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Extract 

We have developed a randomized, multivariable block design 
for quantitative evaluation of conditions for amniotic fluid 
(AF) cell attachment to culture surface and subsequent growth 
rate. We report the use of this method to determine optimal 
fetal calf serum (FCS) concentration in the culture medium. 
The AF cell growth, in the form of discrete colonies, was 
scored by counting the number of colonies and measuring 
their diameters. A two-way analysis of variance of the 
preliminary experiment data (5-30% FCS) demonstrated a 
.significant difference among AF cells grown at different 
percentages of FCS (P < 0.0005). From a studentized range 
analysis we concluded that 5% FCS is inferior to higher 
percentages. No difference was demonstrated among 15-30% 

FCS. Based on these data, a supplementary experiment was 
planned to compare 10 and 15% FCS. The 15% FCS yielded at 
least 0.31 colonies/ml AF more than did 10% FCS. We 
conclude that 15% FCS is sufficient for AF cell culture using 
our technique. Close agreement of the estimates of standard 
deviation of the preliminary and supplementary experiments 
(7.38 and 7.25) indicates that the assumptions required for 
our experimental design are correct and that our technical 
procedures are highly reproducible. 
A larger series of 76 AF specimens was used to correlate 

patient data with AF cell growth. We have shown that AF cell 
growth is independent of: (1) gestational age between 1 1  and 
24 weeks; (2) maternal age between 14 and 42 years; (3) 
maternal ethnic group. A mean of 6 colonies/ml A F  was 
obtained. 
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Speculation 

Development of highly efficient and reliable procedures for 
culturing AF cells depends upon statistically valid, quantitative 
assessment of all variables surrounding amniocentesis and 
subsequent cell culture. Using a randomized, multivariable 
block design, optimal culture procedures and conditions can 
be established and standardized which result in increased 
culture success rate and decreased time requirement for 
prenatal detection. 

Early in the second trimester of pregnancy, cells of fetal 
origin can be obtained by transabdominal amniocentesis with 
low risk to fetus and mother. It is now possible to determine 
with nearly 100% accuracy fetal chromosomal abnormalities as 
well as more than 50 inherited biochemical disorders (10). 
Growth of cells in culture is required for most of these 
analyses. 

Standard, optimal cell culture procedures are urgently 
needed to provide the reliability and sensitivity essential to 
prenatal diagnosis. Yet there has been very little quantitative 
evaluation of cell culture variables. Although procedures for in 
vitro culture of human diploid cells vary greatly, most 
laboratories are successful in establishing cell cultures. 
Apparently there is a wide range of "acceptable" but not 
necessarily optimal conditions. Cell cultures often are initiated 
from an abundant source of cells. However, a very different 
situation obtains when cells from AF are cultured. At 16 
weeks of gestational age, the cellular content of AF is 
estimated to  be approximately 1.2 X 1 o4 cellslml AF (5). An 
average of 6 colonies/ml AF is observed at  16 weeks 
of gestational age in this laboratory, i.e., 1 cultivable cell (or 
clump of cells) in 2,000. 

Determination of optimal conditions for AF cell culture is 
of crucial importance because of the small numbers of 
cultivable cells and the need for rapid growth due to stringent 
temporal constraints which bind prenatal diagnostic amnio- 
centesis and elective abortion. We have developed a sensitive, 
randomized, multivariable block design to determine optimal 
conditions for cell attachment to culture surface and 
subsequent growth rate. We report the determination of 
optimal fetal calf serum concentration in the culture medium 
and correlations of AF cell growth with gestational age, 
maternal age, and maternal ethnic origin. 

METHODS AND MATERIALS 

AF SPECIMENS 

Eightyeight specimens were obtained by transabdominal 
amniocentesis prior to induction of elective abortion by saline 
injection between 11 and 24 weeks of gestational age. AF was 
sent to us at ambient temperature in sterile, unsiliconized, 
Wheaton glass bottles (16). Eighty AFs were put into culture 
within 8 hr after amniocentesis. Eight AFs were cultured at 
15, 24, or 48 hr after amniocentesis. Those AFs containing 
visible amounts of erythrocytes were not used. 

CULTURE CONDITIONS 

All cells were cultured in 35-mm plastic petri dishes (17), at 
37", in a 14 cubic foot Wedco incubator (18). The incuba- 
tor's atmosphere of 3% COz in air (total gas flow rate, 
4.3 literslmin) produced pH 7.4 in equilibrated AF. Medium 
F10 (19) was adjusted to 20 mM NaHC03 in order to obtain 
pH 7.4 after mixture with FCS (19) and equilibration in the 
incubator. The pH of the medium with FCS, checked weekly, 
was between 7.4 and 7.5 (20). 

EXPERIMENTAL DESIGN 

An "experimental block" is defined as a set ,f culture 
dishes, all of which are inoculated with cells fron the same 
sample of AF and which are assigned to a "treatmt .lt g-oup" 
(e.g., a particular concentration of FCS in the medium). In the 
preliminary equipment, a block comprised 18 dishes: 3 
replicate dishes in each of six treatment groups (5, 10, 15, 20, 
25, and 30% FCS). A block in the supplementary experiment 
contained 6 dishes: 3 replicate dishes in each of two treatment 
groups (1 0 and 15% FCS). 

An AF was used only if its volume was sufficient for one or 
more complete blocks. To initiate a block, 2 ml thoroughly 
mixed AF plus penicillin (100 unitslml) and streptomycin 
(100 pglml) were pipetted into each culture dish. Supple- 
mental nutrients or FCS were not added (4, 7). After 24 * 1 
hr, after cells had attached to the dish bottom, AF was 
replaced with medium F 10 containing designated amounts of 
FCS and antibiotics as above. This range of FCS concentration 
did not change the medium pH more than 0.1 pH unit. On day 
7 the medium was replaced with fresh medium containing the 
assigned percentage of FCS. On day 14 the cells were rinsed 
twice with 0.9% NaCl, fixed for 15 min in absolute methanol, 
and air dried. These dish bottoms were stained for 2 min with 
0.25% toluidine blue in 0.1 M sodium citrate buffer (pH 6.01, 
rinsed in water, air dried, and scored. 

GROWTH ASSAY 

Cellular growth was primarily in the form of discrete 
colonies and was scored blindly by one of two persons who 
counted the number of colonies and measured their diameters 
using a dissecting microscope. A colony was defined as a group 
of more than 50 cells, which were either densely confluent or 
spread sparsely in a monolayer. Scattered cells, defined either 
as groups of 10-50 cells or as areas with <50 cells12 mm 
diameter, were recorded but were not included for analysis, 
because their origin is unclear. The number of scattered cells 
was similar in all FCS concentrations. Clusters of less than 10 
cells were not recorded. 

RESULTS 

PRELIMINARY EFPERIMENT (5-30% FCS) 

An experiment of 17 blocks was performed using 16 
different AF samples. Figure 1 displays the mean number of 
colonies formed (?rSDx) in medium containing 5-30% FCS. 

A standard two-way analysis of variance performed on the 
data demonstrates: (I) a population SD of 7.38; (2) a 
significant difference among the treatment group means (P 
< 0.0005); ( 3 )  a significant difference among blocks, i.e., the 
number of colonies formed within a treatment group varies 
greatly among AF specimens (P < 0.0005). This observation 
emphasizes the need to use a block design for AF cell culture 
experiments. 

The studentized range procedure (9) was used to test for 
significance of differences between all possible pairs of 
treatment means (Table 1). Onesided levels of significance 
were calculated to test whether or not higher concentrations 
of FCS yielded more growth. These analyses can also be 
performed quickly and accurately with studentized range 
graph paper (3). 

Colony diameters ranged between 1 and 14 mm for all FCS 
percentages. The mean size of dense colonies was 4.1 mm in 
5% FCS and 4.8 to 5.0 mm in the higher FCS percentages. The 
mean diameter of sparse colonies was 2.3 mm in 5% FCS and 
2.6 to 2.8 mm in the higher FCS percentages. The distribution 
of colony sizes in 10-3076 FCS was similar, while a larger 
proportion of colonies in 5% FCS was small. 
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CORRELATION OF OTHER VARIABLES WITH NUMBER 
OF COLONIES 

0 0  
5 10 15 20 25 30 

PER CENT FETAL CALF SERUM 
Fig. 1. Mean number of colonies cultured from 6 ml AF (+ SDM) 

at each FCS concentration. The preliminary experiment ( ) con- 
tained 17 experimental blocks, and the supplementary experiment ( o ) 
contained 5 1 experimental blocks. 

Table 1. Preliminary fetal calf serum (FCS) experiment: 
pairwise differences in colonies per 6 ml cultured AF 

analyzed b y  Student-type range procedure' 

FCS, % 

' For example, the 11.83 shows that the mean number of colonies 
per 6 ml amniotic fluid cultured in 10% FCS is 11.83 colonies/6 ml 
greater than the mean number of colonies per 6 ml in 5% FCS. 

Significant at the 0.0005 level of significance. 
3Significant at the 0.10 level of significance using Newman-Keuls' 

modification. 
4Significant at the 0.05 level of significance using Newman-Keuls' 

modification (9) in which the 5% FCS data are excluded from analysis. 
Significant at the 0.05 level of significance. 

SUPPLEMENTARY EXPERIMENT (10% VERSUS 15% FCS) 

The difference between the means for 10 and 15% FCS, 
5.12 colonies/6 ml, was found t o  be significant a t  the 0.10 
level. In order t o  verify this difference a t  the 0.05 level of 
significance, a supplementary experiment was done (1 5). 
Twentyeight  AFs were used t o  obtain 5 1 additional blocks. 
The mean number of colonies per 6 ml A F  obtained with 10% 
FCS was 27.8, and with 15% FCS, 32.1. The population SD 
was 7.25. The t value for comparison of the means was 
significant ( t  = 2.99, P < 0.01). Utilizing a 95%, one-sided 
confidence interval, we conclude that the mean number of 
colonies per 6 ml A F  in 15% FCS was at  least 1.88 greater 
than the mean number of colonies per 6 ml A F  in 10% FCS. 

Data were pooled from 7 6  A F  specimens used in the FCS 
and other block design experiments, all of which fulfilled 
specific "control" conditions: (I) nonbloody A F  obtained 
before saline-induced abortion; (2) A F  cultured in 35-mm 
plastic petri dishes; (3 )  F 1 0  medium with 20% FCS (routine 
medium before completion of FCS study); (4) all AFs 
subjected t o  the same method of initial inoculation and 
subsequent medium changes. 

Cell growth was obtained from every cultured A F  and there 
was n o  bacterial contamination. The number of colonies 
eultured per milliliter AF among the 7 6  specimens ranged 
between 1.3 and 12.8 colonies/ml (SD 2.99). The average 
volume of A F  examined was 7 ml (range, 2-18 ml). By giving 
equal weight t o  the estimates from each A F  specimen, the 
mean was 5.7 colonies/ml A F  ( S 4  0.32). By weighting each 
estimate according t o  the volume of A F  from which it  was 
derived, the mean was 6.0 colonies/ml AF. 

Four variables were tested for correlation with the mean 
number of colonies formed per milliliter AF. 

Gestational Age. Gestational age can be estimated from the 
date of the last menstrual period (LMP) and from fetal 
measurements (1 3 ,  14). Fetal foot length was measured for 2 1 
abortuses and the resultant age estimate was correlated with 
the LMP age estimate (r  = 0.546, P < 0.01). LMP gestational 
age estimates were considered acceptable for examining the 
effect of gestational age on  A F  cell growth. 

Sixty-nine cultures, 11-24 weeks of gestational age, were 
classified by  LMP gestational age and by the mean number of 
colonies per milliliter, AF, into approximately equally sized 
groups t o  facilitate analysis (Table 2). A standard chi square 
goodness of fit test was performed t o  evaluate the hypothesis 
that the mean number of colonies per milliliter A F  is independ- 
ent of gestational age. The chi square value of 6.73 was insig- 
nificant (0.25 < P < 0.50), hence the data were consistent 
with the independence hypothesis. 

A power study (1) of these data, done t o  estimate the 
probability of rejecting a "false" hypothesis, stated: (1) a t  a 
0.1 5 level of significance for the chi square test, there was at  
least a 0.50 power value for detecting an average difference of 
2.0 colonies/ml AF for at  least one of the age groups; (2) 
evaluation of 250 AFs would be required t o  detect an average 
difference of 2.0 colonies/ml AF for at  least one of the age 
groups with a power of 0.90 and a 0.05 level of significance. 

Maternal Age. The AFs were similarly grouped for a test of 
independence between maternal age (14-42 years) and mean 

Table 2. Amniotic fluid (AF)  specimens classified b y  
gestational age and cell growth for chi 

square analysis1 

Mean number of colonies/ml AF 
Gestational 

age, wk 0-3.9 4.0-5.9 5.9-10.0 Total 

Total 20 20 29 6 9 

'The number of AF specimens expected in each class is given in 
parentheses below the observed number. Chi square value = 6.73 with 
0.25 < P < 0.50. 
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number of colonies per milliliter AF. The chi square value was 
5.30 (0.05 < P < 0.70), hence n o  significant difference was 
demonstrated. The power study for this test yielded the same 
statements given above for  gestational age. 

Ethnic Group. Forty-four of the AFs could be classified by 
maternal ethnic group (Negro or  Caucasian) and mean number 
o f  colonies per milliliter AF. A chi square test for  indepen- 
dence gave a value of 3.28 and was not  significant (0.10 < P <  
0.20). Using a 0.05 level of significance, there was at  least a 
0.50 power for detecting an average difference of 2.0 
colonies/ml A F  between the two groups. 

Time Interval between Amniocentesis and Culture. Most 
cultures were initiated within 8 hr and the mean number of 
colonies appeared t o  be unchanged throughout this interval. 
However, AFs processed during the first 3 hr were obtained 
from one hospital where 13-gauge needles were used for 
amniocentesis (group I) .  AFs processed during the 3-8 hr  
interval were obtained from a second hospital where l4gauge  
needles were used, and transported to  us by messenger service 
(group II). The number of colonies per milliliter ranged 
between 1 and 12 in group I (sr.' = 1 1.36), and between 4 and 
9 in group II (sI12 = 2.85). These variance estimates were 
significantly different ( F  = 3.99, P < 0.0005). No interpreta- 
tion is possible because of the three compounding variables. 
This finding emphasizes that all conditions surrounding 
amniocentesis and culture may affect optimal growth of A F  
cells. 

DISCUSSION 

A primary objective of  the FCS experiments was t o  develop 
an experimental design appropriate for evaluating growth of 
A F  cells in  culture. We wished to establish the size of 
experiments needed t o  make statistically valid, quantitative 
statements about effects of cell culture variables. 

We have observed significant variation in number of colonies 
per milliliter A F  among specimens and have found a 
randomized, multivariable block design t o  be most efficient in 
obtaining data for assessing AF cell culture. In this design, all 
experimental manipulations are performed on equal aliquots 
of each A F  used in an experiment. Randomization of each 
procedure which could introduce bias is necessary. The close 
agreement of the SD estimates of the preliminary and 
supplementary experiments indicates that the assumptions 
required for our experimental design are correct and that 
technical procedures are highly reproducible. 

Number and size of colonies are more discriminating and 
more objective measures of culture "success" than subjective 
criteria reported in  the literature, e.g., time to the first cell 
division (12), number of culture failures (1 l ) ,  time required 
for biochemical o r  cytogenetic results (4), and degree of 
confluency (6). None of these criteria documents the number 
of cells attached initially or the  number of  resultant colonies. 
For  example, if we had classified our results as culture success 
o r  failure, we could not  have demonstrated a growth 
difference among 5-30% FCS. 

Our results contradict a study (8) which demonstrated n o  
difference in numbers of colonies (>6 cells) after 7 days of 
culture when A F  cells were grown in 1 part A F  and 1 part 
medium, with a final concentration of 5, 7.5, and 15% FCS. 
The serum components in A F  plus the additional FCS may 
have provided optimal serum concentration. However, AF 
composition is variable and some AFs d o  not sustain cell 
growth when cells from the same A F  can be successfully 
cultured in medium plus FCS (2). 

The factor o r  factors present in FCS which are necessary for 
culturing human diploid cells have not  been defined. It has 
been generally observed that lots of commercially prepared 
FCS differ i n  their growth-promoting properties. We pretest 
each FCS lot b y  comparing the cloning efficiency of a normal 

human diploid cell culture, recently thawed from liquid N2,  in 
medium containing a test lot  of FCS and in medium 
containing the FCS currently in use (control). Five milliliters 
of a cell suspension, prepared as 20  cells/ml in F10  with each 
FCS lot,  is inoculated into each of 10 60-mm diameter culture 
dishes. The culture medium is changed every 3-4 days and 
the resultant colonies are stained and counted at 1 0  days. Six 
lots have recently been tested and analyzed by t test. Two 
were rejected because they supported approximately one-half 
the number of colonies as did the control. 

We have assumed that different, pretested FCS lots have 
similar curves describing number of colonies versus FCS 
concentration. One FCS lot was used for the preliminary, and 
a second for the supplementary experiment. The difference 
between 1 0  and 15% FCS is similar in each experiment. The 
two means a t  10% are significantly different (P < 0.0001) and 
the two means at  15% are significantly different (P < 0.0001), 
which demonstrates differences in growthsupporting proper- 
ties between FCS lots. 

The concentration of total cells and "viable" cells increases 
approximately 60-fold between 11 and 24  weeks of gestational 
age (5). We have demonstrated that the  number of colonies 
formed per milliliter A F  is independent of gestational age 
within this range, and thus is not an important factor in timing 
an amniocentesis for prenatal diagnostic cell culture. Dye 
exclusion "viability" is not a reliable indicator of A F  culture 
success. 

Refinements now being added t o  this experimental design 
allow evaluation of frequency of attachment and rates of early 
cell division for different morphological A F  cell types. These 
procedures should yield a more complete assessment of the 
effect of culture variables. 

SUMMARY 

The number of colonies obtained by culturing undiluted A F  
cells can be a sensitive and reliable measure of A F  culture 
success. A randomized, multivariable block design is most 
efficient, since there is significant variation in numbers of 
colonies cultured per milliliter of A F  among specimens. 
Efficiency is further increased by determining, from a 
preliminary experiment, the number of blocks required for 
formulation of meaningful statistical statements. Comparison 
of our preliminary and supplementary experiments docu- 
mented that we have made valid experimental assumptions and 
that our technical procedures are reproducible. 

In demonstrating this design, we have shown that 15% FCS 
in F10  medium supports optimal cell growth. Examination of 
76 A F  cultures has documented that A F  cell growth is 
independent of gestational age, maternal age, and maternal 
ethnic origin. 
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Extract 

The formation of disaturated lecithin in lung slices obtained 
from adult rabbit was studied. Radioactive precursors of the 
known biosynthetic pathways of lecithin were used. 

Cytidine diphospho-(methyl-' C)choline (CDP-(' C)cho- 
line) was the marker of the choline incorporation pathway. 
The label rapidly appeared in lecithins and subsequently in 
lysolecithin. As a function of time, the ratio of label in 
disaturated to total lecithin increased significantly. When the 
slices were preincubated with the radioactive precursor and 
then with excess nonradioactive precursor, the fraction of 
total lecithin radioactivity associated with disaturated species 
increased from 14.2 to 24.0% in 120 min. 

Lecithin labeled with (1(3)-~ H)glycerol and (1-"C)palmitic 
acid and containing a high percentage of unsaturated fatty 
acids was incubated with lung slices. After 1 hr, the ratio of 
14c label in disaturated to total lecithin nearly doubled, and 
14c and 3~ in disaturated lecithin increased by 58% and 21%, 
respectively. 

After 60 min of incubation of liver slices with 1-acyl-2-lyso- 

lecithin labeled with $1 (3)J ~ ) ~ l ~ c e r o l  and (I-' ~ ) ~ a l m i t i c  
acid, the ratio of the H label in lecithin to lysolecithin was 
2.0. In disaturated lecithin the ratio of 'H to 14C radioactivity 
was less than half of that in lysolecithin, and 61% of l 4  c 
radioactivity was associated with fatty acid esterified to 
position 2. 

Using S-adenosyl (methyl-3H)methionine or phosphatidyl- 
ethanolamine labeled with (1(3)-3~)glycerol and (1-l4c)- 
palmitic acid as precursors, the radioactivity appeared rapidly 
and almost exclusively in unsaturated lecithins and reached a 
maximum after 60 min of incubation. Thereafter the specific 
activity of lecithin fell to half of its maximal value within 90 
min. Lysolecithin became heavily labeled. 

The data suggest that in lung slices obtained from adult 
rabbit a modification of the lecithin fatty acids takes place. 
Hydrolysis of an unsaturated fatty acid esterified to position 2 
is followed by reacylation with a saturated fatty acid, possibly 
by a transacylation reaction from position 1 of another 
1-acyl-2-lysolecithin molecule, to form disaturated lecithin. 
The choline incorporation pathway of de novo formation of 
lecithin appears to combine with such a lysolecithin "loop" to 
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