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The 21-aminosteroids (lazaroids) are a new family of
steroid compounds that inhibit lipid peroxidation
reactions. They are novel antioxidant agents, which
have been shown to have antiproliferative properties on cancer cells and also are thought to prevent
free radical-mediated blood-brain barrier damage.
In order to understand the effect of lazaroids on
glioma, we tested U-83836E and U-74389G at doses
ranging between 0.1–100 µM on primary cultures of
glioblastoma multiforme from three patients, rat C6
glioma cell line, and 5th subculture established from
one of the patients. The effects of both compounds
on cell proliferation were determined using 3-(4,5dimethyl thiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) colorimetric assay. U-83836E in the pri-

mary cultures was found to have 50% inhibitory
concentrations (IC50) of 6.30, 6.75 and 6.50 µM,
respectively. The IC50 value of U-74389G was calculated as 91 µM in only one of the patients. On C6
glioma cells, while the IC50 of U-83836E was 45 µM,
U-74389G showed no cytotoxic effect. On the 5th
subculture, U-83836E had an IC50 of 37.5 µM, but the
cytotoxic effects of U-74389G was less than in that of
the primary culture. In conclusion, these compounds were found to be more cytotoxic in primary
culture than the cell lines and there were also differences between their members in the inhibition of
cell survival. (Pathology Oncology Research Vol 5,
No 3, 223–228, 1999)
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Introduction
21-aminosteroids (lazaroids) are a family of non-glucocorticoid steroid compounds which have been developed
as a lipid peroxidation inhibitor.3,4 They have been shown
to have a novel antioxidant capacity especially in neural
tissue of animals exposed to trauma, subarachnoid haemorrhage, and ischemia.15,16,27 Hence, lazaroids have been
demonstrated to protect blood-brain barrier (BBB) in
either in vitro or in vivo models of ischemia, and also subarachnoid hemorrhage.12,14,27 Since the participation of free
radicals in the mechanism of BBB damage and brain
oedema is the proposed theory, some lazaroids have been
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used in the tumor implantation models to investigate their
effects on brain oedema and also tumor volume, but controversial results have been reported.2,18,21
The inhibitory effects of 21-aminosteroids on cancer cells
have been demonstrated in vitro.17 Since there are structural similarities between lazaroids and glucocorticoids, the
antiproliferative action of these compounds is attributed to
their interaction with glucocorticoid receptors.17
It is known that glioma cells may change their morphology and some antigenic properties, depending on the
degree of subculture; it is generally accepted that cultured
cell lines become less differentiated as the time in vitro
increases.10 We, therefore, designed this study to gain an
understanding of the effect of the lazaroids on a primary
culture of glioblastoma multiforme and C6 glioma cell
line, and also 5th subculture established from one of the
patients. We chose two lazaroids; one of them, (–) 2-((4(2,6-di-1-pyrrolidinyl-4-pyrimidinyl)-1-piperazinyl)
methyl)-3,4-dihydro-2,5,7,8-tetramethyl-2H-1-benzopy-
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ran-6-ol dihydrochloride (U-83836E) is a novel antioxidant that inhibits lipid peroxidation,15 as shown also in our
previous study.9 The other, 21-(4-(2,6-di-1-Pyrrolidinyl-4pyrimidinyl)-1-piperazinyl)-pregna-1,4,9(11)-triene-3,20dione (z)-2-butenedioate (U-74389G) has been shown to
reduce ischemic brain damage and also protect the normal
brain from radiation injury.5,24
Materials and methods
Tumor specimens obtained from three patients at the
time of surgery were examined histopathologically to confirm tumor diagnosis and a part of tumor tissues was prepared for cell culture as described previously.19,30 After the
tumor samples had been washed with phosphate buffered
saline (PBS, without calcium and magnesium) in sterile
petri-dishes and minced by scalpel, further dissociation of
cells was achieved enzymatically, according to the method
of Chen and Mealey.7 Then cell aggregates, treated with
0.25% trypsin-EDTA solution and incubated 10–15 min at
37°C, cells were mechanically dispersed by using a 10 ml
pipette. Trypsin activity was inhibited by adding growth
medium (described below) and cells were centrifuged at
1000 rpm for 5 min at 4°C. Supernatant was removed and
the pellet was seeded into 75 cm2 flasks. Cells were cultivated in a 1:1 mixture of Dulbeccos modified Eagle’s
medium (DMEM) and F-12 supplemented with 10% fetal
calf serum and 1% penicillin-streptomycin solution.30 The
cultures were humidified at 37°C and 5% CO2 atmosphere
and fed 2–3 times a week until they approached confluency (within 13–18 days).
Samples of monolayer culture grown on slide chambers (from ICN) were used for morphologic examination
and GFAP staining by immonoperoxidase.13 For drug
experiments, monolayer cultures were washed with
Hank’s balanced salt solution (without calcium and magnesium) and treated with 0.25% trypsin-EDTA. After
removal, the cells were centrifuged at 1000 rpm for 5 min
at 4°C and counted with a Coulter counter. Cell viability
was accessed by trypan blue dye exclusion, and found to
be higher than 98%.
Drug preparation and MTT assay
Both lazaroids, U-83836E and U-74389G at 20 mM
concentration were initially dissolved in dimethylsulfoxide (DMSO). They were then diluted to a 2.5 mM stock
solution in fatty acid free bovine serum albumin in PBS
(30 mg/ml). The highest concentration of both compounds
(100 µM) was given by adding 10 µl of the stock solution
to a 250 µl growth medium. Hence, the maximum concentration of DMSO was adjusted to 0.5% (the amount added
to the culture medium together with the highest lazaroid
concentrations) and was found to have no effect on cell

viability when used alone. By using the stock solution, serial dilutions were made at a ratio of 1:10 in fatty acid free
serum albumin to reach desired final concentrations of
lazaroids ranging from 0.1 to 10 µM when added to 250 µl
growth medium.15
It has been reported that the doubling time of short-term
cultures of human glioblastoma may vary between 34–66
hours.25 The duration of incubation, drug exposure and
recovery period of primary cell cultures were selected and
applied according to a protocol taken from the work of
Thomas et al.28 In brief, the cells at exponential growth
phase and also at passage level 1 were seeded in 96-well
microtiter plates (3x104 cells/ well), 10 wells for control
(include only growth medium) and 10 wells for each tested
lazaroid dose, and were incubated for 72 hours. The test
compounds were freshly prepared and added to growth
medium at concentrations of 0.1, 1, 10, 100 µM renewing
the growth medium every day to achieve a total drug exposure of 72 hours. At the end of this procedure cells were
washed gently with DMEM and allowed to recover for a
total of 72 hours. Then drug cytotoxicity screening was
performed using MTT colorimetric assay originally
described by Mosman and modified by Alley et al.1,22 MTT
(from Sigma) was prepared freshly before each test as 5
mg/ml in PBS, and sterile filtered to remove undissolved
particles. For each 250 µl growth medium, 25 µl MTT
solution was added and incubated for 4 hours. After all
growth medium had been removed, crystal particles of
MTT were dissolved in 100 µl DMSO by shaking multiwell plates for 2–3 minutes. The absorbance of formazan
dye was read at 550 nm using Uniskan II plate reader (Flow
Laboratories, Herts, UK). All the tests were triplicated.
Since the formation of formazan as a product of MTT
has been found to correlate with the number of living
cells6,22 and MTT assay was performed before density limitation of cell growth was occurred in control wells, the
optical density read from the drug-treated wells was converted to a percentage of living cells against the control
using the following formula; absorbance of treated cells in
the each well x 100/the mean absorbance of control cells.
The dose response curves were calculated for lazaroids at
the above-mentioned concentrations and expressed as the
mean percent fraction of control ± Standard Error of Mean
(SEM). IC50 was determined by plotting the logarithm of
the drug concentration against the mean percentage of living cells at each dose of lazaroids, using a software program.23,29 Statistical significance was ascertained by one
way analysis of variance, followed by Tukey’s multiple
comparison test.23
Rat C6 glioma cell line – Because of the high formazan
density which is over the range of the plate reader, we
were unable to determine the cytotoxicity of lazaroids on
C6 astrocytoma cell in the same duration of experiment
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Figure 1. Micrographs shows A) the general appearance of cultured polymorphic cells of glioblastoma multiforme (phase contrast microscopy x 360), B) after the 5th subculture, the cells
changed their morphology (phase contrast microscopy x 360),
and C) cultured human glioma cells are positive for glial fibrillary asidic protein (immunoperoxidase x 200).

applied to human glioblastoma cell culture. Therefore, we
first determined the doubling time of the C6 glioma cells
in vitro, according to a method described previously.25,31 In
brief, cells were seeded in 24-well flat-bottomed culture
plates (Costar) at a density of 104 cells/well. Throughout
the experiment (6 days), quadruplet wells were trypsinized
every 24 hours and living cells were counted using the trypan blue exclusion method. The plotted growth curve
showed log phase starting at day one and reaching the
plateau on day five. The number of cell divisions on the
fifth day was determined by the following formula:31 n= ln
(p/x)/ ln 2, in which n = the number of cell divisions, p =
the number of cells after n divisions, and x = the initial
number of cells. Doubling time of C6 cells was assessed
by dividing the duration of the experiment (5 d = 120 h) by
the number of cell divisions. Since C6 cell doubling time
was calculated as 20.77 h, MTT assay was performed at
the end of 72 h period (24 h incubation, 24 h drug exposure and 24 h recovery period).
Results
Cultured cells of glioblastoma multiforme from three patients showed almost the same characteristics as described
previously26 (Figure 1a). The glioma cells derived from the
Vol 5, No 3, 1999

one patient changed their initial morphology after the 5th
subculturing (Patient 3, Figure 1b). The glial origin of the
cells was demonstrated by immunoperoxidase staining with
monoclonal antibody against GFAP, and found to be positive in more than 80% of cells (Figure 1c).
U-83836E was found to be more potent than U-74389G
in reducing cell survival in all the experiments performed.
U-83836E showed no effect on cell viability at the doses
of 0.1 and 1 µM when compared to the control (p>0.05),
but there was a significant difference between the consecutive doses after 1 µM in the reduction of living cell fractions (p<0.05). IC50 of U-83836E for the cells derived
from the patients was calculated as 6.30, 6.75 and 6.50 µM
respectively. When compared to the controls, there was no
toxic effect of U-74389G on primary cultures at 0.1, 1 and
10 µM (p>0.05). However, there was a significant difference between 10 and 100 µM in reduction of cell survival
(p<0.05). The effects of both lazaroids on primary culture
are shown in Figure 2.
U-83836E reduced C6 cell proliferation in a dosedependent manner, with the exception that there was no
statistically significant difference between 0.1 and 1 µM
(p>0.05). The IC50 value of U-83836E was found to be 45
µM, while U-74389G showed no effect on cell survival
(p>0.05, Figure 3a). Since cytotoxic activity of lazaroids
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83836E was not significant, but a significant difference
was found between other consecutive doses of U-83836E
(p<0.05). U-83836E had an IC50 of 37.5 µM and U74389G
showed a small effect in reducing cell survival in this cell
line (Figure 3b).
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Figure 2. The dose response curves show the percentage of living cells at indicated doses of both compounds against control
± standard error of mean. Antiproliferatve effects of U-83836E
and U-74389G on promary cultures from the first patient (A)
second (B) and third (C). IC50 values of U-83836E were 6.30,
6.75 µM, respectively. U-74389G had an IC50 of 91 µM only in
the first patient (A).

on C6 cells was found to be less than on primary cultures,
we also planned to test these compounds on a cell line (5th
subculture) established from one of the patients. At 0.1
µM, the reduction of cell survival brought about by U-

This study demonstrates that U-83836E and U-74389G
show cytotoxic properties on cultured glioma cells. At low
doses they showed no significant effect on cell viability of
the primary cultures but at higher doses their toxic effects
became apparent. U-83836E was found to be more potent
than U-74389G in decreasing the number of living cells.
Since 21-aminosteroids are structurally similar to glucocorticoids, lacking only the C-11 and C-17 hydroxil groups which are responsible for glucocorticoid side-effects,4
it is thought that they show their antiproliferative activities
by interacting with glucocorticoid receptors.17 This conclusion is drawn from several reports that glucocorticosteroids may inhibit the growth of neoplastic cells, including glioma.8,32 Macuinas et al.20 reported that dexamethasone caused cell death in a dose dependent manner in two
glioblastoma cell lines derived from patients, but the IC50
of dexamethasone was found to be higher than tolerable by
systemic delivery. On the other hand, in vitro studies have
shown that the glucocorticoids are cytostatic, but not cytotoxic, at high cell densities in cultures of human glioma,
besides enhancing cell survival and proliferation at low
cell densities.11 In present study it is not certain whether
the reduction of cell survival by lazaroids is due to cytotoxic or cytostatic properties of the compounds on glioma
cells, because the MTT assay does not distinguish these
PATHOLOGY ONCOLOGY RESEARCH
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Figure 3. The dose response curves show the percentage of living cells at indicated doses of both compounds against control ± standard error of mean. A) On the C6 cell line, IC50 value of U-83836E was 45 µM, but U-74389G had no effect on cell viability. B)
On the 5th subculture, while U-83836E had an IC50 of 37.5 µM, U-74389G showed little antiproliferative actions on cells.

two activities.6 However, Kim et al.17 have shown that the
inhibitor activity of the lazaroid U-74500A varied depending on the drug exposure time and was a dose-dependent
manner, suggesting that the lazaroid caused cell death due
to cytotoxic action. In primary culture and C6 cell line, U83836E caused reduction of cell survival in a dose-dependent manner for does over 1 µM, but the same effect was
not obtained with U-74389G. These findings support the
above-mentioned conclusion that inhibition of cell survival by lazaroids may be due to their cytotoxic effects on
glioma cells.
While the cytotoxicity of U-83836E was lower on C6
glioma cells than on human primary cultures, U-74389G
showed no cytotoxic effect at all on C6. A similar result
was obtained in a previous study in which human breast
cancer cells (MCF-7) were more responsive to lazaroids
than mouse lymphoma cells (L5178Y), which suggested a
varying sensitivity of different cell lines to lazaroids.17
Interestingly, both compounds were found to be less effective in reducing the surviving cell fraction in the cell line
established from a patients than they were in primary cultures but more effective than in the C6 glioma cell line in
present study. Theoretically, another explanation for these
results may be that glioma cells may partially lose their
steroid receptors, depending on the degree of subculturing,
although the steroid receptor expression was not a part of
the present study. From the point of view of the oncolytic
actions of lazaroids on cancer cells, a difference has been
shown between their members both in this study and the
Vol 5, No 3, 1999

previous one.17 Which mechanism is responsible for such
results is uncertain, but it seems that the more antioxidant
capacity the agents have, the greater the effects that may
be expected.
21-aminosteroids have been shown to attenuate the ironinduced vasogenic brain oedema in animals by protecting
BBB.15 In a rat model of cerebral carcinosarcoma (Walker
256), lazaroids (U-74006F and U-78517F) were incapable
of decreasing the vascular permeability of the tumor, but
capable of reducing neurological dysfunction by reducing
tumor volumes.18 In the present study, these compounds
each showed cytotoxic actions on glioma cells depending
on their inhibitory capacity in vitro. In conclusion, if they
could be shown to reduce the tumor volume of glioma at
tolerable doses by systemic delivery it is clear that they
would be beneficial in the treatment of tumor-associated
cerebral oedema, due to their antiproliferative effects on
glioma cells.
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