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Abstract- -Hamster astroblast glal cells (clone NN) in cell culture were exposed to from 1 x 10 7
to 3 x 10°* M pentobarbital-Na and from | x 107% to 25 x 107* M morphine hydrochloride for
various periods of time. Profound morphological changes were induced in a dose/time-related fashion
by pentobarbital only. These consisted of growing of cellular expansions, parallel cellular arrangement
and increased amounts of intracellular material. Exposure of the cells to morphine up to 6 wecks
resulted in a dose-correlated decreased rate of proliferation. but no specific morphological alteration
could be observed. The morphological changes induced in cultured glial cells by pentobarbital were
accompanied by an increase in oxygen consumption (35-45°,) as well as an increase in glucose uptake
(90 1107,). These cffects were compared to those obtained with bromodeoxyuridine which affected
glucose metabolism similarly. Furthermore. glial cells that had been treated for 4 weeks with the
barbiturate were less sensitive to the depression of oxygen consumption by a challenging dose of
pentobarbital-Na signifving the development of cellular tolerance. After having cultured the cells in
barbiturate for 4. 9 or 14 wecks, normal medium was substituted. This resulted in severe degenerative
changes and cell deaths as well as altered growth characteristics in the surviving cells, demonstrating
some degree of cellular dependence on the barbiturate. In addition, cross-tolerance with ethyl alcohol
was established since it could be substituted for the barbiturate without the occurrence of any degenera-

tive changes.

It is generally agreed at present that the tolerance
observed after prolonged treatment with barbiturate
[1,2] is due to a combination of at least two me-
chanisms: an increased hepatic metabolism and a cen-
tral adaptation at the cellular level [3]. In the case
of the former it seems that tolerance to the shorter
acting barbiturates appears to be mediated to a much
larger extent by enzyme induction than for the longer
acting members, but in all cases, as the length of bar-
biturate action increases the extent of central nervous
system (CNS) adaptation becomes progressively
greater [4]. As far as central cellular adaptation is
concerned very little is known as to differences be-
tween various barbiturates, and its mechanism is un-
clear. It is unclear both with respect to the underlying
biochemistry as well as to the cell type involved.

Many adaptive biochemical changes have been
identified as occurring in brain during barbiturate to-
lerance and dependence [5, 6] but in view of the com-
plexity of the whole brain on one hand and the many
compensatory mechanisms known to modify all drug
actions in the whole animal on the other, these results
have escaped meaningful interpretation as to the me-
chanism and specific locus of central cellular adap-
tation.

Tissue culture of various cerebral cell types offers
a novel and unique approach to the problem. It al-
lows the study of many different types of cells in a
well-controlled environment, both with respect to the
specificity of the cell involved and with respect to
drug levels at the proposed site of action. Tissue cul-
ture allows the study of pure drug effects, unmodified
by secondary and metabolic factors, a condition es-
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sential in studying mechanism and locus of adap-
tation at the cellular level.

In the present study cell culture of hamster ghal
cells (astroblasts, clone NN) was used. These cells
were chosen for two reasons. Firstly, the greater part
of brain tissue consists of glial cells, and their function
is virtually unknown. Secondly, the cells are consi-
dered to represent normal mammalian cells, although
they are of embryonic origin. Pentobarbital was
chosen as a widely used, representative barbiturate,
that has been well studied in other systems [7-9].

The purpose of the investigation was to establish
whether dependence on barbiturate can be produced
in a homogeneous glial cell population in cell culture,
whether tolerance to the depressive action of barbitu-
rates can similarly be produced at the cellular level,
and which biochemical changes. if any, accompany
these events.

Therefore, we studied the direct as well as the long-
term effects of pentobarbital on some morphological
and biochemical aspects of normal glial cells in cul-
ture.

MATERIALS AND METHODS

Cell culture. Hamster astroblast glial cells (clone
NN) were obtained from North American Biologicals,
Inc. They were grown in plastic Falcon flasks (75 cm?
and 25 em?) at 37" in 5%, CO,-95%, air atmosphere
with saturated humidity. The cultures were main-
tained in Dulbecco’s modified Eagle medium, supple-
mented with 10", fetal calf serum. The medium was
changed every 2 days and subcultures were prepared
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by using 0-25°, trypsin at a rate of once per week.
The cells were subcultured at the approximate con-
centration of 8 x 10° cells;75 em? flask and -5 x 10°
cells: 25 em?® flask. Pentobarbital-Na (Abbott) was
added to the culture medium in final concentrations
ranging from | x 10 M to 3 x 10" * M for various
periods of time up to a total of 14 weeks. Pentobarbi-
tal was initially added at the time of subculturing,
ic. 1o dividing cells. Thereafter, barbiturate-treated
cultures were subcultured according to the identical
schedule as control cells.

The pH of the culture medium was kept constant
at 70 + 04 units. Unless stated otherwise for each
series of experiments untreated glial cells of the same
subculture and the same cell density served as con-
trols.

For the biochemical assays the cultures were ex-
posed to 5 x 10 * M pentobarbital-Na according to
three different schedules: short-term exposure was de-
fined as cultivation in pentobarbital-Na for 2 weeks.
Long-term exposurc was defined to range from 4 to
& weeks of growth in the presence of the drug. With-
drawal was defined as substituting drug-free culture
media in cells previously grown in barbiturate-con-
taining medium for a minimum of 4 weeks.

The cultures were examined for any morphological
changes every 2 days, except during withdrawal, when
they were followed every hour for the first 12 hr. after
that on a daily basis. The cultures were observed
through an inverse phase-contrast microscope (Leitz,
Wetzlar). and photos were taken at various intervals
using Hford Pan F black ‘white film.

Biochemical assayvs. Oxygen uptake of intact glial
cells in suspension was measured in a Gilson Oxy-
graph with a Clark oxygen electrode. They were re-
covered from the Falcon flasks in the following man-
ner. The .cells were rinsed three times with glucose-
free buffer and then harvested into 5 ml of buffer
by the aid of a rubber spatula. They were centrifuged
at 500 rev.min for 5 min and resuspended in 50 to
100 gl of the final incubation bufler which consisted
of the following: (pH 7:3), 150 mM NaCl, 30 mM
KCL 10 mM CaCl, 06 mM MgCl,. 6-0 mM glucose,
90 mM Na,HPO,, -7 mM KH,PO,. The final
volume of imcubation medium was 1-65 ml. and incu-
bation was carried out at 37 . The standard used for
calibration was the oxidation of NADH by catalase
in the presence of 02", phenazine methosulfate.

In the experiments establishing the direct effects of
pentobarbital-Na and KCl on the oxygen consump-
tion of normal glial cells, the drugs were added to
the incubation chamber in a volume of 50 ul of buffer
after oxygen uptake had been lincar for at least 10
min. In the experiments cstablishing the sensitivity
of differently pretreated cells to a challenging dose
of pentobarbital the barbiturate was also added in
a volume of 50 jd of buffer directly into the incuba-
tion chamber. The experiments were designed such.
that a measurement of normal cells was always fol-
lowed by a measurement of treated cells and vice ver-
sa. After cach determination, the cells were removed.
the incubation chamber rinsed and the cells washed
three times with buffer. Protein content of each incu-
bation sample was determined according to  the
method of Lowry ¢1 al. [10]. The cells used in cach
assay were found to represent an amount of total pro-

tein between 08 mg and 14 mg Respiratory rates
were expressed in gl O, consumed mg protein min,

Glucose uptake was measured in a Beckman auto-
matic analyzer according to the following procedure.
After removal of the culture medium. the cells were
detached by the use of a rubber spatula and rinsed
twice with glucose-frec buffer. At time zero 25 mi
of glucose-containing bufler was added, @ control
sample of 50 pl was taken. and the cells were incu-
bated at 37 for 2 hr: at that time the incubation
medium was centrifuged at 3000 ¢ for 5 min and glu-
cose content of the medium was determined in tripli-
cate of SO ul each. Protein content of each incubation
sample was measured according to the method of
Lowry et af. [10]. The difference between glucose con-
tent at time zero and at 2 hr was caleulated, and
glucose uptake was expressed as mg glucose taken
up from the media‘mg protein hr.

NADH. catalase and phenazine methosulfate were
procured from Sigma Chemical Company. all other
chemicals used were of highest laboratory  grade
{Merck). The data were analysed by the Student (-test
(2-tailed).

RESULTS

The eftect of pentoharbital on the morphology of NN
glial cells

Dose-response relationship. Normal hamster  glhial
cells (NN clone) are known to retain their astroblast-
like appearance (Fig. 1) without any visible extensions
and prolongations. Their shape is almost round. and
they contam large amounts ol plasma with several
nucleoli.

Addttion of pentobarbital-Na to the tissue culture
media induces a characteristic change in the morpho-
logy of these hamster glial cells (Fig. 2). The cells
are elongated und enlarged with processes extending
from the perikaryvon. They are oriented in a parallel
fashion. The number of nucleoli per cell is increased.
Based on ua count of 200 cells in cach group it was
found that control cells contained 2-645 + 0-075 nuc-
leoli, whereas barbiturate-treated cells (5 < 10°* M
for 4 weeks) contained 3735+ 0118  nucle
(P < 0:001). The oceurrence of this barbiturate-in-
duced appearance was found to be a function of the
dose of pentobarbital as well as of the time of expo-
sure. The concentrations of pentobarbital  studied
ranged from 1 x 10 > M 0 3 x 10 * M in the cul-
ture media. The minimally cffective dose was found
tobe I x 10 * M with a minimal duration of expo-
sure of 2 weeks. and a concentration of 3 x 10 * M
was found to be lethal within 4 5 days. The inverse
relationship between concentration of pentobarbital
and time of exposure existed throughout the entire
dose range studied. The growth characteristics of the
most frequently used doses of pentobarbital and mor-
phine hydrochloride are shown m Fig. 3. The growth
rate is reduced by pentobarbital as well as by mor-
phine. but the duration of logarithmic phase growth
is the same as in untrcated cells. At the dose of
5 x 107* M pentobarbital the carlicst time point of
any morphological change was after 3 days of expo-
sure, i.e. after at least one and one half gencration
time the whole culture being completely changed after
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Fig. 1. Hamster astroblast glial cclls. clone NN, untreated (Magnif. 200 >0).

6 days. Thereafter, no further morphological change
was evident up to an exposure period of 14 weeks.

Long-term exposure und effect of withdrawal. The
results establishing long-term barbiturate exposure
and barbiturate dependence were obtained with cul-
tures grown in a pentobarbital concentration of
5 x 107* M for a minimum of 4 weeks and a maxi-
mum of 14 weeks. No additional morphological
changes were seen to occur once the culture had at-
tained the barbiturate-related appearance.

In an attempt to clucidate whether this effect is
a general effect of central nervous system depressants,

glial cells werc likewise exposed to various concen-
trations of morphine hydrochloride (1 x 107° M to
2:5 x 107* M) and ethyl alcohol (-1 M) for periods
up to 6 weeks. In no case was there any change in
the morphology of glial cells in cuiture, although the
rate of growth is reduced by both drugs.

In order to evaluate whether glial cells can become
dependent on pentobarbital-Na, half of the culture
was withdrawn after 4 weeks of exposure, while the
other half remained cxposed to the drug. The first
visible change in glial cells after having replaced the
culture medium with drug-free medium occurs as early

Fig. 2. Hamster astroblast glial cells, clone NN, exposed to 5 x 107+ M pentobarbital-Na for a period
of 2 weeks (Magnif. 200 x ).
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The effect of pentobarbital and morphine on
cell growth (NN)
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Fig. 3. The effect of pentobarbital-Na and  morphine
hydrochloride on cell growth of NN ghal cells in culture.
Cells were subcultured into control mediun (M o)
medium containing 2-5 x 10 * M morphine hydrochloride
(@ @) and containing 3 x 10 *M pentobarbitad-Na

4 V). Culture medium was changed every second day
and cach point represents the mean & S.EM. of 4 plastic
flasks.

as 3 hr after withdrawal and consists mainly of vacuo-
lization. One day alter withdrawal (Fig. 4) two ad-
ditional phenomena arc apparent: there 15 a large
number of floating dead cells. and some of the cellular
expansions are detached. Between the 4th and 5th
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day after withdrawal the morphology of the surviving
cells begins to resemble control morphology. A guan-
titation of the barbiturate-related degeneration is pre-
sented in Fig. 5. Vacuolization increases drastically
during the first 24 hr after withdrawal and then de-
clines slowly. Cell deaths on the other hand peak on
day 2. Similar results were obtained with cultures of
glial cells exposed for shorter or longer periods of
time to pentobarbital. with the withdrawal reaction
varying only in the degree of severity and the du-
ration,

In order to establish whether those cells that did
survive withdrawal would eventually return to normal
growth characteristics, control cells were grown in
parallel with those that had been treated  with
S x 10 * M pentobarbital for 14 wecks as well as
those that had been withdrawn into drug-free medium
at day zero. Dead cells were identified by staining
them with Trypan blue, and only viable cells are plot-
ted in Fig. 6. It is readily apparent that barbiturate-
treated and barbiturate-withdrawn cells grow slower
than control c¢clls. From a time course of only 12
days 1t cannot be established whether the barbiturate
dependent cells reach stationary phase during  this
time. The barbiturate-withdrawn cultures reach a pla-
teau in the number of viable cells between days 4
and 6. Thus was found to correspond to the peak
of cell deaths observed. Thereafter. the surviving cells
enter their logarithmic phase ol growth during which
their growth rate is identical to that of untreated cells.
However, they do not remain in log phase for the
same period of time neither do they reach the same
cell density as control cells.

Based on the known existence of cross-tolerance
between barbiturates and atcohol i viro [3]. barbi-
turate-treated cultures (4 and 9 weeksy were “with-
drawn™ into a medium contwinimg 0-1 M ethyl alco-
hol. In Fig. 7 15 shown a representative photo taken

Fig. 4. Hamster astroblast ghial cells, exposed to 5« [0 7 M pentobarbital-Na for 4 weeks, followed
by withdrawal into normal medium for 1 day 1tMagnil, 200,
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Fig. 5. The effect of withdrawal from pentobarbital-Na on
cell viability of NN glial cells in culture. Cells were exposed
for 4 weeks to 5 x 107 * M pentobarbital-Na. followed by
withdrawal into drug-free medium at day zero. Dead cells
were counted by differential staining with trypan-blue and
neutral red. For the dead cells (O~ -©) cach point rep-
resents the mean + S.E.M. of 4 flasks. For the vacuolized
cells (A————A) cach point represents a mean + S EM.
count of 4 times 50 cells in a photomicrograph at 320 x
magnification.

The effect of barbiturate dependence
on cell growth(NN)
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Fig. 6. The effect of barbiturate dependence on cell growth
of NN glial cells in culture. Cells were grown for 14 weeks
in control medium or in 5 x 107* M pentobarbital. At day
zero they were subeultured with one half of the barbiturate-
treated culture withdrawn into drug-free medium. The
media dia were changed every second day and each point
represents the mean + S.ELM. of 4 flasks.

Fig. 7. Hamster astroblast glial cells. exposed to 3 x 107* M pentobarbital-Na for 4 wecks. followed
by withdrawal into cthyl aleohol containing medium for 4 davs (Magnil. 200 x ).
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The effect of BrDU on cell growth
in culture (NN)
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Fig. 8. The clfeet of 3-bromodeoxyuridine on cell growth
of cells in culture, Cells were subcultured into the presence

of normal medium (B W) and one containing
I x 10 °M bromodcoxyuridine (@ ®). The culture

medium was changed cvery second day. Each poimnt rep-
resents the mean + S.EM. of 4 flasks.

4 days after such substitution. As is readily appurent.
the barbiturate-induced morphological changes are
well maintained throughout this period. and no de-
generation or cell deaths were observed under those
conditions.

Comparison with the effects of S-bromodeoxyuridine
(BrdU7). Since BrdU is a well known differentiation-in-
ducing agent in tissuc culture, [11]. the effects of pen-
tobarbital-Na on glial cell morphology were com-
pared to those obtained with BrdU in the same cells.
A growth curve of NN glial cells in the presence and
absence of 1 x 10 3 M BrdU is presented in Fig.
8. Like pentobarbital (see Fig. 3) BrdU also decreases
growth rate. but degeneration and cell deaths occur
after a short period of exposure. Morphologically, the
most striking difference between the changes induced
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by pentobarbital and those induced by BrdU is the
lack of orientation in the cells treated with BrdU.
The cells are also enlarged with multiple extensions.
but after several passages cell number is considerably
less than that of untreated cells. Although it is difficult
to ascertain on purely morphological grounds. it
appears that the density of intracellular material is
less - BrdU-treated cells than in those exposed to
pentobarbital. Therefore. the morphological changes
induced by BrdU in glial cells appear 1o be different
than thosc induced by pentobarbital.

In order to establish whether the clfects observed
after withdrawal of pentobarbital were common (o
drugs producing differentiation-like  morphological
changes glial cells were likewise exposed to BrdU for
4 weeks and the cffect of withdrawal was tested. At
no time point after substituting normal medium were
there any degencrative changes. After several days,
the culture began to divide again. and cventually
attained normal appearance and normal cell number.
No cell deaths could be detected in the course of
a 4 day withdrawal period.

The effect of pentoburbital on the biochemistry of NN
glial cells

Direct ¢ffect on respiration. In order to observe the
direct effect of pentobarbital on glial cell metabolism,
normal glial cells were incubated in the Oxygraph
(sec Materials and Methods) and their oxygen con-
sumption was measured. After a minimum of 10 min
of stable respiration, drug was added in a constant
volume. Thus, cvery drug cffect could be expressed
as per cent of its own control respiration. The oxygen
consumption of glial cells in the absence and in the
presence of various doses of pentobarbital-Na as well
as of potassium chloride is presented in Table 1. As
can be scen, the basal respiration of ghal cells is a
stable phenomenon. and the rates obtained in this
study agree very well with those reported in the litera-
ture [12]. The addition of increasing doses of pento-
barbital-Na produces a progressive inhibition of glial
cell respiration, resulting in a 59", reduction in the
presence of 1 x 10 * M pentobarbital. The rate of
respiration stabilized within 2 -3 min after the addi-
tion of the barbiturate and the new rates are based
on a respiratory period of 15 min in the presence
of the drug. The addition of 100 mM KCl which is

Table 1. Direct cffeet of pentobarbital-Na and potassium chloride on the oxygen consump-
tion of ghal cells

(¢l O consumed/mg protein'min) x 10 -

Treatment™ Control Drug ", Change
5 x 10 * M pentobarbital 1526 + 1'65 (8) 10-29 + -89 (8) - 340
75 < 10 * M pentobarbital 1496 + 099 (6) 6-63 + 090% (6) — 51,
| x 10 ¥ M pentobarbital 1387 + 137 (9} 579 + 0871 (9) - 597
1443 + 230 4) L378 + 220 4 -0",

100 mM potassium chloride

All values represent means + standard error of the mean.

( ) Numbers of plastic (Falcon) tissue flasks (75 cm?®) used for a particular determination.
* Final concentration of pentobarbital-Na or potassium chloride in incubation mixture.

+ P < 005 compared to control values.
TP 001 compared to control values,
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Table 2. Oxygen consumption and glucose uptake of glial cells in tissue culture

(1l O,/mg protein/min)
x 1072

Culture medium*

(mg gluc.;mg protein hr)
x 1072

Normal medium
Medium containing

5 x 10 * M pentobarbital
Medium containing

3 x 107" M BrdU

1497 + 099 (6)
19:55 + 042+ (7)

25:00 + 8601 (5)

40-67 + 564 (8)
82:95 + 17-96% (8)

93-76 + 27631 (5)

All values represent means + standard error of the mean.
{ ) Numbers of plastic (Falcon) tissue flasks (75 cm?) used for a particular determination.

* 2 weeks culture period.

+ At least P < 005 compared to control values in normal medium.

known to stimulate respiration in cerebral cortical
slices [13] and isolated neurons [14] has no signifi-
cant eflect on NN glial cell respiration.

Effect of short-term exposure to pentobarbital on
glial cell metabolism and barbiturate sensitivity. The
cultivation of NN glial cells in barbiturate containing
medium for the duration of 2 weeks was defined as
short-term exposure. Table 2 summarizes the rates
of oxygen consumption and glucose uptake of glial
cells cultivated in media containing pentobarbital or
BrdU compared to those of parallel cultures in con-
trol medium. It should be pointed out that the actual
measurements were performed in the identical drug-
free buffer. As i1s rcadily apparent, respiration is sig-
nificantly increased in those cells that had been
exposed for 2 weeks either to pentobarbital or BrdU.
Glucose uptake is similarly increased, in the case of
the barbiturate-treated cells to a larger extent than
the oxygen consumption. The increases due to pento-
barbital or BrdU are not significantly different from
cach other.

In order to test for the possible development of
barbiturate tolerance in glial cells in culture, sensi-
tivity of cellular respiration to a challenging dose of
pentobarbital added directly to the oxygraph was
measured. The addition of 5 x 107* M pentobarbi-
tal-Na to control cells resulted in a reduction of ox-
ygen consumption by 43, (Table 3). In cells that had
been cultured in barbiturate-containing medium for
2 weeks the addition of the same amount of pentobar-
bital produced only a 13°, inhibition of respiration.
This proved to be a statistically significant reduction
(P < 0-05) in respiration, independent of the elevated
rate of respiration. Most importantly. however, the

extent of this reduction is significantly less than that
obtained in control cells.

Effect of long-term exposure to pentobarbital on ylial
respiration and barbiturate sensitivity. The cultivation
of NN ghal cells in barbiturate medium for 4 weeks
and longer was defined as long-term exposure. As can
be seen in Table 4 exposure of hamster glial cells
to pentobarbital for a period of 4 weeks induced
further changes in the rate of oxygen consumption.
One can no longer see an increased rate of respiration
in the barbiturate treated culture. Whether this return
to control levels was a reflection of true cellular
adaptation was tested by measuring the depressive
response of O, consumption to 1 x 107 M pento-
barbital. Although these barbiturate-treated cells have
a similar rate of O, consumption as control cells,
they are still less sensitive to this challenging dose
of pentobarbital (P < 0-05).

The effect of withdrawal from pentobarbiral on res-
piration and pentobarbital sensitivity. The effect of
withdrawal on the morphological appearance of bar-
biturate-dependent cells has been described in section
“long-term exposure and effect of withdrawal”. As
may be recalled, on the 5th day after withdrawal the
appearance of the withdrawn culture had recovered
normal glial cell morphology. The rates of O, con-
sumption at this same time point are presented in
Table 5. Withdrawn cells have an accelerated rate of
respiration when compared to control cells. Most
importantly, the depressive effect of a challenging
dose of pentobarbital is identical in both types of
cells. The addition of 1 x 10 * M pentobarbital
results in a reduction of 59, and 55°, in control and
barbiturate-withdrawn cells, respectively.

Table 3. The effect of short-term exposure of cultured glial cells to pentobarbital on pentobarbi-
tal sensitivity in vitro

(1l O, consumed;/mg protein/min) x 1072

5x 107*M
Culture medium* Control pentobarbital ., Depression
Normal medium 1491 + 1-:80 (4) 8:59 + 110t (4) —43°,
Medium containing
S x 107* M pentobarbital 2710 £+ 1-40% (5) 23-47 4+ 1-70% (5) -13°,

All values represent means + standard error of the mean.
() Numbers of plastic (Falcon) tissue flasks (75 cm?) used for a particular determination.

* 2 weeks culture period.

TP < 001 compared to control respiration of normal medium.
1 P < 005 compared to control respiration of barbiturate medium.
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Table 4. The effect of long-term exposure of cultured glial cells to pentobarbital on pentobarbital
SCNSitivity in citro

(1l Os consumed mg protein:min} » 10 °

Culture medium*

Normal medium
Medium containing
5 x 10" * M pentobarbital

Control
1387 + 137 (9)

1501 £ 1-53 (9)

I~ 10 * M
pentobarbital ", Depression
579 + 0-84% (9) — 597,

1148 = 3037 () KIC

All values represent means + standard error of the mean.
{ ) Numbers of plastic (Falcon) tissue flasks (75 em?) used for a particular determination,

*4 wecks culture period.

P < 001 compared to control respiration in normal mediun.
TP < 0:03 compared to barbiturate respiration in normal medium,

Table 5 The effect of withdrawal of pentobarbital from cultured glial cells on pentobarbital
sensitivity in vitro

(¢l O, consumed mg protein-min) x 10 -

Culture medium

Control

I x 10 *M

pentobarbital " Depression

Normal medium*
Medium containingt
5 x 107* M pentobarbital

13-87 + 137 (9)

21-59 + 2:59% (5)

579 + 0858 19) sy

9-74 + 1-62¢ (5)

All values represent means + standard error of the mean.

() Numbers of plastic {Falcon) tissuc flasks (75 cm?) used for a particular determination,
*4 weeks culture in normal medium followed by 4 days in normal medium.

14 weeks culture in pentobarbital followed by 4 days in normal medium.

TP < 005 compared to control respiration in normal medium.

§ P < 0:0f compared to control respiration in normal medium.

¢ P < 001 compared to control respiration in barbiturate medium.

DISCLSSION

Several facts can be unequivocally stated with
regard to the morphological effects of pentobarbital
on NN glial cells in culture. Pentobarbital induces
a distinct morphological alteration in glial cell
appearance and does so in a dose/time dependent
fashion. The fact that neither alcohol and morphine
nor bromodeoxyuridine induced similar changes can
be interpreted to meuan that the phenomenon
observed is not common to all CNS depressants nor
to known differentiation inducers. On the other hand,
the possibility of pentobarbital interacting with a con-
stituent of the medium and thus producing the
changes observed has not been ruled out. Neverthe-
less. this effect observed implies some specificity as
far as the barbiturate is concerned. Whether the bar-
biturate related morphological alterations arc induc-
ible in glial cells only. i.c. whether it is cell-specific.
can hardly be ascertained at present, since dividing
neurons are not yet available in culture. Pentobarbital
was tested in a neuroblastoma line (M1) and found
not to have any morphological effect. Assuming that

neuroblastoma cells in general are representative of

neuronal sensitivity [15,16] ccllular specificity of the
barbiturate-induced morphological changes in glial
cells could be implied. Further studies on different
neuronal-cell type preparations are presently in pro-
aress.

Secondly, the data indicate that dependence on
pentobarbital can be produced in normal hamster
glial cells in culture. This conclusion is based on the
two facts that (1) following withdrawal of the drug

severe degenerative changes are observed quantitati-
vely and qualitatively and (2) altered growth charac-
teristics are observed in the surviving cells. The me-
chanism of this dependence at the cellular level is
of great interest. It may reflect a sclection of some
resistant cells or an effect of gradual adaptation of
all cells. The fact that glial cells do not exhibit depen-
dence on bromodeoxyuridine. which is known to
cause a sclection of resistant cells. together with the
fact that the surviving cells do not rapidly regain nor-
mal growth characteristics may indicate an adap-
tation of all cells. The long-term persistence of these
changes is presently under mvestigation. Since barbi-
turate-adapted cells were found to be less sensitive
to the depressive effect of pentobarbital on oxygen
consumption and since barbiturate withdrawal wus
found to be blocked by ethyl alcohol. the barbiturate
adapted cells exhibit similar pharmacological charac-
teristics to what is observed in rviro | 3].

The preliminary biochemical assays reported here
were done to gain an understandig of the brochemi-
cal changes underlying  the  cellular  adaptation
observed. Tt was not surprising to find that pentobar-
bital, if added directly to normal respiring cells,
depressed oxygen uptake in a dose-dependent fashion.
since this has been reported to occur in numerous
cercbral preparations [ 13]. Prolonged cxposure of the
glial cells to the drug. however, resulted in increased
rates of respiration as well as of glucose uptake. The
same effect was found to occur following Jong-term
exposurc to BrdU. Therefore, it is impossible at this
point to decide whether the increased respiration s
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a function of the drug-induced cellular change or in-
dependently an effect of the drugs per sc, since differ-
entiation in neuroblastoma cells by other means is
known to coincide with increcased oxygen consump-
tion [18]. If there is a change in the sensitivity to
a challenging dose of pentobarbital then one can
assume that cellular tolerance has developed. There-
fore. our results showing a reduced response to pento-
barbital in those cells that had previously been
exposed to the drug signify the development of such
cellular tolerance. The possibility that it is due to in-
creased oxidative metabolism of pentobarbital and
thus reflecting metabolic tolerance cannot be ruled
out at present. This aspect is under investigation. The
fact that barbiturate-treated cells are cross-tolerant
with ethyl alcohol may be taken as an indicator that
additional adaptive processes have occurred that
changed the ccllular sensitivity indcpendent of
changes in metabolism.

It can be concluded thercfore. that glal cells in
culture provide a cellular system reflecting barbiturate-
induced tolerance and dependence, since: (1) morpho-
logical dependence on pentobarbital was demon-
strated in a qualitative and quantitative manner; (2)
the biochemical response to a challenging dose of
barbiturate was decreased and (3) blockade of with-
drawal sequelae could be achieved by an agent (eth-
anol) effective in vivo. Further, pentobarbital concent-
rations used were comparable to total brain levels
measured in animals having received an anecsthetic
dose. This is not to imply that the glial cell popula-
tion in vivo s specifically responsible for barbiturate
dependence. since it is known that non-cerebral cells
in culture exhibit dependence on CNS depressants
[18]. Nevertheless, normal ghial cells in culture thus
provide an excellent system to study the biochemical
mechanism of barbiturate tolerance and dependence
at the cellular level. How the findings presented here
may relate to those obtained in vivo is presently under
investigation.

weo 255

Acknowlegements The authors wish to express their ap-
preciation to Dr. J. Ciesielski-Treska for valuable consul-
tations in preparing the tissue culture.

REFERENCES

1. C. M. Gruber and G. F. Keyser, J. Pharmac. exp. Ther.
86, 186 (1946).

2. 1. H. Stevenson and M. I Turnbull. Br. J. Pharmac.
39, 325 (1970

31 Caldwell and P. S. Sever. Clin, Pharmac. Ther. 16.
737 (1974).

4. H. Remmer, in Scientific Basis of Druy Dependence (Ed.
H. Steinberg), p. 111, J. & A. Churchill, London (1969).

5. A, G. Ebert. G. K. W. Yim and T. S. Miya. Biochen.
Pharmac. 13, 1267 (1964).

6. B. F. Roth-Schechter. Biochem.
(1974).

7. L. Sutton and M. A. Simmonds. Biochem. Pharmac. 23,
1801 (1974).

8. M. Lindgvist. W. Kehr and A. Carlsson, Nawnyin-Sch-
micdebergs Archs. exp. Path. Pharmak. 284, 263 (1974).

9. J. H. Wedig and V. L. Gay. Neuroendocrinology 15,
99 (1974).

10. O. H. Lowry, N. J. Rosebrough. A. L. Farr and R.
J. Randall. J. hiol. Chem. 193, 265 (1951).

I1. D. Schubert and F. Jacob. Proc. natn. Acad. Sci. U.S.A.
67, 247 (1970).

12. L. Hertz, J. Neurochem. 13, 1373 (1966).

13. B. F. Roth and 1. A. Harvey, J. Pharmac. exp. Ther.
161, 155 (1968).

14. R. Hultborn and H. Hyden, Exptl. Cell Res. 87, 346
(1974).

15. R.A. de Lellis, A. A. Rabson and D. Albert, J. Histo-
chem. Cytochem. 18, 913 (1970).

16. J. C. Hermetet, J. Cicsielski-Treska and P. Mandel,
J. Histochem. Cytochenm. 20, 137 (1972).

17. I. Ciestelski-Treska. C. Nissen, L. Hertz. G. Tholey and
P. Mandecl. J. Physiol. Paris 65. 108A (1972).

18. G. Corssen and 1. A. Skora, J. 4m. med. Ass. 187,
92 (1964).

Pharmac. 23, 1545



