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Abstract Hamster astroblast glial cells (clone NN) in cell culture were exposed to from I × 10 ' 
to 3 × 10 3 M pcntobarbitaI-Na and from 1 × 10 s to 2.5 × 10 "~ 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 0.mounls of intracclhtlar material. Exposure of the cells to morphine up to 6 wecks 
resulted in u dose-correlated decreased rate of proliferation, but no specific morphological aheration 
could be observed. The morphological changes induced in cultured glial cells by pentobarbital were 
accompanied by an increase in oxygen consumption (35 451'~,) as well as an increase in glucose uptake 
O0 110";,). These effects 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 signifying the development of cellular tolerance. After having cultured the cells in 
barbiturate for 4. 9 or 14 weeks, normal medium was substituted. This resulted in severe degenerative 
changes and cell deaths as well as altered growth characteristics in the surviving cclls, 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 t reatment  with barbi tura te  
[1 ,2]  is due to a combinat ion  of at least two me- 
chanisms:  an increased hepatic metabol ism and a cen- 
tral adapta t ion at the cellular level [3]. In the case 
of the former it seems that  tolerance to the shorter 
acting barbi turates  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- 
bi turate  action increases the extent of central  nervous 
system (CNS) adapta t ion  becomes progressively 
greater [4]. As far as central cellular adapta t ion 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 barbi tura te  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 interpretat ion 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,  bo th  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 condit ion es- 

sential in studying mechanism and locus of adap- 
tat ion at the cellular level. 

In the present study cell culture of hamster  glial 
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  mammal ian  cells, a l though 
they are of embryonic origin. Pentobarbi ta l  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 barbi tura te  can be produced 
in a homogeneous  glial cell populat ion in cell culture, 
whether tolerance to the depressive action of barbi tu-  
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 pentobarbi ta l  on some morphological  
and biochemical aspects of normal  glial cells in cul- 
ture. 

MATERIALS AND METHODS 

Cell cuhure. Hamster  astroblast  glial cells (clone 
NN)  were obtained from Nor th  American Biologicals, 
Inc. They were grown in plastic Falcon flasks (75 cm 2 
and 25 cm 2) at 37" in 5";; COz 951~g air a tmosphere  
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 025",, trypsin at a rate of once per week. 
The cells were subcultured at the approximate con- 
ccntration of,~ × I1)" cells/75 cm 2 flask and 1"5 × I(Y" 
cells25 cm 2 flask. Pentobarbital-Na (Abbott) was 
added to the culture medium m final concentrations 
ranging from I × 10 5 M t o 3  x 10 3 M for various 
periods of time up to a total of 14 weeks. Pentobarbi- 
tal was initially added at the time of subculturing, 
i.e. Io 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 7-0 _+ 0.4 units. Unless stated otherwise for each 
series of experiments untreated glial cells of the same 
subculture and the same cell density served as con- 
trois. 

For the biochemical assays the cultures were ex- 
posed to 5 × 10 4 M pentobarbital-Na according to 
three different schedules:  short - term exposure  was de- 
l ined as cultivation in pentobarbital-Na for 2 weeks. 
Long-term exposure was defined to range from 4 to 
8 weeks of growth in the presence of the drug. With- 
drawal was defined as substituting drug-free culture 
media in cells previously grown m 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 
the\ were tbllowed every' hour for the first 12 hr. after 
thai on a daily basis. The cultures were observed 
through an inverse phase-contrast microscope (Leitz, 
Wclzlar}. and photos ~ere takcn at wtrious intervals 
using lllbrd Pan F" blackwhite  lilm. 

Biochemical assays. 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 m a n -  
nor. The .ceils \wre rinsed three times with glucose- 
free buffer and then harvested into 5 ml of buffer 
b\ the aid of a rubber spatula. They were centrifuged 
at 500 rex rain for 5 rain and resuspended in 50 to 
10() Id of the final incubation buffer which consisted 
of the follo\xing: IpH 7'3i, 150 mM NaC1, 3"0 mM 
KCI, 1.0 mM ('a( 'le. 0"6 mM MgCI> 6-0 mM glucose. 
9.0 mM NaeHPO4, 17 mM KH2PO4. The tinal 
\ olume of inctlhalion medium was 1.65 ml, and incu- 
batiun was carried out at 37 . The standard used tbr 
calibration was the oxidation of NADH by catalase 
in lhc presence of 0.2",, phenazine methosulfate. 

In the experiments establishing the direct effects of 
pentobarbital-Na and KC1 on the oxygen consump- 
tion of normal glial cells, the drugs were added to 
the incubation chamber in a volume of 50 1*1 of buffer 
afler oxygen uptake had been linear for at least I0 
nfin. In the experiments establishing the sensitMty 
of differently pretreated cells to a challenging dose 
of pentobarbital the barbiturate was also added in 
a vohune of 50 ,el of buffer directly into the incuba- 
lion 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 each determination, the cells were removed, 
the incubation chamber rinsed and the cells washed 
three times with buffer. Protein content of each incu- 
bation sample \~as determined according lo the 
method of Lowr 3 t,l a/. [10]. The cells used in each 
LIs;S~I\ were Jotlnd Io represent all ;./nlotult O[" total pro- 

tern between O.N mg and 1.4 rag. Respiralory ralcs 
werc expressed in vl ():  constmlcd Illg prolein rain. 

Glucose uptake was measured i l l  tl Beckman atllo- 
matic analyzer according to the tbllowing procedure. 
After removal of the cuhure medimn, lhe cells were 
detached by the use of a rubber spatula and rinsed 
twice with glucose-free buffer. AI time zero 2'5 ml 
of glucose-containing bullbr was addcd, a control 
sample of 50 ul ×,,as token, and the cells ~e,-e incu- 
bated at 37 for 2 hr: at '&at time the incubation 
medium was centrifuged at 5000 ~t l\>r 5 nfin and ght- 
cose content of the meditun was determined m tripli- 
cate of 50/zl each. Protein content of each incubation 
sample was measured according to the method of 
Lowry' et al. [10]. The difference between glucose con- 
tent at lime zero and at 2 hr was calculated, and 
glucose uptake was expressed as mg glucose taken 
up from the media mg protein hr. 

NADH,  catalase and phenazmc methosulfalc were 
procured from Sigma Chemical ( 'ompany. all oilier 
chemicals used were of highest laboratory grade 
{Merck). ]-'he data were analysed by the Student l-lesl 
(2-tailed). 

RESUI. IS 

Tiw q~]bcr of lWnloharhila/ on flw morpholo~/y O! .\'N 
glial cells 

Dose-response re/aHonship. Normal hamster glial 
cells (NN clone) are known to retain their astroblasl- 
like appearance (Fig. 1) without any xisible extensions 
and prolongations. Their shape is almost round, and 
they contain large amounts of plasma with several 
nucleoli. 

Addition of pentobarbital-Na to the tissue cuhurc 
media induces a characteristic change in the morpho- 
logy of these hamster glial cells (Fig. 2). The cells 
are elongated and enlarged with processes extending 
from the perikaryon. They are oriented m a parallel 
fashion. The number of nucleoli per cell is increased. 
Based on a count of 200 cells in each group it was 
found that control cells contained 2,645 ± 0.075 nuc- 
leoli, whereas barbiturate-treated cells 15 × 10 "* M 
for 4 weeks) contained 3-735 _+ 0118 nuclei 
(P < 0.001). The occurrence of lhis barbiturate-in- 
duced appearance was 15und w be a fnnctior~ of the 
dose of pentobarbital as well as of the time of expo- 
sure. The concentralions of pcntobarbital studied 
ranged from 1 × 10 ~ M Io 3 × 10 ~ M in the cul- 
ture media. The minimally effectixe dose was found 
to be 1 × 10 4 M with a mminml duration of expo- 
sure of 2 weeks, and a concentration of 3 × 10 -~ M 
was found to bc lethal wiflfin 4 5 days. The inverse 
relationship between concenlration of pentobarbital 
and time of exposure existed throughoul the entire 
dose range studied. The growth characteristics of the 
most frequently used doses of pentobarbital and mor- 
phine hydrochloridc are shown in l:ig. 3. The grou, th 
rate is reduced by penlobarbilal as well as by r o o f  
t6hine, but the duration of logarithmic phase growth 
is the same as m untreated cells. At the dose of 
5 x 10-4- M pentobarbitaI the earliest time point of 
any morphological change was after 3 days of expo- 
sure, i.e. alter at least one and one half generation 
time the whole cuhurc being completely changed after 
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Fig. I. Hamster astroblast glial cells, clone NN, untrcated IMagnif. 200× ). 

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

Lony-term exposure and q[li'ct of withdrawal. The 
results establishing long-term barbi tura te  exposure 
and barb i tura te  dependence were obtained with cul- 
tures grown in a pentobarbi ta l  concentrat ion of 
5 × 10 -~* M for a min imum of 4 weeks and a maxi- 
mum of 14 weeks. No addit ional  morphological  
changes were seen to occur once the culture had at- 
tained the barbi turate-related appearance. 

In an a t tempt  to elucidate whether this effect is 
a general effect of central nervous system depressants, 

glial cells were likewise exposed to various concen- 
trat ions of morphine  hydrochloride (1 × 10 s M to 
2.5 x 10 ~ M) and ethyl alcohol {0-1 Mt for periods 
up to 6 weeks. In no case was there any change in 
the morphology' of glial cells in culture, a l though the 
rate of growth is reduced by both drugs. 

In order to ewtluate whether glial cells can become 
dependent on pentobarbi ta l-Na,  half of the culture 
was withdrawn after 4 weeks of exposure, while the 
other half remained exposed 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. Hamstcr astroblast glial cells, clonc NN, exposed to 5 × 10 4 M pentobarbital-Na for a period 
of 2 weeks (Magnif 200 x ). 
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Fig. 3. The cl'lcct of pcnlol'~arbilaI-Na and naorphillc 
hydrochloridc on cell gi'ox~th o1" NN glial cells in culture. 
(-'ells wcrc subcuhurcd into cOiilltll illcdium i t  I k  
medium containing 2.5 × 10 "*M lnorphinc h)drochloridc 
(O i )  and contaill ing 5 >" Ill aM pcntobarbitaI-N~l 
I'V 'IV). ('tili.urc lncdiuili \',as cimngcd ever', second da\ 
alld each point represents lhc lllt_xln i ~.[{.,i%,.1. of 4 plaslic 

flasks. 

as 3 hr after w i thdrawa l  and consists ma iMy of VaCLiO- 
l ization. One day after w i thdrawal  Wig. 4) t ~o  ad- 
d i t ional  pherlomen;.i uro apparent: there is a large 
n u m b e r  of floating dead cells, and some of the cellular 
expansions are detached. Between lhe 4th and 5th 

day after withdrawal the morphology of the sur~,iving 
coils begins to resemble control morphology. A q u a n -  
t i t a l i o n  of the barbiluratc-rclalcd dcgenerLltioll is pre- 
sented in Fig. 5. Vacuol izat ion increases drastical ly 
dtlring tile tirsi 24 hr after withdrawal and thell de- 
clines slowly. Cell deaths oil 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 pcntobarbilal, with tile withdrawal reaction 
varying ()ill; in the degree of severity and the du- 
ratiOll. 

In oMcr  to establish whether those cells thai  did 
sur;'i~e w i thdrawal  x~ould cvenhia l ly  return to normal  
growth characteristics, control cells wore growll in 
paral lel  wi th those that had been treated with 
5 × 10 ~ M pentobarb i ta l  for 14 weeks as well as 
those thqt had been withdra\~.n into drug-free medium 
tit day zero. Dead cells were identit ied by staining 
them with Trypall blue, and only \table cells are plot- 
ted in Fig. 6. It is readi ly apparent that barbiturate- 
treated and barbiturate-withdrawn cells grow slower 
than contro l  d i s .  I-rom a t ime course of only 12 
da',s it o:lilnot be eslablished whether the barbiturate 
dependent cells reach stat ionary phase during this 
tilnc. The barb i tura ic- \~ i thdraun cultures reach a pla- 
teatl in the ntinlbcr of \table cells bet~,een days .4- 
and 6. This \\as l imnd to correspond to the peak 
of  coil deaths observed. thereaf ter .  tilt surv i \ ing  culls 
ei l ter their logar i thnf ic phase of  growth dur ing which 
t lwi r  growth tale is identical to thai of  untreated culls. 
t l o~cxe l ,  the\ cto not relnahl in log phase for the 
s:illlc,' per iod of l ime neither do lhe} rcqch lhc same 
cell densi i ;  as control  cells. 

Based on t h e  kllt l t ,  Vl] existence of cross-tolerance 
bclwecll barbiturates alld alcohol in rite [3]. barbi- 
turate-treated cultul-c<4 14 and 9 weeksl were "'witln- 
d r d w n '  in lo a medium contain ing 01 ]VI et l ly l  alco- 
hol. In Fig. 7 is shoran a representative photo  taken 

Fig..4. Hamster aslrobiast gLial cdis. cxpc,,;cd to 5 ~ fO ~ M ~cnl,.fl~mq-,htit-~a tot 4 \~cck~. t'oIl,.~x,,cd 
b\ v, il|ldra'~t<a] JlllO llOi-Illtil lllcdJti]11 i'HI ] ctti\ IMiI~Ili[. 2()() , I. 
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Fig. 5. The effect of withdrawal from pentobarbitaI-Na on 
cell viability of NN glial cells in culture. Cells were exposed 
for 4 weeks to 5 × 10 4. M pentobarbilal-Na, followed by 
withdrawal into drug-free medium lit day zero. Dead cells 
were counted by difl'crential staining with trypan-bhie lind 
neutral red. For the dead cells (CY - ©) cacti point rep- 
resents the mean + S.E.M. of 4 flasks. For the vacuolizcd 
cells (i, - A )  each point represents a mean + S.E.M. 
count of 4 times 50 cells in a photomicrograph :it 320 >~ 
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Fig. 6. The effect of barbiturate dependcnce on cell growth 
of NN glial cells in culture. Cells were grown for 14 weeks 
m conlrol medium or in 5 × 10 4. M pentobarbital. At day 
zero the3 were stlbctilturcd ~;ith one half of the barbiturate- 
hcatcd cuhure x,,ithdra;,,n into drug-free medium. The 
media dJa wcrc changed ever\ second day and each point 

represents the mean + S.E.M. of 4 flasks. 

Fig. 7. Hamster asirohlasl glial cells, exposed to 5 × 10 4. M pcntobarbiial-Na for 4 weeks, followed 
by v,,ilhdrav, al into clh',l alcohol containing mediunl for 4 da,,s (Magn i f  200× I. 
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Fig. 8. The cl'i'cct of 3-bromodcox3uridinc oil cell growth 
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] x 10 ~M broinodcox3tuidilK' i l  I) .  TilL" culture 
medium ,,,,;is changed cvcr,~ second day. [_:ach petal rep- 

resents lhc mean + S.[{.M. of 4 flasks. 

4 days  after such subsi i iut ion.  As is readily apparent .  
the ba rb i tu ra te - induced  morpho log ica l  changes  are 
well main ta ined  th roughou t  this per iod,  and no de- 
genera t ion  or cell dea ths  were obserx.cd under  those 
condi t ions .  

Compari.~on with lhe q[](,cl.'; q! 5-hromodeoxyuridim, 
(Brdl,:). Since g , d U  is a wcll known  different iat ion-in-  
ducing  agent  in tissue 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 N N  glial cells in the presence and 
absence of 1 × 10 5 M BrdU is presented in Fig. 
8. Like pen tobarb i t a l  (see Fig. 3) BrdU also decreases  
g rowth  rate. but degenera t ion  and cell dea ths  occur 
after a short  per iod of  exposurc.  Morphologica l ly ,  the 
n'lost str iking difference between the changes  induced 

by pcntoburbi ta l  and those induced by BrdU is the 
lack of orientation in tile ceils trcated with B rd [ .  
Thc cells are also crllal+gcd with nmii iplc  extensions.  
but after several passages cell number  is considerubl, ,  
less than lllat of  t lnlrealcd cells. Al though il is diflicuh 
tO ascertain oll ptlrcl,, mori-HlologicaI grounds, it 
appears tirol the dcnsil} e l  intracellular material is 
less in Bld tJ - t rca tcd  ceils than in Ihosc exposcd to 
pentobarbital. Therefore. lhc lnc)rl)hologicul changes 
reduced by Brdl.; m glial cells al~pcar to be diff0renl 
than those induced b~ pcntol~arbilul. 

1il o rder  to esiablish whethcr  Ilk' cl]ccls observed 
after x~ithdrawul of pcntoburbital \~crc t e n ,  moil to 
dil.igs prodticing diffcrential ion-l ikc morl~hok)gical 
changes  glial cells wcrc likcx~isc cxposcd to BMU t\~l- 
4 weeks and the elli~cl of  ~,~,ithdru\,~al ~,~,as lcsted. At 
no lime point ~lflcr subsli lul ing normal medium were 
tllerc an\  degencrati\c clmngcs. ,\flcr several du3s, 
the ctilttlrc' began to divide clguiil. 411d c\entua]l , ,  
a t ta ined norl-nM apl~earance and normal  cell number .  
No  cell dca lhs  could  bc dclcctcd in Ihc course  of 
a 4 da\ vxithclra~al period. 

The q~bct qi lwnt,harhitul . ,  thu hiochemistrv ~?/ NN 
tllial cell:, 

Direct qOect on respiration. In order  io observe the 
direct effect o f  pen tobarb i ta l  on glial cell metabol ism,  
normal  glial ceils were incubated m the Oxygraph  
(see Mater ia ls  and Methods)  and their oxygen con- 
sumpt ion  was measured.  After a m i n i mum of  10 min 
of  stable respirat ion,  drug was added  m a cons t am 
volume. Thus, e~ery drug effect could be expressed 
as per cent of  its own control  respirat ion.  The oxygen 
c o n s u m p t i o n  of  glial cells in the absence  and in the 
presence of  various doses  of pen tobarb i t a I -Na  as well 
as of  po t a s smm chlor ide is presented in Table 1, As 
can be seen, the basal respira t ion of  glial ceils is a 
stable p h e n o m e n o n ,  and the reties obta ined in illis 
s tudy agree very well with those repor ted  in the litera- 
ture [12]. The addition of increasing doses of pento- 
barbital-Na produces a progressive inhibition of glial 
cell respirat ion,  result ing in a 59",, redtiction in file 
presence of  1 × t0 3 M pentobarbi ta l .  The  rate of 
respiration stabilized within 2 3 min after the addi-  
tion of  the barb i tura te  and the new rates are based 
on a respira tory  period of 15 min in the presence 
of the drug. The addi t ion of 100 rnM KCI which is 

Table 1. Direct cllbct of pcnlobarbilal-Na and potassium chloride on the oxygen consump- 
tion of glial cells 

(Id O2 consumedmg protein rain × 10 2 
Trcalmcnt* ( 'onhol Drug ". ('hangc 

5 × 10 .t M peniobarbilal 
7.5 ,'< It) s M pcntobarbital 
1 × 10 ~ M pcntobarbital 
100 mM potassiuln chloride 

15.26 + 1-65 (8) 10-29 ± /).894 (8) 34",, 
14.96 ± 0.99 (6) 6.63 ± 0.90 + (6) -51",, 
1387 4 137 (9) 5.79 ± ()-b;7~ ~. (9) -_~9",, 
1443 ± 230 (4i 1378 ± 2-20 14) (¢'. 

All ',alues represent means + standard error of the mean. 
I Numbers of plastic (FalconI tissue flasks (75 cm21 used for a particular determination. 
Final cuncentralion of pcmobarbital-Na or potassium chloride m incubalion illixtui'c. 
P - 0.05 COlllptlrcd I 0  conlrol '.aitlCS. 
P < I)-OI compared to control \alues. 



Barbiturate tolerance and dependence in hamster cells 

Table 2. Oxygen consumption and glucose uptake of glial cells in tissue culture 

569 

Culture medium* 
lid O2:mg protein/min) (mg gluc./mg protein/hr) 

x 10 2 x 10 2 

Normal medium 
Medium containing 

5 x 10 "* M pentobarbital 
Medium containing 

3 x 10 ~' M BrdU 

14'97 + 0"99 (6) 

19"55 ± 0'42+ (7) 

25'00 + 8-60+ 151 

40"67 + 5-64 (8) 

82-95 ± 17'96t (8) 

93-76 ± 27'63t 15) 

All ~,alues represent means + standard error of the mean. 
I I Numbers of plastic (Falconl tissue flasks (75 cm 2) used for a particular determination. 
* 2 weeks culture period. 
+ At least P < 0.05 compared to control values in normal medium. 

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

E~ect of  short-term exposure to pentobarhital on 
ylial cell metabolism and barbiturate sensitivity. The 
cultivation of NN glial cells in barbi tura te  containing 
medium for the durat ion of 2 weeks was defined as 
short- term exposure. Table 2 summarizes the rates 
of oxygen consumpt ion  and glucose uptake of glial 
cells cultivated in media containing pentobarbi ta l  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 is readily apparent ,  respiration is sig- 
nificantly increased in those cells that  had been 
exposed for 2 weeks either to pentobarbi ta l  or BrdU. 
Glucose uptake is similarly increased, in the case of 
the barbi turate- t reated cells to a larger extent than 
the oxygen consnmption.  The increases due to pento- 
barbital  or BrdU are not significantly different from 
each other. 

In order to test for the possible development of 
barbi tura te  tolerance in glial cells in culture, sensi- 
tivity of cellular respiration to a challenging dose of 
pentobarbi ta l  added directly to the oxygraph was 
measured. The addit ion of 5 x 10 ~4 M pentobarbi-  
tal-Na to control cells resulted in a reduction of ox- 
ygen consumpt ion by 43~',, (Table 3). In cells that  had 
been cultured in barbi tura te-conta in ing medium for 
2 weeks the addit ion of the same amount  of pentobar-  
bital produced only a 13",, inhibit ion 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. 

EfJbet of  long-term exposure to pentoharbital on ,qlial 
respiration and barbiturate sensiticity. The cultivation 
of N N  glial cells in barbi tura te  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 pentobarbi ta l  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 barbi turate  treated culture. Whether  this return 
to control  levels was a reflection of true cellular 
adaptat ion was tested by measuring the depressive 
response of 0 2  consumpt ion  to 1 × 10 3 M pento- 
barbital.  Although these barbi turate- treated cells have 
a similar rate of 0 2  consumpt ion  as control  cells. 
they are still less sensitive to this challenging dose 
of pentobarbi ta l  (P < 0"05). 

The efJbct of  withdrawal ,lrom pentoharbital on res- 
piration and pentobarhital sensiticity. The effect of 
withdrawal on the morphological  appearance of bar- 
bi turate-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 02  con- 
sumption at this same time point are presented in 
Table 5. Wi thdrawn cells have an accelerated rate of 
respiration when compared  to control  cells. Most  
importantly,  the depressive effect of a challenging 
dose of pentobarbi ta l  is identical in both types of 
cells. The addit ion of 1 x 10 3 M pentobarbi ta l  
results in a reduction of 59"0 and 55°; in control  and 
barbi turate-withdrawn cells, respectively. 

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

(id 02 consumed/mg protein/min) x 10 2 
5 x t 0 4 M  

Culture medium* Control pentobarbital 0,, Depression 

Normal medium 14.91 7 1.80 (4) 8.59 ± 1.10+ (4) -43°,] 
Medium containing 

5 × 10 "* M pentobarbital 27.10 ± 1.401 (5) 23-47 _+ 1.70+ + (5l - 13°,; 

All values represent means + standard error of the mean. 
( I Numbers of plastic (Falcont tissue flasks (75 cm 23 used for a particular determination. 
* 2 weeks culture period. 
t P < 0.01 compared to control respiration of normal medium. 
+ P < 0-05 compared to control respiration of barbiturate medium. 
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Table  4. The effect of long- term exposure  of ct l l tured glial cells to pcntol'~arbiliil on I~enlohzirl-~iilll 
sensi t ivi ty i~/ vitro 

(t~1 O2 consumed mg pro{tin mini * 10 2 
I >, 10 ~ M 

('Ullure medium* ( 'oni ro l  l')cnlt)b~lrl-)ii',ll "<, Depression 

Normal mcdium 13.87 ± 1.37 (91 5-79 2 0.84+ 191 5~",, 
Medinm containing 

5 × I0 "~ M pentobarbilal 15.01 :- 1.53 (91 11.48 27 303:1:101 31", 

All ,,alues represent means ± standard error of the irlean. 
I ) Nunlbers of plastic (Falcon) tissue flasks (75 cm 2) used for a p~lrticular dclcimirl~ltion. 
* 4 weeks culture period. 
4- p < 0.01 compared to control respiration in normal meditml. 
~: P < 0.05 compared to barbiturate respiration in normal medium. 

Table 5. The effect of withdrawal of pcntobarbital from cultured glial cells on pentohalrhil;ll 
sensitivity i*I v i t ro  

(id O~ consumed mg prolein mini x 10 -' 
I x I() : M  

('uhtu'e medium Control pentobarhital ",, Depression 

Normal medium* 13-87 .+ 1.37 (9) 5-79 ± 0.85~ It)) 59". 
Medium containing1" 

5 × 10 4 M pentobarbital 21-59 ± 2.59~ (51 9-74 + 1-~'~2" (51 55". 

All ,,alues represent means + standard error of the mean. 
( I Numbcrs of plastic (Falcon) tissue flasks 175 cm 2) used for a particul~u" dclcrminalion. 
* 4 weeks culture in normal medium followed by 4 days in normal medium. 
t" 4 weeks culture in pentobarbiial followed by 4 days in nornlal medium. 
+ P < 0"05 compared to control respiralion in normal medium. 
§ P < 0.01 compared to control respiration in normal medium. 

P < 0"01 compared to control respiration in barbiturale meditml. 

I)IS('L SSION 

Several facts can be unequivocally staled with 
regard to the morphological  effects of pentobarbi ta l  
on NN glial cells in culture. Pentobarbi ta l  induces 
a distinct morphological  al terat ion in glial cell 
appearance and does so in a dose/t ime dependent  
fashion. The fact that  neither alcohol lind morphine  
nor bromodeoxyuridine  induced similar changes can 
be interpreted to mean that  the phenomenon  
observed is not common to all CNS depressants nor  
to known differentiation inducers. On the other hand, 
the possibility of pentobarbi ta l  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 speciticity as 
far as the barbi tura te  is concerned. Whether  the bar- 
biturate related morphological  al terat ions are induc- 
ible in glial cells only. i.e. whether it is cell-speciIic, 
can hardly be ascertained at present, since dividing 
neurons are not yet available in culture. Pentobarbi ta l  
was tested in a neuroblas toma line tM1) and found 
not to have any morphological  effect. Assuming that 
neuroblas toma cells m general arc representative of 
neuronal  sensitivity' [I 5, 16] cellular specificity of the 
barbi turate- induced morphological  changes in glial 
cells col,lld be implied. Further  studies on dill'trent 
neuronal-cell  type preparat ions are presently, in pro- 
gress. 

Secondly, the data indicate that  dependence o n  
pentobarbi ta l  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 

sexere degenerative changes are observed quanti tat i-  
vely lind qualitatixely and (2) altered gro\~th charac- 
teristics are observed in tile surxiving cells. The me- 
chanism of this dependence at the celhllar level is 
of great interest. It rnav rellcct a selection of some 
resistant cells or an effect of gradual adaptat ion of 
all cclls. The fact that glial cells do not exhibit depen- 
dence on bromodcoxyuridine,  which is known to 
cause a sclection o f  resistant cells, together with the 
fact that the surviving cells do not rapidly regain nor- 
mal growth characteristics ma~ indicate an adap- 
tation of all cells. The lorig-lerm persistence of these 
changes is presently under investigation. Since barbi- 
turate-adapted cells were tound to be less scnsitixc 
to the depressive eft'oct of pentobarbiti l l  on oxygen 
consumpt ion  and since barbi tura te  ,a i thdra~al  was 
R)und to bc blocked b \  e th \ l  alcohol, the barbJttlralc 
adapted cells exhibit sinlilar pharmacological  charac- 
teristics to wh~it is obscrxcd DI cite [3]. 

Thc preliminary biochemical assios reported herc 
were done to gltin an understanding ~)1 the biochemi- 
cal changes underlying the celhllar adaptat ion 
observed. It \',its not surprising to lind that I-~entobar- 
bital, it added directly to l~ormal respiring culls, 
dcpressed oxygen uptake ii~ a dosc-dcpcndcnt fashion. 
since this has bcci~ reported to occur in nunlerous 
cerebral prepaf~llions [13]. Prolonged cxposurc o f  the 
glial cells to lhc dlug, ho\~cver, resulted in increascd 
rates of respiration its well as of glucosc uptake. The 
same ett'cct was found to occur following long-term 
cxposurc to Brdl;.  Fhcrclk~rc, it is impossible at this 
point to decide \~'hether the increased respiration is 
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a function of the drug-induced cellular change or in- 
dependently an effect of the drugs per se, since differ- 
ent iat ion in neuroblas toma cells by other means is 
known to coincide with increased oxygen consump- 
tion [18]. If there is a change in the sensitivity to 
a challenging dose of pentobarbi ta l  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 signi~, the development of such 
cellular tolerance. The possibility that  it is due to in- 
creased oxidative metabolism of pentobarbi ta l  and 
thus reflecting metabolic  tolerance cannot  be ruled 
out at present. This aspect is under  investigation. The 
fact that  barbi turate- t reated cells are cross-tolerant 
with ethyl alcohol may be taken as an indicator that 
addi t ional  adaptive processes have occurred that  
changed the cellular sensitivity independent  of 
changes in metabolism. 

It can be concluded therefore, that  glial cells in 
culture provide a cellular system reflecting barbiturate-  
induced tolerance and dependence, since: (11 morpho-  
logical dependence on pentobarbi ta l  was demon- 
strated in a qualitative and quanti tat ive manner :  (21 
the biochemical response to a challenging dose of 
barbi tura te  was decreased and (3) blockade of with- 
drawal sequelae could be achieved by an agent (eth- 
anol) effective in vivo. Further ,  pentoharbi ta l  concent- 
rat ions used were comparable  to total brain levels 
measured in animals having received an anesthetic 
dose. This is not to imply that  the glial cell popula- 
tion in viro is specifically responsible for barbi tura te  
dependence, since it is known that  non-cerebral  cells 
in culture exhibit dependence on CNS depressants 
[18]. Nevertheless, normal  glial cells in culture thus 
provide an excellent system to study the biochemical 
mechanism of barbi tura te  tolerance and dependence 
at the cellular level. How the findings presented here 
may relate to those obtained in rico is presently under 
investigation. 
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