about 870 of the total, 
This “lactalysate residue” a t  250 pg/ml sub- 
stituted completely for 1-5 mg of lactalysate 
to stimulate growth and consistently over- 
came toxicity of all sera tested. Although the 
non-dialyzable property of the active portion 
of lactalysate suggested a proteose or pep- 
tone, this concept was dispelled by the equiv- 
alent activity of lactalysate residue sub- 
jected to acid hydrolysis (Table 11). Iden- 
tification of the active factor(s) is being in- 
ves tigated. 

Bacto-peptone displayed activity but was 
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TABLE 11. Relative Activity of Laetalyite. 1,;tctillYsate Rcsidue and Its Acid Hydrolysate for 
Growth of Chick E I I I I I ~ ~ I  Lung Cultures. 

LNC t R l p ; ~  t v iwiclue 

mg/ml t (4 I ] /  t 111 w I1 I g , I 1  1 1 t to; 1 I / t 11 I I C  aig/ml tein/tuhe 

I1 12 I )  12 0 12 
. I  1.’ .I t2.j ICIti .023 102 
. .) : : I 1  -11.7 1 :is . 0 3 128 

1 . ( I  tic I . I  172 .1 158 
2.0 1 ( I0  .- 1st; .2 166 

194 3.1) 122 .*) 

.j.O 142 1 . 1 1  186 

Lactalysate residue 
(acid hydrolysate”) Lactal-pat e 

plg Cell pro- pg ccll ])YO- pg.cell pro- 

__ -- 

) 

much less potent than lactalysate. Bacto- 
tryptone and Difco proteose-peptone were 
not significantly active. 

Bovine fetal serum containing essentially a 
gamma protein which was 39% u-globulin.* 
presumably largely fetuin. proved to be an 
exception among all sera tested in that it was 
non-toxic. Table 111 gives a comparison of 
growth of chick embryo lung cultures in me- 
dia containing dialyzed fetal calf serum and 
dialyzed bovine serum. The contrast in tosic 
properties of the 2 sera may be noted. Ad- 
dition of lactalysate or embryo extract was 
unnecessary for maximal growth with fetal 
serum. However. growth was inferior to that 
in media containing either of these factors 
together with the customary bovine serum. 
Fetuin stimulated growth in absence of serum 
as did the lactalysate residue or embryo es- 
tract, although it did not overcome toxicity 
of bovine serum. The effectiveness of fetal 
serum apparently is not attributable to i ts  
high content of fetuin. 

Relative growth rates of chick embryo 
lung cultures on different media are shown in 
Fig. 2. Inclusion of the special additives with 
medium A accelerated growth. Further addi- 
tion of 5% dialyzed serum supported growth 
rates comparable to those in media contain- 
ing 5% dialyzed serum and 5% dialyzed em- 
bryo extract. 

Freshly prepared chick embryo lung cells 
were found to plate out and grow in media 
containing the special additives and 5% 

0 Obtained from Colorado Serum Co., Denver, 
Paper electrophoretic analysis by Dr. -4. I. Schepartz, 
Merck, Sharp and Dohme. 

dialyzed serum without previous establish- 
ment in media containing embryo extract. 
These cells were grown through several sub- 
cultures. Growth rates declined, however, 
and it became apparent that surviving cells 
would represent a selected or adapted popu- 
lation, and the cultures were abandoned. 

Discussion. Of particular interest in 
growth of the avian cultures were the bene- 
ficial effects of the special additives even in 
presence of serum. Salmine, which enables 
cells to adhere to surfaces of culture vessels 
( 9 ) .  possibly complemented the action of 
suboptimal concentrations of naturally oc- 
curring “sticking” or “spreading” factors. 
Insulin may also be required in relatively high 

TXH1,E TTT. Coinparison of Growth of Chick Em- 
1 1 1 . y  Lung Cultures in Media Containing Dialyzed 

Fctal C’df Scrum and Dialyzed Bovine Serum. 

Addition to basal medium : * 1 )ial?zecl 
1 bovine 250 pg lac- 5% 
serum talysate 2mg Embryo 
( % ) Xone residue/ml f etuin/ml extract 

I 6 
:< x 
36 
1s 

1 (i 
180 
118 
146 

(pug cell protein/tube) 
114 74 64 
158 92 172 
202 56 178 
224 44 206 

108 82 58 
140 114 136 
138 132 118 
166 146 128 

Inoculum was 80,000 cells/ml. Growth was for 4 

* Basal medium A containing insulin, pyruvate, 
clays at 37°C. 

salniine, oleate and folinic acid. 
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FIG. 2. Growth rates of chick embryo lung culture 
in different media. A. Basal medium A. B. Basal 
medium A plus special additives. C. Basal niediuni 
A plus 5% dialyzed bovine serum and 5% dialyzed 
embryo extract. D. Basal medium A plus special 
additives and 5% dialyzed bovine serum. E. Basal 
medium A plus special additives, 570 dialyzed 110- 
vine serum, 5% dialyzed embryo extract, 110 lae- 

talysate residue. 

concentrations for maximal growth rates un- 
der in vitro conditions. Pyruvate promotes 
growth of isolated Walker carcinosarcoma 
256 cells( 10) and cells in serumless media 
(7). Oleate and folinic acid did not signifi- 
cantly stimulate growth presumably due to 
their presence in the serum or to metabolic 
capacities of the cells. Lactalysate appar- 
ently not only provided additional growth 
factor (s) as indicated by stimulation either 
in presence or absence of serum, but it also 
functioned specifically to overcome severe 
toxic effects of serum. Embryo extract, too, 
was highly effective in preventing serum toxi- 
city which may account in part for the re- 
quirement for this material. Toxic fractions 
have been prepared from serum by Cohn frac- 
tionation procedures ( 1 1 ) . Fetal calf serum 
was observed to be non-toxic although its 
growth-supporting potential was inferior to 
other bovine serum. 

Conceivably, unusual specimens of serum 
from more mature animals but containing 
maximal concentrations of sticking factors 
and other stimulatory substances and mini- 
mal toxic substances would support satisfac- 
tory growth of avian cells in absence of em- 

bryo extract, lactalysate or derivatives. Har- 
ris and Kutsky grew cultures of chick myo- 
blasts which required both serum and nucleo- 
protein prepared from embryo extract ( 5 ) .  
Subsequently, Harris grew myoblasts in a 
specimen of serum to which the addition of 
embryo extract or nucleoprotein was unnec- 
essary ( 12 ) . He further demonstrated a re- 
quirement for the dialyzable portion of the 
serum or for Bacto-peptone. In  the present 
studies the sera tested with the exception of 
fetal calf serum, whether of chicken or bo- 
vine origin, whole or dialyzed, supported sat- 
isfactory growth of the chick lung or heart 
cells only in presence of embryo extract, lac- 
talysate or its derivatives. Serum dialysates 
were not found to be active. Limited growth 
could be obtained without embryo extract or 
lactalysate factor (s) by employment of 
large inocula (300,00O/rnl), perhaps due to 
conditioning of the medium. Proteose-pep- 
tones were found to be highly stimulatory as 
substitutes for embryo extract for growth of 
explants in plasma clots( 13) .  An anti-toxic 
action was not ascribed to such materials. 
Although in the present studies the activity 
of lactalysate was concentrated in the non- 
dialyzable portion, the capacity of the lac- 
talysate residue to stimulate growth and to 
overcome toxicity of serum was not destroyed 
by acid hydrolysis. Evidently the active fac- 
tor(s j was not peptone in character. 

Summary. Salmine, pyruvate, insulin and 
lactalysate or its derivatives have been shown 
to replace partially requirements of avian 
cell cultures for serum and embryo extract. 
In addition to these factors, however, serum 
was required for growth comparable to that 
attained in the basal medium containing both 
serum and embryo extract. A function of lac- 
talysate and embryo extract was inhibition 
of a toxic effect of serum. The stimulatory 
and “anti-toxic’’ effects of lactalysate were 
confined largely to the non-dialyzable portion. 
Kevertheless, the activity of acid hydrolysates 
of the lactalysate residue demonstrated that 
these properties were not dependent on a pro- 
teose or peptone. 

CZ’e wish to acknowledge the excellent technical as- 
sistance of Miss Joan L. Molowski. 
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Racial Variations in Sweat Gland Distribution. (26501) 

~ K O H  K;AWAHATA* . ~ N D  THOMAS ?LI~.ws (Introduced by L. D. Carlson) 
Dept. of Plt!siology atid Biophysics, L-riiversit! of Washington School of Medicine, Seattle 

Ogata( 1 )  reported the esistence of both 
active and inactive sweat glands in man. A1- 
though no difference between these 2 types of 
glands is seen histologically, only the active 
glands appear to be stimulated to secretion by 
either pharmacological agents or thermal 
stress. Because the number of sites of secre- 
tions was used as an index of the number of 
sweat glands, the data reported here are as- 
sumed to be applicable to only the active 
sweat glands, by Ogata’s distinction. 

In  Japanese subject!: Kawahata ( 2  ) showed 
that the number of sweat glands is smaller at 
birth than a t  2 years of age! and suggested 
that initially inactive glands may be recruited 
into use during the first years of life. In sup- 
port of this suggested environmental influence 
on eventual number of sweat glands, he sub- 
sequently demonstrated that Japanese born 
and living in tropical areas have a greater 
number, and consequently a greater density 
of sweat glands than members of the same 
racial group inhabiting temperate zones. 
Seemingly further weight is added to these 
suggestions by Kawahata’s finding that Cau- 
casian (Russian) subjects living in northern 
Manchuria have fewer active sweat glands. 
despite larger average body size, than do Jap- 
anese from temperate climates. In making the 

* Current address: School of Med., Mie Prefecture 
University, Torii-cho, Tsu, Japac. 

latter comparison, however, Kawahata noted 
that possible racial difierences might have in- 
tluenced these data. Kawahata and Saka- 
moto(3) have shown that Ainos in Hokkaido, 
Japan, have fewer sweat glands than do Jap- 
anese inhabiting the same island. Both fac- 
tors modifying sweat gland distribution, racial 
and environmental, merit additional study. 

Xethods.  The subjects sampled consisted 
of male Negroes and male and female Cau- 
casians and Eskimos. The Negro subjects 
were born and lived in the midwestern United 
States. The origins of the Caucasian group 
were varied as shown in Table 11. The Es- 
kimo group was sampled in their native vil- 
lage (Anaktuvak Pass) in the Brooks moun- 
tain range in interior Alaska. The ages of 
all subjects are reported with the observed 
sweat gland data in Tables I to 111. 

Sweat gland measurements were made in 
heated chambers maintained at 4lo-42OC 
after the subject had been in the room for 3@ 
50 minutes and was sweating maximally. 
Sweat glands were counted by Jurgensen’s 
method as modified by Kawahata(2). This 
met hod consists of counting under magnifica- 
tion (lox) the sites of sweat secretion on the 
skin surface covered with tinted cedar oil. 
The secretion sites corresponding to the 
openings of the underlying glands are counted 
within a 0.09 cm2 area stamped onto the skin 


