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Propagati,on of Conjunctival and HeLa Cells in Various Carbohydrate 
Media.* (23471) 

R. SHIHMA?; CHAKG AKD ROBERT P. GEYEK (Introduced by John C. Snyder) 
Depart i u e i z t ~ \  of .If icrohiology ( i n n  S i i t r i t i o i z ,  Htrrvard School of Pziblic Health, Boston 

Establishment of epithelial-like cells in con- 
tinuous culture from human tissues has made 
available a more effective system for the study 
of metabolism of human cells in vitro than 
the previously used tissue explant method. 
Under controlled experimental conditions, 
using media of relatively well defined com- 
position, these established cells may be main- 
tained in a state of active multiplication and 
the rate of multiplication can be measured 
quite accurately. This report deals with 
propagation of these human cells in the pres- 
ence of certain individual carbohydrates. 

Materials and incthod. Huinan cells. Con- 
junctival ( 1 ) and HeLa cells ( 2  ) were used as 
representative cell lines. the former derived 
from normal and the latter from malignant 
human tissues. Stock cultures were propa- 
gated in 20% inactivated human serum di- 
luted in Eagle’s basal medium( 3 ) .  Cultures 
were checked a t  regular intervals. and also 
during each critical experiment. to assure 
freedom from contamination by pleuro-pneu- 
monia-like organism (4 )  and bacteria. Media.  
Basal carbohydrate-free medium consisted of 
10% dialyzed serum in a modified Eagle’s 
basal medium; the modifications consisted of 
elimination of glucose, addition of meso-inosi- 
to1 to final concentration of 10 to 20 micro- 
molar: and the substitution of Earle’s bal- 
anced salt solution by Hanks’. Carbohy- 
drates being tested were added to this medium 
to final concentrations of 5 mM. Sera were 
collected and stored a t  -60°C as described 
( 5 ) .  Dialyzed serum was prepared by 
dialysis of about 100 ml serum containing 
about 100,000 units of penicillin and 10 mg 
of streptomycin against 10 changes of 0.85% 
NaCl of 1 liter each at about 2°C for 48 hours. 
Sera so dialyzed were negative for glucose by 
the glucose oxidase test. Glucose oxidase 
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tcst. The enzyme paper stick method (6) was 
used, and the final reading was made exactly 
t minute after application of test solution. 
‘The minimum concentration of glucose which 
gives a positive reaction is about 0.05 mM 
(0.5 to 1 .O mg per 100 ml). Carbohydrates.+ 
Included in the present study were soluble 
starch, glycogen, maltose, sucrose, lactose, d- 
fructose, d (  +)galactose, 1 (  +)rhamnose, 1 
(-)fucose. 1(-)sorbose, d-ribose, d (  +)xy- 
lose, 1 (-) xylose, d (-) lyxose, 1 ( + ) arabinose, 
t i  ( -) arabinose, d-2-deoxyribose, i-erythritol, 
dihydroxyacetone, sodium pyruvate and so- 
dium lactate. When tested for presence of 
glucose as impurity by the glucose oxidase 
test. the following results expressed in terms 
of highest concentration giving a negative test 
were obtained: Starch: 0.02 31, glycogen1 0.02 
)I, maltose 0.02 >I, lactose 0.3 M, d(+)  gal- 
actose 0.01 &I (this preparation was specified 
as “glucose free”), d-mannose 0.03 M, d (  +) 
sylose 0.5 31 and all others negative a t  satura- 
tion (more than 1 31). Since, as will be 
shown, glucose is effective in supporting cell 
propagation at  0.05 to 0.1 mM, it is essential 
that the glucose present in starch, glycogen, 
maltose, d ( + )  galactose and d-mannose be 
removed. The amount of glucose in lactose 
and d(+)xylose was too small to be of con- 
sequence in the present studies. Tenth molar 
starch and glycogen solutions were dialyzed 
against running water for about 24 hours at 
0-2 O C ; these dialyzed plysaccharide solu- 
tions, after passage through bacterial filters, 
no longer gave positive glucose oxidase tests. 
Naltose, d (+)galactose and d-mannose were 
treated with the enzyme, glucose oxidase 
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t Starch and sodium lactate were purchased from 
Mzllinckrodt Co. ; lactose, maltose and sucrose, from 
Mcrck; d(+)galactose and d( +)xylose, from Pfan- 
stiehl ; d-fructose and d-mannose, from Eastman 
Rodak; and, all the others from Nutritional Bio- 
chem. Corp. 

Concentrations of all polysaccharides were based 
on glucose. 
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(Glucostat, Worthington Biochemical Corp.) ; 
about 150 mg of enzyme were used for each 
10 millimoles of carbohydrate. After aera- 
tion for 3 hours, the enzyme-carbohydrate 
mixture was dialyzed against a small volume 
of sterile water for 16-20 hours at 2°C. The 
amount of carbohydrate present in the dia- 
lysing fluid was determined by dry weight 
analysis; such determinations were performed 
after filtration through an ultrafine glass fil- 
ter. Maltose so treated gave a negative glu- 
cose oxidase test a t  0.8 M concentration, 
galactose at  0.15 M, and d-mannose a t  0.05 
M. This failure to reduce substantially the 
reaction of d-mannose and d ( + )  galactose 
with glucose oxidase may possibly be explained 
by the oxidation of these 2 carbohydrates in 
the presence of this enzyme ( 7 ) .  

Method of evaluation. About 20,000 cells 
suspended in 0.2 ml basal medium were in- 
oculated into a series of 6 to 12 new culture 
tubes, 18 x 150 mm, containing 0.8 ml basal 
medium plus the carbohydrate to be tested. 
After slanting at  36°C for about 20 hours, 
the tubes were placed on a roller drum also 
at  36°C. Media were renewed on the 3rd 
and then on every other day. The number of 
cells/tube was counted, generally on 4th and 
8th day; 2-4 tubes were used a t  each count- 
ing. To facilitate description, this will be re- 
ferred to subsequently as the direct inocula- 
t ion method.  T o  eliminate possible unknown 
factors introduced through tryptic digestion 
and mechanical agitation (both are essential 
steps in the preparation of homogeneous cell 
inoculum) , all carbohydrates incapable of sus- 
taining cell growth by the direct inoculation 
method were further tested by a medium re- 
placement method.  One-half ml of basal me- 
dium containing 0.2 mM glucose and about 
30,000 cells was inoculated into each of a 
large series of culture tubes. On the 3rd day, 
when sheets of polyhedral cells were formed: 
the average number of cells/tube was calcu- 
lated from cell counts in any 4 tubes picked 
a t  random. After 3 successive washings with 
basal carbohydrate-free medium, the nutrient 
medium in remaining tubes was replaced by 
the basal medium plus a carbohydrate to be 
tested; this was then considered as the initial 
day of the test period. Six tubes were gener- 
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FIG. 1. Propagation of conjunctival cells in var- 
ious concentrations of glucose. 

ally used for each carbohydrate. Media were 
renewed every second day. The number of 
cells/tube was determined when definite de- 
generation appeared in the carbohydrate-free 
controls, and, again when degeneration was 
completed. Technical details of a similar 
quantitative study have already been de- 
scribed ( 5) .  In this particular study, reagents 
such as trypsin and antibiotics were dissolved 
in 0.85% NaCl rather than the balanced salt 
solution which contained glucose; the cell in- 
oculum was washed twice in 10 ml carbohy- 
drate-free medium; and, 2 controls, the basal 
carbohydrate-free and the basal plus 5 mM 
glucose, were included in each experiment. 
No attempt was made to evaluate minor dif- 
ferences in growth rate. Adaptive changes 
will be considered in another communication. 

Results.  Cell growth in various concentra- 
tions of glucose. To provide basic data for 
subsequent comparison, multiplication pat- 
terns of the conjunctival cell in medium con- 
taining glucose at final concentrations of 10, 
2, 0.4, 0.1, 0.02, 0.004, and 0.0 mM were 
used. Results are presented in Fig. 1. Simi- 
lar growth curves were obtained in media con- 
taining glucose at  concentrations of 10 and 2 
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TABLE I. Propagat ion of Conjunctival Cells in 

Cc.11~ x 10X/tnl)c on tlir follo\viiig 

tlie Prcseiice of Individual  Cnrbollytlrntcs." 

ys : 
( ' ; I  1'1 ) 0 1  I y 11': I t t i  n 4th 8th 

mM: both showed a lag phase of about 2 
days, followed by logarithmic growth period 
of about 10 days, which terminated in partial 
cell degeneration after a maximum cell popu- 
lation of about 300,000,'tube was reached. At 
0.4 m3I.  partial cell degeneration appeared 
several days earlier when the maximum pop- 
ulation of about 200,000 was attained. At 0.1 
mM, the slope of the logarithmic growth 
phase was less steep and when the cell popu- 
lation was about 100,00O/'tube. partial degen- 
eration became apparent. At 0.02 and 0.004 
m l I  glucose. evidence of cell mu1 tiplication 
and degeneration were present after about the 
3rd day, no logarithmic growth phase was 
observed, and cell populations were main- 
tained a t  approximately 5.000 to 10,000 'tube. 
In the basal carbohydrate-free medium. de- 
generation was completed by the 4th to 7th 
day. Minor variations were observed de- 
pending on the physiological state of cell in- 
oculum, sera used and cell lines tested. These 
variations were in length of the lag phase, 
the maximum population attainable before 
onset of partial degeneration, and the num- 
ber of days in the carbohydrate-free medium 
for completion of degeneration. I t  is there- 
fore essential to compare only results ob- 
tained within a single experiment. 

Both conjunctival and HeLa cells have 
been maintained and subcultivated in the 
basal medium plus glucose at  a concentration 
of 0.1 mhl for 2-3 months. At this low con- 
centration of glucose, the net increase in num- 
ber of cells,/week is significantly lower than 
that in medium containing glucose at  concen- 
tration of 10 mM. XO evidence of partial de- 
generation could be observed when the cell 
population per 1 ml medium did not exceed 
50,OOO. It seemed that the actual rate of 

multiplication of both cells may have been 
reduced appreciably at  this low concentration 
of glucose. 

Cell propagation in carbohydrate other 
than glucose. Results for the conjunctival 
cells by the direct inoculation method are 
presented in Table I. Starch, glycogen, 
maltose, d ( +)galactose, d-fructose and d- 
mannose supported cell multiplication satis- 
factorily; the net increase in the number of 
cells in 8 days in the presence of these car- 
bohydrates was similar to that with glucose 
at  a concentration of 5 mM. Results obtained 
with sucrose were dependent on the dialyzed 
serum used. When tested with 2 dialyzed 
horse sera, results such as those presented in 
'Table I were obtained. However, when 3 in- 
dividual dialyzed human sera were used, su- 
crose failed completely to sustain cell growth. 
Lactose, 1 (-k) rhamnose, 1(-) fucose, 1-sorbose, 
1 ( -) xylose, d ( + ) xylose, d (-) lyxose, d (-) 
arabinose. 1 (+)arabinose, d-2-deoxyribose; 
i-erythritol, dihydroxyacetone, sodium pyru- 
vate and sodium lactate were unable to sup- 
port cell propagation; the results were similar 
to those obtained with d-ribose, which are 
shown in Table I. Essentially similar results 
were obtained with the HeLa cells. Except 
in the case of sucrose, no appreciable differ- 
ence in the results was obtained whether a 
dialyzed horse or a dialyzed human serum 
was used. Those carbohydrates incapable of 
sustaining cell growth were further tested by 
the medium replacement method. Results 
are shown in Table IT. Sodium pyruvate, 
sodium lactate, d-ribose and d (  +)xylose de- 
lzyed the degeneration of both kinds of cells. 
L ( + ) rhamnose, 1 (-) fucose and 1 (-) sorbose 
appeared to retard the degeneration of the 
HeLa cells more effectively than the conjunc- 
tival cells. Lactose, 1 (-) xylose, d (-) lyxose, 
d ( - )  arabinose, 1 (+) arabinose, d-2-deoxyri- 
h e .  i-erythritol and dihydroxyacetone failed 
completely to produce any beneficial effect. 

Carbohydrases in dialyzed serum. The sat- 
isfactory cell propagation in such carbohy- 
drates as starch, glycogen, maltose and su- 
crose may be explained by the existence of 
amylase, maltase and, perhaps, even sucrase 
in the serum. These enzymes would hydro- 
lyze the poly- and di-saccharides into glucose 
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TABLE 11. Degeneratioll of Conjunctival and  HeLa Cells in Certain Selected Carbohydrates. 

Cell X 103/tube on the following days: 
0 4th 8th 20th 

Carbohydrate Corij. HeLa Conj. HeLa Conj. HeLa Conj. HeLa 

Sone  33 26 2 22 0 0 
Glucose 33 26 132 112 217 397 

l (  +) rhaninosc 33 26 2 20 3 7 0 6 
d-2-dcoxvribose 33 26 3 5 0 0 

Pyruvate 33 26 9 14  7 11 5 7 

and fructose, both of which are readily utilized 
by the cells. In several actual determinations, 
we were able to demonstrate positive glucose 
oxidase reaction with dialyzed serum contain- 
ing starch, glycogen, and maltose after incu- 
bation of these serum-carbohydrate mixtures 
a t  37°C for 16-20 hours; 2 individual dia- 
lyzed horse sera and 3 dialyzed human sera 
tested showed the ability of hydrolyzing these 
3 carbohydrates. With sucrose, a positive 
glucose reaction was obtained when incubated 
with the dialyzed horse but not with the 
dialyzed human sera. No glucose was de- 
tected after incubation of lactose with any 
of the 5 dialyzed sera tested. This finding 
corresponded closely with the results of cell 
propagation studies using these dialyzed sera 
and carbohydrates . Satisfactory propagation 
occurred in starch, glycogen and maltose with 
any of the sera, sucrose would support cell 
growth only when dialyzed horse sera were 
used and lactose failed completely to support 
growth with all of the sera. 

Glucose sparing efiect of alanine and pyru- 
vate. In view of the finding that sodium py- 
ruvate was able to delay cell degeneration, the 
addition of this intermediate to medium con- 
taining a low concentration of glucose may 
spare some of the glucose from being oxidized 
as a source of energy, thereby increasing the 
amount of glucose available for synthesis of 
essential cell components. Results of experi- 
ments presented in Table 111 appeared to sup- 
port this hypothesis. The addition of pyru- 
vate and dl-alanine to media containing 0.1 
mM glucose prevented the partial cell degen- 
eration normally occurring between the 10th 
and 18th days. Cell multiplication occurred 
in media containing 0.01 mM glucose when 
pyruvate and alanine were added, while a t  
0.001 mM glucose, the addition of pyruvate 

and alanine delayed the rate of cell degenera- 
tion. 

In an experiment with the conjunctival 
cells, when glucose was substituted by d-man- 
nose or d (+) galactose, both a t  concentra- 
tions of 0.01 mM, satisfactory cell multipli- 
cation was observed in the presence of alanine 
and pyruvate; d-fructose was an effective sub- 
stitute only at  higher concentrations. This 
glucose sparing effect was shown to be due 
largely to pyruvate; alanine without pyruvate 
was completely ineffective; and, pyruvate 
without alanine was not as effective as pyru- 
vate with alanine. 

Discussion. Harris and Kutsky (8) reported 
that glycogen, maltose, d-mannose, d-fructose 
supported vigorous growth of chick heart 
fibroblast, that d-galactose was inhibitory and 
that sucrose, d-ribose and d-xylose were inert. 
Our results with human cells showed that d 
(+)galactose supported cell growth as well 
as glucose and that d-ribose and d-xylose re- 
tarded cell degeneration. Differences in the 
cell system used, the method of quantitation 
and the assay medium may account for some 
of these disagreements. 

The presence of carbohydrases in serum 

TABLE 111. Glucose Sparing Effect of Pyruvate 
and dl-alanirie." 

Medium t Cells X 103/tube on 
following days : 

Glucose Pyruvate Alanine 0 6th 10th 18th 

.1 0 0 14  67 158 38 

.I 5 5 14  64 197 246 

.01 0 0 1 4 3  4 0 

.o 1 5 5 14 9 47 58 

.001 0 0 14  0 0 

.001 5 5 1 4 3  1 0  

* Results obtained with conjunctival cell. Tests 
with HeLa cells gave similar results. 

t Basal carbohydrate-f ree medium with addition 
of glucose, pyruvate and dl-alanine coricentrations 
indicated (expressed in  mM). 
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may be an explanation for the satisfactory cell 
propagation in starch, glycogen, maltose and 
sucrose. as suggested by Harris( 8 ) .  The abil- 
ity of the 2 dialyzed equine sera and the in- 
ability of the 3 human sera to hydrolyze su- 
crose sufficiently to support cell growth tends 
to support this view. 

The difference in the sucrase activities of 
the various individual sera is of interest in 
studies of the nutritional requirement of hu- 
man cells. It illustrates how the results of 
certain studies may be iniluenced by the 
source of serum incorporated into the assay 
medium. Other differences of sera have al- 
ready been described (9 ) .  

1 ) Under the described experi- 
mental conditions. both conjunctival and 
HeLa cells propagated satisfactorily in the 
following individual carbohydrates: starch, 
glycogen. maltose, d-glucose. d-fructose, d- 
mannose and d ( +)galactose. Cell propaga- 
tion in sucrose depended largely on source of 
dialyzed serum. Sodium pyruvate: sodium 
lactate. d-ribose and d (+)xylose were unable 
to support cell multiplication, though cell de- 
generation in the presence of these carbohy- 
drates and intermediates was definitely re- 
tarded. L (  + ) rhamnose. 1 ( - )  fucose and 1- 
sorbose appeared to delay the degeneration of 
the HeLa cells more effectively than that of 
the conjunctival cells. Lactose, 1 (-) xylose, 
d (-) arabinose, 1 (+ ) arabinose, d-2-deoxy- 
ribose, i-erythritol and dihydroxyacetone nei- 

Szi i i t i i imy.  

ther supported growth nor retarded degenera- 
tion. 2 )  Glucose a t  low concentration of 0.1 
mM is capable of supporting cell growth for 
at  least several months. Xet increase in num- 
ber of cells a t  a concentration of 0.1 mM is 
significantly lower than that in 10 mM glu- 
cose. When pyruvate and alanine were added 
to the medium, the concentration of glucose 
could be further reduced to 0.01 mM without 
resulting in cell degeneration. D-mannose 
and d (+)galactose both a t  0.01 mM concen- 
trations, and d-fructose a t  somewhat higher 
concentration, are effective substitutes for 
glucose. 

The authors are  grateful to Dr. J .  C. Snyder for 
hi< interest and suggestions in this work. 
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Effect of Beta-Atninopropionitrile on Incorporation of Glycine by 
Croton Oil Pouches in Rats.* (23472) 
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(Introduced by Harold P. Rusch) 

Departnient of Pat Iaology aizd iMcrlrdle Meinor.ia1 Laboratory, Medical School, University of 
Wisconsin, Madison 

Although several investigators have studied 
the influence of beta-aminopropionitrile (BA- 
PX) on mesodermal tissues. the mechanism 
of the BAPK effect is still not understood. 
Dasler( 1) pointed out that it is tissues which 

* m b  research was supported in  par t  by funds 

are high in collagen that appear to be primar- 
ily affected by the lathyrus factor. and he has 
suggested that lathyrism involves a disturb- 
ance in the metabolism of connective tissue or 
of a connective tissue component. Ponseti 
and Shepard ( 2 )  also concluded that mesen- 
chymal tissues are influenced by the lathyrus from the U. S. Public Health Service. 


