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Bovine Amniotic Fluid as Tissue Culture Medium in Cultivation of 
Poliomyelitis and Other Viruses.* (20035) 

JOHN F. ENDERS. 
From the Research Dhisdon of Infectious Diseases, the Children’s Medical Center and Department 

of Bacteriology and Inanzunology, Harvard Medical School, Boston, Mass. 

Following the demonstration ( 1 ) that polio- 
myelitis virus could be propagated in vitro in 
cultures of human extraneural ‘tissues a variety 
of cell types both of human and simian origin 
and of media for the support of these cells have 
been used by different investigators( 2-8). In  
this laboratory human tissues have been large- 
ly employed and experiments have been con- 
tinued with the purpose of developing more 
convenient and satisfactory procedures for the 
preparation and maintenance of large numbers 
of roller tube cultures. In  particular we have 
been interested in tissues such as uterus that 
may be obtained in any large hospital as a by- 
product of surgical operation. Cultures of 
mature tissues have for some time been main- 
tained with a medium consisting of balanced 
salt solution, ox serum ultrafiltrate, normal 
horse serum and beef embryo extract(9). In  
an attempt to reduce the number of constit- 
uents of this medium and with the hope of 
improving the growth of cells and of virus 
bovine amniotic fluid was substituted for the 
balanced salt solution and serum ultrafiltrate. 
The results of experiments will be briefly pre- 
sented in which cell outgrowth and viral multi- 
plication in these two kinds of medium were 
compared. 

ilf aterials and methods. The technics and 
materials adopted previously for the cultiva- 
tion of mature human tissues in roller tubes 
have been described elsewhere (9).  Bovine 
amniotic fluid was withdrawn from the 
amniotic sac in the following manner. The 
gravid uterus was removed in toto at  the ab- 
batoir and conveyed to the laboratory within 
2 to 3 hours. I t  was suspended from a support 
by a cord. After cleansing and drying the 
entire surface of the organ, an appropriate 
site near the embryo and close to the de- 
pendent area was selected and lightly cauter- 
ized with a free flame. Taking care to avoid 

*Aided by a grant from The National Founda- 
tion for Infantile Paralysis. 

piercing the embryo, a special trochar (bore 
1.5 mm, length 22.5 cm)t was then passed 
through this portion of the uterine wall into 
the amniotic cavity. The clear fluid which 
usually ran rapidly and freely was collected 
in sterile flasks. The yield of fluid varied from 
about 0.5 to 1.5 liters depending upon the size 
of the embryo. Occasionally fluids were con- 
taminated with blood, presumably because of 
injury to the embryo by the trochar. These 
were not used for the preparation of culture 
medium. Embryos about 7.5 to 25 cm in 
length were selected. After withdrawal of the 
fluid the embryo was removed under aseptic 
precautions and its tissues employed for the 
preparation of embryonic extract (9). To the 
fluid withdrawn from each embryo sufficient 
penicillin and streptomycin were added to 
yield a final concentration of 50 units and 50 
micrograms respectively per ml. Portions of 
the fluid (0.1 ml) were then added to thiogly- 
collate broth and incubated for 48 hours to 
determine the presence or absence of bacteria 
insensitive to these antibiotics. In  the mean- 
time the fluids from each embryo were kept 
a t  about 6°C in tightly stoppered flasks. A 
pool was then made of the fluids from several 
embryos. Sufficient stock phenol red solution 
(0.4% ) was added to the pooled fluid to yield 
a final concentration of 0.002 %. The material 
was stored in the ice box. On storage the p H  
of certain batches was found to attain a high 
level (e.g., 8.) This was reduced to 7.5-7.6 
by bbgasing” with a mixture of 570 COz in 
air just before use. 

Expeyimental. E f e c t  of amniotic fluid on 
migration and growth of human cells deriving 
f rom mature uterine and renal tissues and f rom 
embryonic skin-inuscle. In  a number of ex- 
periments the growth of cells from human 
uterine tissue in roller cultures maintained 
with bovine amniotic fluid (BAF) alone or 
with the addition of beef embryonic extract 

t Macalaster Bicknell Co., Cambridge, Mass. 
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TABLE I. Outgrowth in Roller Tube Cultures of Human Uterine Tissue Maintained with 
Various Nedia Contiaining Bovine Amniotic Fluid (Exp. 1). 

Cell outgrowth on indicated day 
of cultivation 

Medium .T 8 11 13 15 Remarks 

B -4 F-1 0 0 * 111 2 3 4 3 Slight retraction of coagulum 
80, HS-2Ot <1 2 2 3 3 Moderate to marked retraction 
YO, BEE-103 ” 3  4 >4 >4 No retraction, cells granular 
iO,HS-20,BEE-10 3 4 >4 >4 >4 Moderate retraction 

Regular med. (no BAF) 2 3  4 3 3 Marked 9 9  

- 
* Bovine amniotic fluid-lOO,yc. 
t Normal horse Berum inactivated at  56’C for yl hr-20y. 
t Beef embryo extraet-lO%. 
0 Regular medium : horse serum-20i%, BEE-10 %, Hanks-Simms’ mixture-70%. 
I 1  Numerals indicate mean outgrowth of cells in 6 Comparable cultures estimated by simple 

inspection and recorded a t  I+, ~j, etc. 

(BEE) has been compared with the cell out- 
growth in the “regular” medium hitherto used 
as routine for uterine tissue prior to inocula- 
tion of virus. The latter consisted of 10% 
BEE, 20% horse serum and 70% of a mixture 
consisting of 3 parts Hanks’ balanced salt 
solution and 1 part bovine serum ultrafiltrate. 
X o  attempt has been made to determine by 
quantitative methods the amount of cell 
growth. A rough estimate that we regarded as 
sufficient for our purposes was obtained, how- 
ever, by comparing in the various culkures a t  
2-day intervals the extent of cell outgrowth, 
its thickness (ie., one or more layers of cells) 
and the frequency of mitotic figures. The 

and >4+. Mean estimates of the outgrowth 
in 4 or 6 comparable cultures were calculated. 
The results of two experiments of this sort are 
summarized in Tables I and 11. In the first 
experiment the medium was removed and re- 
placed at  intervals of 2 or 3 days; in the 
second the medium in one set of 4 cultures was 
removed and replaced at  these intervals while 
in another set of 4 comparable cultures it was 
changed every 4 days. 

The data of the first experiment indicate 
that BAF alone provides a medium in which 
certain cells of a tissue derived from a mature 
human being (age 40 years) not only survive 
but migrate from the original fragment and 
appear to increase considerably in numbers. 
These observations strongly suggest that the 
amniotic fluid not only provides a physiologic 
medium but contains a growth-stimulating 
factor or factors. I t  is evident, however, that 
BAF alone is incapable of inducing optimal 

growth was thus evaluated as 1+ . . . . 4+ 

cell growth since the addition of BEE and 
horse serum leads to greatly increased pro- 
liferation as indicated not only by the greater 
area and thickness of the zone of migrating 
cells but by the presence of large numbers of 
mitotic figures. When either BEE or horse 
serum is added to BAF, cell growth is en- 
hanced, although BEE appears to be some- 
what more effective. If employed without 
horse serum BEE favors the formation of 
granules in the cytoplasm. Accordingly it has 
seemed desirable to include horse serum as 
well in a medium for use as routine, since 
horse serum inhibits granulation when both 
these constituents are present in BAF. The 
cell growth in this medium was definitely more 
luxuriant than tha’t observed in the so-called 
“regular” medium. Moreover, the cells 
nourished with the mixture containing BAF 
appeared to be in a more active condition as 
indicated by their larger size and the greater 
number of mitotic figures. 

Although some retraction of the coagulum 
was noted in cultures containing BAF when 
horse serum was included, this did not seem 
to be so extensive as in those maintained with 
the regular medium. In this respect also the 
BAF appears to be an advantageous substitute 
for the balanced salt-serum ultrafiltrate mix- 
ture. Another useful property of BAF con- 
sists in the efficiency of its buffering action 
which is capable of preventing the pH from 
falling below 6.9-7 during a period of several 
days in actively growing cultures containing 
large amounts of tissue. The buffering action 
of BAF, therefore, is definitely more effective 
than that of the balanced salt solution-serum 



102 AMNIOTIC FLUID AS CULTURE ~ I E D I U M  

T.\13LE TI. Outgi~owth i n  Eoller Tube Cultures of H ~ i i ~ t i i  Uterine Tissue Maintained wit11 T-ii1.ious 
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FOI. t .~l~l:iiiution of abbrel-iations see Table I. 

Fluitl. of cultures maintained vi th  same medium but changed Jfondays and  Fridays. 
t Flui(1.; of 4 cultures changed Mondays, Wediiesclays and Fridq-s. 

\\ Siiiiiri.;tl.; iiidicate mean oiitgrr)n-tli of cclls in  4 coinpa1.:1ble cultures estiinated 11y siinple inspec- 
t i o i i  ;iii11 I c.c.ciiilt>,l ;is 1+, 2+,  etc. 

ultrafiltrate mixture. This property has per- 
mitted us to replace BAF medium in such 
cultures at  intervals of 4 instead of 2 days 
as is necessary to maintain the pH above 
neutrality when the regular medium is em- 
ployed. Thus. as the data included in Table 
I1 show, cultures nourished with BAF. BEE 
and horse serum and in which the medium is 
changed only a t  the longer interval exhibited 
continuing growth of cells which was essen- 
tially as lusuriant as that observed in cultures 
changed every 2 or 3 days. When large 
numbers of cultures are required, the saving 
in labor and materials achieved by adopting 
the 4-day interval for change of medium is 
considerable. In  the presence of RL4F varia- 
tion in the quantities of horse serum and BEE 
within the range that has been studied has 
effected little or no discernible difference in 
cell growth as shown in Table 11. ITe have: 
therefore. now adopted more or less arbitrarily 
but with consideration of economy of materials 

in mind a medium for routine purposes con- 
sisting of 5% BEE, 5% normal horse serum 
and 90% BAF. This medium has afforded 
consistently good growth not only of cells 
derived from human uterine tissue but also 
those from human kidney and prepucial tissues 
removed a t  operation and from a variety of 
tissues of the human embryo which include 
skin and muscle, liver, amniotic sac and um- 
bilical cord (from embryos of 2-3 months 
gestation). 

Multiplication of poliomyelitis virus in cul- 
tures waintained with BAF in the mediung. 
Considerable experience has now been gained 
in the propagation of poliomyelitis viruses in 
cultures of various human tissues maintained 
with media containing BAF. The concentra- 
tions of virus developing in such cultures have 
equaled or exceeded those found in comparable 
cultures nourished with “regular” medium. 
Furthermore, the capacity of cultures main- 
tained with BAF medium to support multipli- 
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TABLE 111. Assay of Brunhilde Virus Grown in  Roller Tube Cultures of Human Uterus 
Maintained with BBF and Regular Media and Titrated in Cultures Maintained with These 

Xedia. 

Medium in 
cultuyes for .------Dilution of virus inoeulated-, 

Source of virus t itration 10-1 1 0 - 2  i c ~  10-4 10-5 

BL4F culture* B9FS 1/1II 2/2 S/8  2/2 0/2 
Reg. med. culturet ESF 1/1 l / 2  l / 2  0 / 2  0/2 

- - - _I__ ~ _____-____l__l 

BSF culture Reg.m.9 1/2 2/3 2/2 0/2 0/2 
Reg. med. culture Reg. in. 1/1 @/2 l/27i Or2 0/2 

-______ - - _____I_ - 1111--- 

- Pooled virus derived from 2 cultures of human uterine tissue maintained with BAF-85, 

t Pooled virus delrived from 3 similar cultures maintained with Hanks-Simms’ sol. 85: HS-5, 

$ Cultures of human uterine tissue used for titration and maintained with medium mentioned 

5 Cultures of human utcrine tissue used for titration and niaintained with medium mentioned 

~ Suinerator : cultures exhibiting cell degeneration vithin 1U days following inoculation. 

Cytopathogenie effect not  el-iclent until 9th day after iiloculation; in all other cases this 

MY-5. BEE-10 and each inoculated %vith 10  IDs0 (tissue culture infecting doses). 

EEE-10 and each inoculated with 10 ID50. 

in footnote 1. 

in footnote 2. 

Denoniinator : cultures inoculated. 

v a b  a p p r e n t  within 5 clays. 

cation of the virus following the introduction 
of minimal inocula has usually exceeded that 
of cultures with the regular medium. Illus- 
trative data are presented in Table I11 which 
summarizes the results of an experiment in 
which the Brunhilde strain was first propa- 
gated in each of 2 cultures maintained re- 
spectively with the 2 kinds of medium. The 
i-irus suspensions thus produced were then 
titrated in ~ i t r o ( 3 , 9 ) .  I t  is apparent that in 
cultures with BAF medium the yield of virus 
as well as the end point of viral activity as 
denoted by cell degeneration were higher by 
a factor of about 10. I t  should be pointed 
out  in respect to this experiment that some- 
what higher yields of virus have frequently 
been achieved with the regular medium (9). 
However. in subsequent experiments with 
RA4F medium evidence has been obtained that 
more virus developed than had previously 
been found in cultures maintained with the 
regular medium. The greater sensitivity of 
the cultures maintained with RAF in re- 
spect to the detection of small quantities 
of virus has also been apparent when the 
inocula have consisted of suspensions of feces 
from patients with poliomyelitis. In experi- 
ments with such materials carried out by Dr. 
Sidney Kibrick in this laboratory roller tube 
cultures supported with BAF medium were 
found to reveal the presence of approximately 
1110th the quantity of virus detectable by 

cultures containing “regular” medium. More- 
over, in a reexamination of 24 10% stool SUS- 
pensions from 24 patients from which no virus 
had previously been isolated in cultures main- 
tained with regular medium, 5 agents were 
revealed through the use of cultures in which 
BAF medium was employed. 

Multiplication of other viruses. Other 
viruses that include herpes simplex, the Boston 
strain of Coxsackie virus which displays cyto- 
pathogenic properties( 10, l l )  and four agents 
isolated from fecal material which do not ap- 
pear to belong to any of the known agents of 
this class (4) have been successfully propa- 
gated in cultures with BAF medium. These 
viruses as well as those of the poliomyelitis 
group have induced their cytopathogenic 
effects more clearly and promptly in cells 
growing in a mixture consisting of 90% BAF, 
5% BEE and 5% horse serum. 

Eflect of BAF medium in cultures used for 
virus neutralization tests. Because of the 
possibility that BAF might in some way inter- 
fere with the neutralization of virus by specific 
antibody in vitro virus neutralization tests 
were done in parallel using cultures maintained 
respectively with the two types of medium. 
Three specimens of serum from a patient with 
poliomyelitis taken at  various periods after 
the onset were tested. The results presented 
in Table IV suggest no interference by BAF 
with the action of antibody which was shown 
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TABLE IT. Seutralizatioii of Brunhilde Virus by Serum of a Poliomyelitis Patient in Roiier 
Tube Cultures of Human Vterine Tissue Maintainccl with B,4F and Regular Xedia. 

Serum of 3Ttdiuiii 
liulio patient used in tvht ----------Fiml sei'iini clilution 

Iramn* cultures 1/85 1/16 1/82 1,'N 1,428 1/4.3tj 

* Specimens of serum obtaiiicd 011 dates noted froin patient with paralytic poliomyelitis. 
Type I virus (Brunhilde) was isolated from feces of this patient during acute phase of diseaw. 

t BAF = medium consisting of  57' horse serum, 10% beef embryo extract, 85% boviine 
aniniotic fluid. 

$ Reg. = medium of 5% horse serum, 1 0 %  beef eiiibrpo extract, 85% Hanks-Simnis' sol. 
5 .1 nil of a mixture of diluted serum and virus aclcled to each culture. 100 ID,, of Brun- 

! Suiiwrator : cultures exhibiting cell degeneration withiii 10 days after inoculation. De- 

S D  = not done. 

hilde tissue culture virus employed in each instance. 

iiomiiintor: cultures inoculated. 

to increase in concentration with passage of 
time, 

The results presented here as 
well as much additional experience recently 
gained make it clear that BAF forms an excel- 
lent basis of a medium. when enriched by the 
addition of other materials, for the propaga- 
tion in ~li tro of certain human cells. This find- 
ing is oi \-alue from the utilitarian standpoint 
since it  has enabled us to obtain regularly ex- 
cellent cell growth which has been accom- 
panied b5- increase in the yield of poliomyelitis 
viruses as well as in the capacity of the tissue 
culture to reveal the presence of small quanti- 
ties of these agents. 

The observation that BAF alone without the 
addition of other factors promoting cell growth 
leads to a more restrained migration and pro- 
liferation of tissue cells is perhaps of general 
biologic interest. So far as we are aware the 
physiologic role of amniotic fluid has not been 
satisfactorily elucidated except that it may 
protect the embryo against injury induced,by 
mechanical means. Although something is 
known concerning the chemical nature of the 
simpler constituents of the fluid( 12-13), little 
or nothing has been recorded in respect to its 
possible content of certain biologically active 
entities such as vitamins, hormones or growth- 
promoting factors. The evidence for the pres- 
ence of the latter which our investigation has 
afforded would seem to encourage attempts to 

Disczrssioiz. 

define more exactly the biochemical proper- 
ties of this interesting material. I t  is possible 
that the results of such studies might lead to 
the hypothesis that the amniotic fluid may 
represent a t  least one source whence the cells 
of the early embryo before the vascular sys- 
tem is established derive the materials for 
their maintenance and growth. 

Summary. Bovine amniotic fluid induced 
active cell growth when substituted for bal- 
anced salt solution and bovine serum ultrafil- 
trate in a medium used for the cultivation oi 
embryonic and mature human tissues in roller 
tube cultures. The growth was more luxuriant 
than that observed in comparable cultures 
maintained with the balanced salt mixture. 
Moreover, superior yields of poliomyelitis 
viruses have been obtained in cultures nour- 
ished with bovine amniotic fluid as a con- 
stituent of the medium and in such cultures 
the minimal infecting dose of these agents has 
also proved to be smaller. Bovine amniotic 
fluid does not interfere with the neutralization 
of poliomyelitis virus by specific antibody. 
Through the use of bovine amniotic fluid the 
labor and expense involved in the preparation 
and maintenance of tissue cultures applied to 
the propagation of poliomyelitis virus and 
certain other agents of this class have been 
reduced. 

1. Enders, J .  F.! Weller, T. H., and Robbins, F. C., 
Science, 1919, v109, 85. 



ELECTROLYTE BALANCE STUDIES WITH CORTISONE 10s 

2 .  WeIIer, T. H., Robbins, F. C., and Enders, J. F., 

3 .  Robbin,s, F. C., Enders, J. F., and Weller, T. H., 
PROC. SOC. EXP. BIOL. AND Mm., 1950, v75, 370. 

4. Robbins, F. C., Enders, J. F., Weller, T. H., 
a i d  Florentino, G. L., Am. J .  Hyg., 1951, v54, 286. 

5 .  Smith, W. M., Chambers, V. C., and Evans, 
C .  -\,, PROC. SOC. EXP. BIOL. AND MED., 1951, v76, 
696. 

6. Ledinko, K., Riordan, J. T., and Melnick, J. L., 

7. 'l'ounger, J. S., Ward, E. N., and Salk, J. E., 

S. Syverton, J. T., and Scherer, W. F., J .  Ex#. 

PROC. SOC. EXP. BIOL. AND MED., 1949, V 7 2 ,  153. 

P R O C .  SOC. EXP. BIOL. AND MED., 1951, ~ 7 8 ,  83. 

A t i t .  J .  Hyg., 1952, v55, 301. 

Med., 1952. vQ6, 3 5 5 .  
9. Robbins, F. C., Weller, T. H., and Enders, J .  F., 

J .  Inzmzinol., 1952, v69, 673. 
10. Contreras, G., Barnett, V. H.. and Melnick, 

J. L., J .  ~ ~ 1 2 1 1 z 1 ~ ~ 1 0 1 . ,  193'2, v69, 1952. 
11. Wcller, T. H., Robbins, F. C., and Stoddard. 

M. B., Fed.  Proc., 1952, v l l ,  486. 
1 2 .  Makepeace, A. W., Smith, F. F., Daily. S. E., 

and Carroll, M. P., Szag. Gyn. and Obstet., 1931, 
vS3, 633'. 

13. Needham, J., Chemical Embryology, MacmiiLn 
and Co., and Cambridge Press, 1931. 

Received December 17, 1952. P.S.E.B.M., 1453, v32, 

Effects of Cortisone Acetate on Fluid and Electrolyte Balance in 
Normal Rabbits.* (20036) 

JERRY K. AIKAWA.~ (With the technical assistance of Eloise L. Rhoades.) 
From the Department of Internal Medicine, Bowman Gray School of Medicine of Wake Forvsl 

College, Winston-Salem, N .  C .  

Although the effects of cortisone on the 
metabolism of sodium, potassium and water 
have been extensively investigated in diseased 
man and in the normal rat and dog( 1-4) 
comparable data in the rabbit are lacking. 
Most studies in immunology, however, have 
been performed in the latter species of animal. 
Because of the variability in the response of 
different species to drugs, a study of the ef- 
fects of cortisone on fluid and electrolyte 
metabolism in the rabbit appeared to be 
desirable. 

Recent studies have suggested that immune 
reactions in the rabbit might be associated 
with alterations in the distribution of body 
fluid and electrolytes, and that the adrenal 
gland may be involved in these changes ( 5,6). 
Before the role played by the adrenal gland 

~~ ~ 
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in the phenomena of immuno-physiologl- can 
be interpreted, it is first necessary to deter- 
mine the effects of adrenal hormones in nor- 
mal animals. The availability of radioactive 
potassium ( K42) has made possible the direct 
measurement of the exchangeable potassium 
content in intact animals. The purpose of 
the present study was to determine the effects 
of two different dosages of cortisone acetate 
on sodium, potassium, and water metabolisni 
in normal rabbits. 

Materials and methods.  Fourteen normal 
adult male rabbits of mixed breeds were used. 
They were kept in individual metabolism 
cages and were fed a stock diet of compressed 
pellets. Tap water was given without re- 
striction. In  order to acclimate the animals 
to their new environment, they were placed 
in the cages one week prior to the initiation 
of the baseline studies. Procedure. Two 
groups of 7 rabbits were used. Esternal 
balance studies of sodium and potassium were 
performed daily for 4 weeks in Group 1 and 
for 5 weeks in Group 2. Direct measurenient 
of the exchangeable potassium content ( Ke) 
was made with K42 a t  weekly intervals. 
During the first week, baseline studies were 
done on each group. Starting on the 8th day 


