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Abstract-Prednisolone inhibited growth in monolayer cultures of human liver cells 
(Chang), mouse fibroblasts (L cells) and human cancer cells (HeLa). In the case of the 
Chang cells and the L cells the inhibition was proportional with the logarithm to the 
concentration of prednisolone as well as of the mineralocorticoid, aldosterone, which was 
included for comparison. 

At the lowest concentration tested (0.25 PM) the Chang cells were found to be the 
most sensitive cell type. The inhibition by prednisolone was exerted primarily during 
the first 10 hr of incubation and was associated with a marked temporary enhancement 
of glucose utilization and lactate production. No significant changes occurred in cell 
morphology or in the cellular content of DNA, RNA and protein. 

After exposure for 24 hr to 25 FM of prednisolone the liver cells appeared to be 
insensitive to the growth i~ibiting action of higher prednisolone concentrations. 
However, a renewed response in glucose metabolism was observed with high pred- 
nisolone concentrations. 

GLUCOCORTICOID hormones exert a growth inhibiting effect on most mammalian cells 
in tissue culture.r-s Limited information is available on their biochemical effects on 
isolated cells growing in the absence of influence from other tissues, and the under- 
lying mechanism of the growth inhibiting action of glucocorticoid steroids is poorly 
understood.9 

In attempts to throw light on the mechanism of action of glucocorticoid hormones 
and on the possible role of steroids in the control of tissue growth, studies have been 
initiated to determine the effect of such hormones on mammaIi~ cells in tissue 
culture. This paper reports expe~ments on the effect of prednisolone on growth and 
metabolism of Chang liver cells. Also data on the growth inhibiting effect of predni- 
solone and aldosterone on mouse fibroblasts (L cells) and on human cancer cells 
(HeLa) are reported, Part of this work has previously been reported in a preliminary 
communication.10 

Cultivation of cells 

MATERIALS AND METHODS 

The experiments described were carried out with exponentially growing mono- 
Iayer cultures of mouse fibroblasts (strain L, clone 929), human cancer cells (HeLa), 
and human liver cells (Chang), grown on Eagle’s medium, supplemented with 15% 

* Supported by Stang’s Fo~~tion. 
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horse serum. The methods for preparations of medium and for propagation and 
maintenance of stock cultures have been described previously.rrt 12 

Experimental procedure 
Cells from stock cultures obtained by trypsinization were suspended in medium 

and the cell density adjusted. Aliquots were pipetted into glass flasks which were 
incubated at 37”. After 24 hr the old medium was replaced by fresh medium con- 
taining different concentrations of the hormones. These were dissolved in the medium 
immediately before use, and the solutions were sterilized by filtration. Pure medium 
was added to the control cultures. The whole procedure was carried out at 37”. 

Analytical 
The cell number was determined with an automatic celi counter. Protein was 

determined by the Lowry method,13 as modified for tissue culture by Oyama and 
Eagle,14 using crystalline bovine albumin as standard. After extraction of cells, as 
described by Whitfield et al.,15 DNA was determined by the indole method of 
Ceriotti,ls and RNA by the orcinol method,l7 using Schwartz preparations of DNA 
and RNA as standards. Glucose was determined by the glucose oxidase method18 and 
lactate by the method of Barker and Summerson, as modified by Str6m.lB All data 
reported represent the average of several independent experiments, in which each 
value was based on analyses of 3 different flasks. 

Reagents 
Prednisoione (Al-hydrocortisone) was obtained as the water soluble phosphate ester, 

sodium bis(prednisolone-21)-phosphate (Glucortin) from Fredriksberg Chem. Fabr. 
A/S, Copenhagen, Denmark. Dexamethasone (9a-fluoro- 1 &-methyl prednisolone) was 
obtained as the water soluble sodium sulphate ester (Dexa-Scheroson) from Schering 
A. G., Berlin. Water soluble aldosterone (Aldocorten) was obtained from Ciba. 

Glucose oxidase was obtained from Boehringer & Soehne GmbH., Mannheim, 
Germany. 

All other chemicals used were commercial products of the highest purity. 

RESULTS 

Previous studies on the growth inhibiting effect of gluco~rticoid hormones on cells 
in tissue culturer-* have given variable and in part conflicting results. Presumably, the 
effects observed depend not only on the cell type studied, but also on the experimental 
conditions used. While Nowell observed logarithmic dose-effect relationships the 
data of other investigators5 indicate that the growth inhibition was directly propor- 
tional with the steroid concentration. Whether the extent of the growth inhibition 
increases with the length of the exposure or reaches maximum shortly after the 
addition of the hormone, does not seem to have been established. 

The effect of increasing concentrations of prednisolone and aldosterone on the rate 
of multiplication of three different cell lines, is shown in Fig. 1. With L cells and Chang 
cells the inhibition was found to be proportional with the logarithm to the concentra- 
tion of the hormones, in principle agreement with the findings of NowelI on human 
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leukocytes. In the case of the HeLa cells the dose-effect relationships appeared to be 
more complex. At low hormone concentrations the liver cell was found to be the most 
sensitive cell type, a definite inhibition being observed with 0.25 PM. Moreover, the 
curves suggest that inhibition might have been observed with even lower concentrations. 

In the case of the Chang cells, experiments were also carried out with the fluorinated 
steroid, dexamethasone, which was found to inhibit growth to a somewhat lesser 
extent than prednisolone (Fig. 1). Previously, Perlman et aI.8 found L cells to be much 

CHANG CELLS 
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FIG. 1. Effect of concen~ation of steroids on rate of cell multip~~tion. 2-ml samples (2 x lo5 cells) 
in Carrel flasks were flushed with 5% COZ in air, and incubated at 37”. After 24 hr the medium was 
replaced by fresh medium containing increasing concentrations of the hormones. After further 
incubation for 48 hr the total number of cells per culture was counted. The data are expressed as the 
number of cells in per cent of that found in the untreated control cultures. The data represent the 
average of 2 independent experiments. 0 - 0, prednisolone; l -0, aldosterone; A - A, 

dexamethasone. 

more sensitive to fluorinated steroids than to the non-fluorinated parent compounds, 
while Gey’s adrenal cells proved to be quite insensitive to the fluorinated derivatives. 

The effect of prednisolone (25 ,uM) on the multiplication of Chang cells, as a func- 
tion of time, is shown in Fig. 2. It appears (Fig. 2A) that the inhibition was particularly 
pro~nent during the first 24 hr of incubation. The more detailed studies in Fig. 2B 
indicate that prednisolone actually exerted a strong inhibiting action only during the 
first 10 hr. Subsequently, the treated cells seemed to grow exponentially at a rate that 
was only moderately reduced compared to that of the control cells. Nowell* similarly 
reported that prednisolone exerted most of its effect on human leukocytes during the 
first 24 hr. However, Cox et al.7 found with L cells and with various human epithelial 
cells lines that the growth inhibition by prednisolone was maximal after 40 or more hr 
of incubation. 

The shape of the growth curves (Fig. 2) might conceivably be accounted for by a 
rapid inactivation of prednisolone. However, this possibility seems to be ruled out by 
the &uling that when the medium was replaced after 24 hr by fresh medium containing 
different concentrations of prednisolone (25, 125, and 250 PM) the subsequent growth 
rate was the same as that found when no replacement was made. This is shown for 
250 PM of prednisolone in Fig. 2A. Figure 1 suggests that when Chang liver cells are 
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exposed to a certain concentration of prednisoIone they subsequently become in- 
sensitive to the growth inhibiting effect of higher hormone concentrations. 

Metabolic studies 
Several authors have reported that the growth inhibiting effect of glucocorticoid 

hormones in vitro is associated with effects on cell size,2* 59 7 and on the cellular content 
of DNA,7 RNA’ and protein.51 7 In the present studies phase contrast microscopy 
revealed no signs of morphological abnormalities in the treated cells. In particular, 
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FIG. 2. Multiplication of Chang liver cells in the presence of prednisotone, as function of time. The 
ceils were incubated with 25 PM of prednisolone under conditions described in legend to Fig. 1, and 
cell counts were performed at the times indicated. Each point represents the average of 2 independent 
experiments. 0 - 0, control; l - @, prednisolone; A - A, medium replaced after 24 hr with 

fresh medium containing 250 @M of prednisolone. 

no evidence of giant cell formation was found. The DNA, RNA and protein analyses 
showed that in the untreated, as well as in the prednisolone treated cultures, the total 
content of these constituents increased in proportion to the cell number. Thus, the 
content per cell of DNA, RNA and protein remained constant throughout the ex- 
perimental period, as shown in Fig. 3. Likewise, the amount of protein extracted 
during the isolation of the nucleic acids (PI - Pz) was not influenced by the hormone 
treatment. 

The results in Fig. 4 demonstrate that the growth inhibiting action of prednisolone 
on the liver cells was associated with pronounced effects on their glucose metabolism. 
Thus, prednisolone in a concentration of 25 PM increased markedly the glucose 
consum.ption per cell per unit time during the first 24 hr. The concomitant lactate 
production was also increased, although to a lesser extent. With dexamathasone 
similar, but smaller effects were observed. During the subsequent periods the glucose 
utilization and lactate production were the same in the treated and untreated cultures. 
It is apparent (Fig. 4) that the values per cell per hour decreased with time in all 
cultures, presumably due to the fact that the glucose concentration of the medium 
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FIG. 3. Effect of prednisolone on the content of protein, DNA, and RNA of Chang liver cells. The 
cells were incubated with 25 PM of prednisolone as described in legend to Fig. 1. The total protein 
(PI), the residual protein after extraction of the nucleic acids (Pz), and the DNA and RNA contents 
of the cultures were determined after 24.48 and 72 hr. The results are expressed in pg per 106 cells. 
The data represent the average of two independent experiments. l --a, control; 0 - 0, 

prednisolone, 
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FIG. 4. Effect of prednisolone (25 PM) and dexamethasone (25 FM) on glucose utilization and Iac- 
tate production of Chang liver cells. Glucose and lactate were determined on aliquots of the medium. 
The values reported (the average of two inde~dent experiments) were obtained by dividing the 
total glucose utilization or lactate production for the respaive periods by the mean number of cells 

per hour, obtained by integrating the growth function between the time limits. 

B.Ph.-3T 
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declined continously throughout the experiments. When the medium was replaced 
after 24 hr with fresh medium, the glucose utilization and lactate production of the 
control cultures were raised to the level found during the first 24 hr (Fig. 5). 

Since the transient effect of prednisolone on glucose metabolism appeared to 
coincide with the transient effect on cell division, it was of interest to see whether 
glucose metabolism, like growth, became insensitive to the action of prednisolone. 

GLUCOSE UTILIZATION 
[7 CONGOL 

MEDIUM REPLACED 

AFTER 24 HRS 

50 LACTATE PRODUCTION 

O-24 24-48 24-48 
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FIG. 5. Effect of prednisolone on glucose utilization and lactate production of Chang liver cells, 
preincubated for 24 hr with 25 PM of prednisolone. Chang cells were incubated with 25 PM of 
prednisolone and the glucose utilization and lactate production were determined after 24 and 48 hr. 
In some cultures the medium was renewed after 24 hr of incubation with medium containing increasing 
concentrations of prednisolone. In the controls the medium was replaced by fresh medium. The 
glucose utilization and lactate production during the subsequent 24 hr were determined as described 

in legend to Fig. 4. 

The results shown in Fig. 5 demonstrate that renewal of the medium after 24 hr with 
medium containing the initial prednisolone concentration (25 PM), did not raise the 
glucose consumption and lactate production over and above the values of the control 
culture. However, unlike growth, glucose metabolism showed a renewed response 
when higher hormone concentrations were used. 

DISCUSSION 

The data presented in this paper confirm the findings of previous authors that 
different cell lines in tissue culture exhibit different sensitivity to the growth inhibiting 
effect of adrenal steroids.G-8 Thus, the cell types studied differ in their sensitivity and 
dose reponse to both prednisolone and aldosterone. 
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The studies with the Chang liver cells seem to reveal several facts of interest. The 
data indicate that prednisolone exerted most of its action during the early period of 
incubation. Subsequently, the growth rate of the cells increased although it remained 
at a somewhat reduced level compared to that of the untreated cells. Interestingly, 
after the initial period of strong inhibition the cells appeared to be unresponsive to the 
inhibiting effect of high hormone concentrations. Since the transient nature of the 
initial growth inhibition could not be accounted for by rapid inactivation of the 
prednisolone, the results suggest that the cells had somehow adapted themselves to the 
presence of the steroid. The nature of this “adaptation” is obscure. Cell variants with 
increased resistance to steroids have previously been selected by cultivation of a mouse 
lymphoma cell line for several weeks in the presence of hydrocortisone.20 It seems 
unlikely that such a mechanism could account for the data observed in our short-term 
experiments. 

The marked temporary enhancement of glucose utilization and lactate production 
here observed is of interest in view of the fact that glucocorticoid hormones have been 
found to reduce the uptake and utilization of glucose in various surviving tissues.ai-23 
However, in L cells high concentrations of hydrocortisone have previously been found 
to increase lactate production. 3 The nature of the effect here observed on glucose 
metabolism in Chang liver cells is currently being studied in more detail. 

The growth inhibiting effect of prednisolone on Chang liver cells occurred in the 
absence of significant changes in morphology and cellular content of DNA, RNA, 
and protein. The finding that the effect on glucose metabolism coincided with the 
most pronounced growth inhibition is suggestive of a causal relationship. However, 
it should be recalled that while after incubation for 24 hr with prednisolone the growth 
was unaffected by higher concentrations of steroid, a new response in glucose utiliza- 
tion and lactate production was elicited. The possibility obviously exists that the 
growth inhibition and the effect on glucose metabolism are unrelated aspects of the 
action of glucocorticoid hormones. 
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