
PREPARATI ON OF SEPARATE ASTROGLI AL

AND OLI GODENDROGLI AL CELL CULTURES

FROM RAT CEREBRAL TI SSUE

KEND. McCARTHY and JEAN DE VELLI S

Fr om t he Labor at or y of Nucl ear Medi ci ne and Radi at i on Bi ol ogy, Ment al Ret ar dat i on Resear ch

Cent er , and t he Depar t ment s of Anat omy and Psychi at r y, Uni ver si t y of Cal i f or ni a, Los Angel es,

School of Medi ci ne, Los Angel es, Cal i f or ni a 90024 . Dr . McCar t hy' s cur r ent addr ess i s t he

Depar t ment of Phar macol ogy, Uni ver si t y of Nor t h Car ol i na, Chapel Hi l l , Nor t h Car ol i na 27514

ABSTRACT

A novel met hod has been devel oped f or t he pr epar at i on of near l y pur e separ at e
cul t ur es of ast r ocyt es and ol i godendr ocyt es . The met hod i s based on ( a) t he

absence of vi abl e neur ons i n cul t ur es pr epar ed f r ompost nat al r at cer ebr a, ( b) t he
st r at i f i cat i on of ast r ocyt es and ol i godendr ocyt es i n cul t ur e, and ( c) t he sel ect i ve

det achment of t he over l yi ng ol i godendr ocyt es when exposed t o sheer f or ces

gener at ed by shaki ng t he cul t ur es on an or bi t al shaker f or 15- 18 h at 37 ° C.
Pr epar at i ons appear >98%pur e and cont ai n - 1- 2 x 10' vi abl e cel l s ( 20- 40 mg of
cel l pr ot ei n) . Thr ee met hods wer e used t o char act er i ze t hese t wo cul t ur e t ypes .

Fi r st , el ect r on mi cr oscopi c exami nat i on was used t o i dent i f y t he cel l s i n each

pr epar at i on ( mi xed and separ at ed cul t ur es of ast r ocyt es and ol i godendr ocyt es)

and t o assess t he pur i t y of each pr epar at i on . Second, t wo ol i godendr ogl i al cel l

mar ker s, 2' , 3' - cycl i c nucl eot i de 3' - phosphohydr ol ase ( EC 3 . 1 . 4. 37) and gl ycer ol

phosphat e dehydr ogenase ( EC 1 . 1 . 1 . 8) wer e moni t or ed . Thi r d, t he r egul at i on of

cycl i c AMPaccumul at i on i n each cul t ur e t ype was exami ned. I n addi t i on t o t hese

st udi es, we exami ned t he i nf l uence of br ai n ext r act and di but yr yl cAMP on t he

gr oss mor phol ogy and ul t r ast r uct ur e of each pr epar at i on . These agent s i nduced

ast r ogl i al pr ocess f or mat i on wi t hout any appar ent mor phol ogi cal ef f ect on ol i go-

dendr ocyt es . Col l ect i vel y, t he r esul t s i ndi cat e t hat essent i al l y pur e cul t ur es of

ast r ocyt es and of ol i godendr ocyt es can be pr epar ed and mai nt ai ned . These pr ep-

ar at i ons shoul d si gni f i cant l y ai d i n ef f or t s t o exami ne t he bi ochemi st r y, physi ol ogy,

and phar macol ogy of t hese t wo maj or cl asses of cent r al ner vous syst em cel l s .

The cel l ul ar het er ogenei t y of t he cent r al ner vous

syst em has l ar gel y pr event ed i nvest i gat or s f r om

descr i bi ng t he bi ochemi cal char act er i st i cs of wel l -

def i ned cel l popul at i ons wi t hi n t hi s syst em. To

ci r cumvent t hi s pr obl em, we and ot her s have di -

r ect ed our ef f or t s t owar d devel opi ng new t ech-
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ni ques t hat coul d be used t o pr epar e homogeneous

popul at i ons of neur ons, ol i godendr ocyt es, or ast r o-

cyt es ( 1, 4, 7, 13, 15, 20, 25) . The separ at i on of

cel l s i n pr i mar y cul t ur e has a number of advan-

t ages over ot her met hods of t en used t o pur i f y

br ai n cel l s ( 20) . As a r esul t , we have concent r at ed
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our ef f or t s on st udyi ng t he gr owt h of br ai n cel l s i n

cul t ur e i n t he hope of usi ng di f f er ences i n t he

pr oper t i es of t hese cel l s t o devel op a met hod of

cel l separ at i on . Such di f f er ences i ncl ude ( a) cel -

l ul ar adhesi veness, ( b) medi um r equi r ement s, ( c)
devel opment al t i me- cour ses, and ( d) gr owt h pat -
t er ns . These par amet er s have been used by a num-

ber of i nvest i gat or s t o separ at e neur onal and non-

neur onal cel l s i n t he per i pher al ner vous syt em

( 20) .

The met hods descr i bed i n t hi s paper enabl ed us

t o pr epar e essent i al l y pur e cul t ur es of ol i goden-

dr ocyt es and ast r ocyt es . These cul t ur es have been

char act er i zed by ( a) ul t r ast r uct ur al anal yses, ( b)

enzymat i c mar ker st udi es, and ( c) phar macol ogi -

cal r esponsi veness . Each of t hese appr oaches sug-

gest s t wo di st i nct nonover l appi ng ( <2%) cel l pop-

ul at i ons . The separ at e ast r ogl i al and ol i goden-

dr ogl i al cul t ur es can be mai nt ai ned f or sever al
weeks and shoul d si gni f i cant l y ext end our abi l i t y

t o st udy t hese t wo maj or cel l cl asses .

MATERI ALS AND METHODS

Pr epar at i on of Sour ce Cul t ur es

The pr epar at i on of mi xed gl i al cel l cul t ur es ( sour ce cul t ur es)

has been descr i bed el sewher e ( l 8) . However , wi t h r espect t o cel l

separ at i on, sever al i mpor t ant poi nt s shoul d be emphasi zed . Fi r st ,

t he use of 1- t o 2- d- ol d r at pups ( not younger ) ensur es t he

absence of vi abl e neur ons i n t he cel l suspensi on obt ai ned f r om

di ssoci at i ng t he cer ebr al cor t ex ( 17) . Second, t he l engt h of t he

i ni t i al cul t ur e per i od shoul d be hel d bet ween 7 and 9 d . Per i ods

shor t er t han t hi s ar e not suf f i ci ent t o obt ai n t he st r at i f i cat i on of

ast r ocyt es and ol i godendr ocyt es . Per i ods l onger t han t hi s of t en

r esul t i n t he cl ust er i ng of ast r ocyt es above t he nor mal bed l ayer .

Because of t he nat ur e of t he subsequent separ at i on pr ocedur e,

such ast r ogl i al cl ust er s br eak up and cont ami nat e t he ol i goden-

dr ogl i al pr epar at i on . Thi r d, i t i s i mper at i ve t o use cul t ur e f l asks

havi ng scr ew- on caps t hat can be compl et el y t i ght ened t o pr event

medi um spi l l dur i ng t he shaki ng per i od . Fi nal l y, wi t h r espect t o

cel l separ at i on, cel l cul t ur es pr epar ed by mechani cal si evi ng

t echni ques have been f ound t o be si mi l ar t o cul t ur es pr epar ed

vi a t r ypsi ni zat i on . The cul t ur e medi umused i n t hese exper i ment s

was Basal Medi umEagl e' s wi t h Ear l es bal anced sal t s cont ai ni ng

15%f et al cal f ser um, 0. 1%gl ut ami ne, 0. 6%gl ucose, and no added

ant i bi ot i cs . The cul t ur e f l asks ar e i ncubat ed at 37 ° Ci n a wat er

sat ur at ed 6%COz : 94%ai r at mospher e. The medi umwas changed

af t er t he f i r st 3 d and t hr ee t i mes a week t her eaf t er .

Enzyme I nduct i on

Hydr ocor t i sone was pr epar ed as a l mg/ ml st ock sol ut i on i n

absol ut e et hanol . The st ock sol ut i on was di l ut ed i nt o f r esh me-

di umat t he t i me of each exper i ment t o gi ve a f i nal concent r at i on

of 1 . 38 AM ( 2) . Cont r ol cul t ur es r ecei ved an equi val ent amount

of absol ut e et hanol . N' , Oz - di but yr yl cycl i c AMP( Bt zcAMP) was

di ssol ved i n cul t ur e medi um t he day of t he exper i ment and

st er i l i zed by f i l t r at i on. The f i nal concent r at i on of Bt 2cAMP was

1 mM. Fr esh t r eat ment medi um was added af t er 24 h, and t he

t r eat ment s wer e t er mi nat ed at 48 h .

Enzyme Assays

Met hods used t o pr epar e cul t ur e homogenat es and assay

gl ycer ol phosphat e dehydr ogenase ( GPDH; EC 1 . 1 . 1 . 8) and l ac-

t at e dehydr ogenase ( LDH; EC 1 . 1 . 1 . 27) act i vi t y have been de-

scr i bed pr evi ousl y ( 2) . Cel l cul t ur es used t o det er mi ne cycl i c

nucl eot i de phosphohydr ol ase ( CNPase; EC 3 . 1 . 4 . 37) act i vi t y

wer e r i nsed f i ve t i mes wi t h 0. 9%NaCl and t hen har vest ed by

scr api ng wi t h a r ubber pol i ceman i nt o 0. 4 ml of H20. The

har vest ed sampl es wer e hel d at - 20° C unt i l assayed. Just bef or e

assay, t he sampl es wer e soni cat ed f or 20 s wi t h a Soni pen

( Techni c I nt er nat i onal ) and moni t or ed mi cr oscopi cal l y f or com-

pl et e cel l ul ar di sr upt i on . Al i quot s wer e r emoved and assayed f or

pr ot ei n cont ent . CNPase act i vi t y was det er mi ned by t he met hod

of Pr ohaska et al . ( 26) . GPDH and LDH assays wer e per f or med

i n dupl i cat e and CNPase act i vi t y i n quadr upl i cat e . We def i ned

I U of enzyme act i vi t y as t he amount t hat wi l l cat al yze t he

t r ansf or mat i on of 1 nmol of subst r at e per mi nut e at 30° C.

Speci f i c act i vi t y i s expr essed as uni t s of enzyme act i vi t y per

mi l l i gr amof t ot al t i ssue pr ot ei n . Unl ess ot her wi se i ndi cat ed, t he

speci f i c act i vi t i es r epr esent t he aver age of t he act i vi t i es of f our

cul t ur es .

Cycl i c AMP

The met hods used t o measur e changes i n i nt r acel l ul ar cycl i c

AMP l evel s wer e descr i bed pr evi ousl y ( 18) .

Pr ot ei n Assay

Pr ot ei n cont ent was measur ed by t he met hod of Lowr y et al .

( 14) usi ng cr yst al l i zed bovi ne ser um al bumi n as a st andar d .

El ect r on Mi cr oscopy

Cel l cul t ur es wer e r i nsed t hr ee t i mes wi t h phosphat e- bal anced

sal i ne ( PBS) and t hen f i xed i n PBScont ai ni ng 4%gl ut ar al dehyde

f or 2 h at r oom t emper at ur e and over ni ght at 4° C. They wer e

t hen post f i xed i n osmi umt et r oxi de f or 30 mi n and dehydr at ed i n

a gr aded ser i es of et hanol . The cel l s wer e t hen embedded i n si t u

and pr ocessed ( 3) .

Br ai n Ext r act

Br ai n ext r act was pr epar ed by t he met hod of Li m et al . ( l 3) .

Br i ef l y, br ai ns wer e r emoved f r om 10 adul t r at s, homogeni zed i n

Tyr ode' s bal anced sal i ne, and di al yzed agai nst st er i l e wat er f or

4 d at 4°C. The di al ysat e was l yophi l i zed and st or ed at - 20° C

unt i l used . On t he day of t he exper i ment , br ai n ext r act was

r econst i t ut ed i n compl et e cul t ur e medi um ( 5 mg br ai n ext r act /

ml ) , f i l t er ed t hr ough a0. 45- j am f i l t er ( Mi l l i por e Cor p . , Bedf or d,

Mass . ) and appl i ed t o cul t ur es f or 20 h.

RESULTS

I ni t i al Obser vat i ons

Whi l e char act er i zi ng t he ef f ect of t he age of t he
" donor " t i ssue on t he cel l t ypes f ound i n cul t ur e,
we made t wo i mpor t ant obser vat i ons . Fi r st , we
not ed t hat neur ons di d not sur vi ve t i ssue di ssoci a-
t i on when cul t ur es wer e pr epar ed f r om pups ol der
t han 2 d post nat al ( 17) . Second, ol i godendr ocyt es
al ways gr ew on t he t op of t he ast r ogl i al cel l l ayer .
The st r at i f i cat i on of ol i godendr ocyt es and ast r o-
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cyt es ( see Fi gs . 1 and 2) devel oped r api dl y af t er

t he f i r st f ew days i n cul t ur e and appear s t o cor r e-

spond t o t he per i od of ast r ogl i al cel l pr ol i f er at i on .

The f act t hat ol i godendr ocyt es coul d be seen gr ow-

i ng on t he cul t ur e di sh sur f ace shor t l y af t er cul t ur e

pr epar at i on ( bef or e t he f or mat i on of t he conf l uent

ast r ogl i al bed) i ndi cat es t hat ( a) ol i godendr ocyt es

do not r equi r e cont act wi t h ast r ocyt es f or gr owt h

and ( b) ol i godendr ocyt es ar e pr esent i n t he i ni t i al

cel l suspensi on and do not necessar i l y r esul t f r om

t he di f f er ent i at i on of a pr ecur sor cel l wi t hi n t he

bed l ayer . I t shoul d be not ed, however , t hat when

cul t ur es wer e pr epar ed f r om pr enat al ner vous t i s-

sue, ol i godendr ocyt es coul d not be i dent i f i ed unt i l

af t er 7- 10 d of cul t ur e gr owt h ( 17) . These r esul t s

suggest t hat t he or i gi nal cel l suspensi on cont ai ns

ol i godendr ogl i al pr ecur sor s t hat have not yet mor -

phol ogi cal l y di f f er ent i at ed .

Cel l Separ at i on

Sever al di f f er ent appr oaches wer e used i n an

at t empt t o separ at e ast r ocyt es ( bed- l ayer cel l s) and

ol i godendr ocyt es ( sur f ace cel l s) . I ni t i al exper i -

ment s i ndi cat ed t hat bot h ( a) mi l d t r ypsi ni zat i on

and ( b) chel at i on of di val ent cat i ons r esul t ed i n

t he det achment of bot h cel l t ypes . Lower i ng t he

i ncubat i on t emper at ur e t o 4°Chad si mi l ar r esul t s .

Par t i al separ at i on was achi eved by vi gor ousl y

squi r t i ng t he sur f ace of mi xed cul t ur es ( sour ce

cul t ur e) wi t h cul t ur e medi um. A f ew ast r ocyt es

and most of t he ol i godendr ocyt es wer e r emoved

by t hi s met hod . When t hi s cel l suspensi on was

r epl at ed, near l y al l of t he cel l s at t ached wi t hi n 60

mi n ; such cul t ur es cont ai ned bot h ol i godendr o-

cyt es and ast r ocyt es at a r at i o of - 8 : 1 r espect i vel y .

However , because ast r ocyt es pr ol i f er at e much

mor e r api dl y t han ol i godendr ocyt es, t hi s r at i o r ap-

i dl y decr eased . Fol l owi ng t hi s par t i al separ at i on,

t he sour ce cul t ur e cont ai ned an enr i ched popul a-

t i on of ast r ocyt es ( ?90%) t hat coul d ei t her be used

i mmedi at el y or cul t ur ed f or a f ew days t o al l ow

t he r epl eni shment of l ost ast r ogl i al cel l s .

The par t i al success of t hi s t echni que suggest ed

t hat , under t he appr opr i at e condi t i ons, ol i goden-

dr ocyt es mi ght be physi cal l y r emoved wi t hout si g-

ni f i cant l y af f ect i ng t he at t achment of t he ast r o-

cyt es i n t he bed l ayer . I n an at t empt t o st andar di ze

t hi s t echni que, pr i mar y cul t ur es ( i n 75 cm' pl ast i c

f l asks ( Fal con Labwar e, Di v . Bect on, Di cki nson

Co . , Oxnar d, Cal i f ) ) wer e f i r ml y f i xed ont o t he

sur f ace of an or bi t al shaker ( model G76, New

Br unswi ck Sci ent i f i c Co . , I nc . , Edi son . N. J . ) and
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agi t at ed f or var i ous t i mes and vel oci t i es . I t was

i mmedi at el y appar ent t hat t hi s met hod coul d be

used t o pr epar e bot h ast r ogl i al and ol i godendr o-

gl i al cul t ur es .

Opt i mal Pr ocedur e f or Cel l Separ at i on

The pr epar at i on of near l y pur e cul t ur es of ol i -

godendr ocyt es and ast r ocyt es f r om r at cer ebr al

cor t i cal t i ssue i s di agr ammat i cal l y pr esent ed i n

Fi g . 3 . Cul t ur es wer e pr epar ed f r om 1- t o 2- d- ol d

r at cer ebr al cor t i cal t i ssue and gr own f or 9 d i n

Fal con f l asks ( 75 cm' ) as descr i bed i n Mat er i al s

and Met hods. On t he 10t h d ( 24 h af t er t he l ast

medi um change) t he cel l cul t ur es wer e gent l y

r i nsed t hr ee t i mes wi t h compl et e medi um t o r e-

move f l oat i ng cel l s . Each cul t ur e f l ask ( wi t h 10 ml

of f r esh medi um) was pl aced i nt o a cul t ur e cham-

ber and al l owed t o equi l i br at e wi t h t he CO2 - ai r

at mospher e f or 2 h. We t hen r emoved t he f l asks

f r om t he chamber , compl et el y t i ght ened t he caps,

and secur el y f i xed t he f l asks ont o t he sur f ace of

an or bi t al shaker . Once secur ed, t he f l asks wer e

shaken f or 15- 18 h ( 37° C, 250 r pm, st r oke di am-

et er of 1 . 5 i n) . Thi s pr ocedur e usual l y began i n t he

af t er noon so t hat t he cul t ur es wer e shaken over -

ni ght . Fol l owi ng t he shaki ng per i od, t he sus-

pended cel l s f r omal l f l asks wer e col l ect ed, pool ed,

and f i l t er ed t hr ough Ni t ex 33 . The cul t ur es wer e

r i nsed t hr ee t i mes and t he r i nses wer e f i l t er ed and

pool ed wi t h t he cel l s al r eady col l ect ed . At t hi s

poi nt , t he f i l t r at e cont ai ned a si ngl e cel l suspensi on

of ol i godendr ocyt es and a f ew smal l cl umps of

ast r ocyt es . The cul t ur e f l asks cont ai ned a near l y

i nt act l ayer of ast r ocyt es and a f ew ol i godendr o-

cyt es scat t er ed acr oss t he sur f ace . The pur i t y of

each f r act i on at t hi s poi nt was assessed by l i ght

mi cr oscopy t o be - 95%. Because cont ami nat i ng

ast r ocyt es ar e pr esent al most excl usi vel y as cel l

cl umps, t he pur i t y of t he ol i godendr ogl i al cel l

f r act i on was gr eat l y i ncr eased by f i l t er i ng t he sus-

pensi on t hr ough Ni t ex 17 . The cel l s i n t he f i l t r at e

wer e t hen pel l et ed by cent r i f ugat i on ( 40 g 5 mi n)

and pl at ed i nt o cul t ur e f l asks . These ol i goden-

dr ogl i al cel l cul t ur es ( Fi g . 4) wer e ^- 98%enr i ched .

The pur i t y of t hese cul t ur es coul d be i ncr eased t o

>99% by al l owi ng 24 h f or t he cel l s t o at t ach,

r eshaki ng t he cul t ur es ( f or a f ewmi nut es by hand) ,

and pl at i ng t he det ached ol i godendr ocyt es . The

pur i t y of t he ast r ogl i al cel l f r act i on was i ncr eased

beyond 95% by t wo successi ve st eps. Fi r st , t he

f l asks wer e vi gor ousl y shaken by hand . When al l

ol i godendr ocyt es had det ached ( det er mi ned by



FI GURE I

	

Top, di ssoci at ed cer ebr al cel l s f r om 2- d- ol d r at s af t er 9 d i n cul t ur e . The phase- dar k cel l s

have been i dent i f i ed i n t hi s st udy as ol i godendr ocyt es . They ar e r est i ng on t op of a bed of f l at cel l s,

ul t r ast r uct ur al l y i dent i f i ed as ast r ocyt es ( phase cont r ast , x 230) . Bar , 100 t m. Bot t om, scanni ng el ect r on

mi cr ogr aphs of t hi s cul t ur e cl ear l y r eveal t he st r at i f i cat i on of ol i godendr ocyt es and ast r ocyt es . Bar , 20 pm.

Lef t , x 970 ; r i ght , x 1, 950 .
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FI GURE 2

	

Ver t i cal t hi n sect i on t hr ough a pr i mar y mi xed gl i al cul t ur e shows t he ul t r ast r uct ur e of t he t wo

cel l t ypes . The ast r ocyt es under t he ol i godendr ocyt es di spl ay char act er i st i c bundl es of f i l ament s . Bar , 2

, am. x 12, 750 .
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Day 0

Day 9

Day 10

	

RI NSE CULTURES 3

Day 11

MI XED ASTROGLI AL- OLI GODENDROGLI AL CELL CULTURES

( Sour ce Cul t ur es)

CULTURE FLASKS

AGI TATE AT MAXI MUMRPM

REMOVE SUSPENDED CELLS

RI NSE FLASKS 5 x WI TH MEDI UM

ADD MEDI UMCONTAI NI NGEDTA

SHAKE TO SUSPEND ASTROCYTES

( 80 r pm, 37° C, 5 mi n)

PELLET CELLS ( 40 g, 5 mi n)

RESUSPEND CELLS I N COMPLETE MEDI UM

PLATE CELLS AT 3 x 10° CELLS/ CM'

ASTROGLI AL CELL CULTURES

( ?98%pur e)

l i ght mi cr oscopy) f r om t he sur f ace, t he medi um

was r emoved and t he cul t ur e f l asks wer e r i nsed

f i ve t i mes wi t h f r esh medi um( t he cel l suspensi on

r emoved dur i ng t hi s pr ocedur e was usual l y di s-

car ded because i t cont ai ned bot h ol i godendr ocyt es

and ast r ocyt es) . Second, t he ast r ocyt es wer e r e-

pl at ed at about one- t hi r d of t hei r conf l uent den-

si t y . We suspended t he ast r ocyt es by addi ng cul -

t ur e medi umcont ai ni ng 5 mMEDTA, wai t i ng 5

mi n, and t hen gent l y shaki ng t he f l asks . The cel l s

wer e col l ect ed, pel l et ed by cent r i f ugat i on ( 40 g, 5

mi n) , r esuspended i n f r esh medi um, and t hen

pl at ed at - 30, 000 cel l s/ cm2 . Because ast r ocyt es

pr ol i f er at e ver y r api dl y r el at i ve t o ol i godendr o-

cyt es, t he degr ee of ol i godendr ocyt e cont ami na-

t i on r api dl y decl i ned . The r esul t i ng ast r ogl i al cel l

cul t ur es ( Fi g . 4) appear ed t o be >98% pur e by al l

cr i t er i a used ( see bel ow) .

CHANGE MEDI UM

x WI TH MEDI UMAND ADD 10 ML OF FRESH MEDI UM

AGI TATE ON ROTARY SHAKER

( 250 r pm, 37° C, 12 h)

REMOVE SUSPENDED CELLS

SUSPENDED CELLS

FI LTER THROUGH NI TEX 33 and 17

PELLET CELLS I N FI LTRATE

( 40 g, 5 mi n)

RESUSPEND CELLS I N COMPLETE MEDI UM

PLATE CELLS AT 3 x 10" CELLS/ CM2

OLI GODENDROGLI AL CELL CULTURES

( >_98% pur e)

REPEAT PURI FI CATI ON PROCEDURE

OLI GODENDROGLI AL CELL CULTURES

( >_99% pur e)

FI GURE 3

	

A f l ow char t f or t he pr epar at i on of separ at e ast r ocyt es and ol i godendr ocyt es .

i n t he t ext .

Mor phol ogi cal Char act er i zat i on

Det ai l s ar e gi ven

The nat ur e of t he cel l s pr esent i n t hese cul t ur es

wer e st udi ed by t r ansmi ssi on el ect r on mi cr oscopy

under t wo di f f er ent condi t i ons : ( a) mi xed ast r og-

l i al - ol i godendr ogl i al cel l cul t ur es and ( b) pur i f i ed

sur f ace cul t ur es . The cr i t er i a used t o i dent i f y ol i -

godendr ocyt es and ast r ocyt es wer e essent i al l y

t hose descr i bed by Pet er s et al . ( 24) . Fi gs . 1 and 2

i l l ust r at e t he t ypi cal gr owt h pat t er n of a mi xed

gl i al cel l popul at i on af t er 9 d i n vi t r o . I n each of

t hese mi cr ogr aphs, t wo di st i nct cel l t ypes can be

seen . I n Fi g. 1, cel l s i dent i f i ed as ol i godendr ocyt es

can be seen r est i ng on t op of a bed l ayer of cel l s

t hat have been char act er i zed as ast r ocyt es . At t hi s

l evel of magni f i cat i on, ol i godendr ocyt es ar e di st i n-

gui shed f r om ast r ocyt es by t hei r ( a) r el at i vel y

smal l si ze, ( b) ver y f i ne cel l pr ocesses, ( c) dar k cel l
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FI GURE 4

	

Top, phase cont r ast of ol i godendr ogl i al cel l cul t ur e ( l ef t ) and ast r ogl i al cel l cul t ur e ( r i ght ) .

Bar , 1 . 00 pm. X 300. Bot t om, hi gher magni f i cat i on of an ol i godendr ogl i al cel l cul t ur e showi ng r ami f i cat i on

of pr ocesses . Bar , 50 j i m.

89 6



bodi es, and ( d) i nabi l i t y t o pr ol i f er at e t o cel l soma

cont act ( mar gi nal cont act bet ween ol i godendr o-

gl i al cel l pr ocesses seem t o hal t t he pr ol i f er at i on

of t hese cel l s) . I n cont r ast , ast r ocyt es ar e r el at i vel y

l ar ge cel l s t hat usual l y do not possess vi si bl e cel l

pr ocesses ( at t hi s magni f i cat i on) i n conf l uent cul -

t ur es . Ast r ocyt es al ways pr ol i f er at ed r api dl y t o

f or m a conf l uent bed l ayer of cel l s . I n Fi gs . 1 and

4, t he ast r ocyt es appear as t he phase- gr ey cel l s

upon whi ch t he phase- dar k ol i godendr ocyt es can

be seen . Cel l cul t ur es pr epar ed f r omt he meni ngeal

t i ssue t hat nor mal l y sur r ounds t he cer ebr al cor t ex

pr esent ed a ver y di f f er ent pi ct ur e at al l l evel s of

char act er i zat i on ( mor phol ogi cal , enzymat i c, and

phar macol ogi cal ; dat a not shown) .

Bot h t he st r at i f i cat i on of t he t wo cel l t ypes and

t he ul t r ast r uct ur al f eat ur es t hat wer e used t o i den-

t i f y t hese cel l s posi t i vel y as ast r ocyt es and ol i go-

dendr ocyt es can be seen i n t he el ect r on mi cr o-

gr aph shown i n Fi g . 2 . The cel l s i n t he basal l ayer

( ast r ocyt es) possess a l ar ge oval nucl eus wi t h

per i nucl ear cl umped chr omat i n . The Gol gi appa-

r at us and r ough endopl asmi c r et i cul umar e poor l y

devel oped, l ysosomes ar e numer ous, and a t hi ck

cel l pr ocess ar i ses f r om t he cel l body t hat cont ai ns

bundl es of f i l ament s . The cel l out l i ne i s i r r egul ar

and, most i mpor t ant l y, numer ous ast r ogl i al f i l a-

ment s or i ent ed i n di f f er ent di r ect i ons can be seen

i n t he cyt opl asm. Mi cr ot ubul es wer e r ar el y seen i n

t hese cel l s. Cel l s wi t h t hese f eat ur es wer e al ways

f ound i n t he basal l ayer . Fi g. 5 f ur t her i l l ust r at es

t he ul t r ast r uct ur e of ast r ocyt es . The t ypi cal posi -

t i oni ng and ul t r ast r uct ur al f eat ur es of cel l s char -

act er i zed as ol i godendr ocyt es ar e shown i n Fi gs .

l , 2, 4, and 6 . These cel l s have an eccent r i c nucl eus

wi t h f i nel y cl umped chr omat i n and di l at ed per i -

nucl ear and cyt opl asmi c endopl asmi c r et i cul um

ci st er nae . I n t he cyt opl asm, numer ous mi cr ot u-

bul es ( Fi g . 6) wer e pr esent and t he Gol gi appar at us

was al ways wel l devel oped . These cel l s cont ai ned

r el at i vel y f ew l ysosomes compar ed t o ast r ocyt es .

Bundl es of ast r ogl i al f i l ament s wer e never ob-

ser ved i n t hese over l yi ng cel l s . The ol i godendr o-

cyt es pr esent showa si mi l ar ul t r ast r uct ur e whet her

gr own on t op of ast r ocyt es or as i sol at ed cel l s on

pl ast i c cul t ur e di shes . I n addi t i on t o t hese st udi es,

we have exami ned t he ef f ect of ( a) br ai n ext r act

( 13) and ( b) Bt 2cAMP ( 27) on t he mor phol ogy of

t hese t wo cel l popul at i ons . Al t hough t hese agent s

appear t o have l i t t l e, i f any, ef f ect on t he mor -

phol ogy of ol i godendr ocyt es, t hey cause ext ensi ve

changes i n ast r ocyt es ( dat a not shown) . However ,

even i n t he pr esence of t hese agent s, ast r ocyt es do

not r esembl e t he cel l s i dent i f i ed as ol i godendr o-

cyt es . I n summar y, we have car ef ul l y moni t or ed

t he ul t r ast r uct ur al and gr oss cel l ul ar mor phol ogy

of t hese t wo cel l popul at i ons i n at l east 20 pr epa-

r at i ons, wi t h si mi l ar r esul t s . On t he basi s of t hese

st udi es, we est i mat e t hat t he pur i t y of bot h t he

ast r ogl i al and ol i godendr ogl i al cel l cul t ur es i s i n

>98%.

Enzymat i c Char act er i zat i on

To f ur t her char act er i ze t he cel l s pr esent i n t hese

cul t ur es, we moni t or ed t he act i vi t y of ( a) CNPase

( 11, 22) , ( b) LDH ( 5) , and ( c) GPDH ( 2, 5, 6, 21)

i n t he pr esence and absence of t r eat ment s t hat

have pr evi ousl y been r epor t ed t o al t er t he act i vi t y

of t hese enzymes ( Tabl e I ) . Bt 2cAMP i nduced

LDH act i vi t y i n bot h ast r ogl i al and ol i godendr o-

gl i al cel l cul t ur es . However , t he magni t ude of i n-

duct i on was much gr eat er i n ol i godendr ogl i al cel l

cul t ur es . I n cont r ast t o LDH act i vi t y, CNPase

act i vi t y was pr esent onl y i n t he ol i godendr ogl i al

cel l cul t ur es and was not si gni f i cant l y al t er ed by

t he i ncl usi on of 1 mMBt 2cAMP i n gr owt h medi a

f or 48 h. I ncr easi ng t he amount of ast r ogl i al pr o-

t ei n t o t hr ee t i mes t hat used i n ol i godendr ogl i al

assays di d not r esul t i n t he det ect i on of CNPase

act i vi t y i n ast r ogl i al cul t ur e homogenat es . Because

CNPase appear s t o be l ocal i zed t o myel i n and

ol i godendr ocyt es, t hese r esul t s suppor t our cont en-

t i on t hat t he ast r ogl i al cel l cul t ur es ar e essent i al l y

f r ee of ol i godendr ocyt es .

Wi t hi n t he r at ner vous syst em, t he hydr ocor t i -

sone i nduct i on of GPDH appear s t o be an excel -

l ent mar ker f or ol i godendr ocyt es ( 5, 12) . The r e-

sul t s pr esent ed i n Tabl e I i ndi cat e t hat hydr ocor -

t i sone t r eat ment i ncr eased GPDH act i vi t y by

near l y t hr eef ol d i n ast r ogl i al cel l cul t ur es and 16-

f ol d i n ol i godendr ogl i al cel l cul t ur es ( r el at i ve t o

uni nduced cul t ur es) . I f al l of t he GPDH act i vi t y

i n hydr ocor t i sone- t r eat ed cul t ur es was at t r i but abl e

t o ol i godendr ocyt es, t he r esul t s suggest t hat <2%

of t he pr ot ei n i n t he ast r ogl i al homogenat e was

der i ved f r om ol i godendr ocyt es . The di f f er ence i n

t he magni t ude of GPDH i nduct i on bet ween t he

t wo cul t ur e t ypes i ndi r ect l y suggest s t hat a smal l

pool of GPDH was pr esent i n t he ast r ogl i al cel l

cul t ur es t hat was not i nduced by hydr ocor t i sone

t r eat ment . Thi s exper i ment has been r epeat ed sev-

er al t i mes and t he r esul t s pr esent ed r epr esent t he

hi ghest l evel of GPDH act i vi t y obser ved i n ast r o-

gl i al cel l cul t ur es . GPDH act i vi t y and i nduci bi l i t y

r emai ned l ow even af t er pr ol onged per i ods of i n

vi t r o gr owt h af t er cel l separ at i on ( dat a not shown) .
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FI GURE 5

	

The t ypi cal ul t r ast r uct ur al f eat ur es of ast r ocyt es can be seen i n t hi s el ect r on mi cr ogr aph . Not e

t hat t he cel l i s much l ar ger t han ol i godendr ocyt es ( Fi g . 6) and t hat bundl es of f i l ament s occupy much of

t he cyt opl asm t hr oughout t he cel l body and pr ocesses . Bar , 2 j m. x 14, 600 .
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FI GURE 6

	

The t ypi cal ul t r ast r uct ur al f eat ur es of ol i godendr ocyt es can be seen i n t hi s el ect r on mi cr o-
gr aph . Not e t he enl ar ged ci st er nae, wel l - devel oped Gol gi appar at us, mi cr ot ubul es ( ar r ows) , dar kl y st ai ned
cyt opl asm, and smal l eccent r i c nucl eus . Bar , 2 Am. x 25, 400 .

These st udi es i ndi cat e t hat bi ochemi cal l y t he t wo

cul t ur e pr epar at i ons wer e qui t e di f f er ent and sup-

por t our mor phol ogi cal i dent i f i cat i on of ol i goden-

dr ocyt es .

Phar macol ogy

Tabl e 11 shows t he ef f ect of sever al phar maco-

l ogi cal agent s on cycl i c AMP accumul at i on i n

ast r ogl i al and ol i godendr ogl i al cel l cul t ur es . I n

t hese cul t ur es t he abi l i t y of a- adr ener gi c r ecept or s

t o r educe cycl i c AMPaccumul at i on appear s t o be

r est r i ct ed t o ast r ocyt es . The r esul t s al so i ndi cat e

t hat ast r ocyt es ar e pr i mar i l y r esponsi bl e f or t he

mar ked accumul at i on of cycl i c AMP t hat occur s

i n mi xed gl i al cel l cul t ur es i n r esponse t o adeno-

si ne . I n cont r ast , t he ef f ect of pr ost agl andi n El
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TABLE I

Regul at i on of Mar ker Enzymes i n Ast r ocyt es and

Ol i godendr ocyt es

Enzyme/ t r eat ment Asl r ocyt es Ol i godendr ocyt es

TABLE 11

Amount of Mar ker Enzyme

Hydr ocor t i sone was added t o a f i nal concent r at i on of

1 . 38 I t M i n f r esh medi a . N6, OZ- di but yr yl cycl i c AMP

( Bt zcAMP) was di ssol ved i n f r esh medi a t o a f i nal con-

cent r at i on of l mM. Fr esh t r eat ment medi um was added

af t er 24 h and t he t r eat ment was t er mi nat ed at 48 h.

Uni t s of enzyme act i vi t y ar e def i ned as nanomol es of

subst r at es used per mi nut e at 30 ° C. Each val ue r epr e-

sent s t he mean of t hr ee cul t ur es ± SEM. N. D. , nonde-

t ect abl e .

Regul at i on of Cycl i c AMP

The concent r at i on of al l dr ugs, except f or adenosi ne,

was 3 pM. Adenosi ne was used at 100 AM. Al l i ncu-

bat i ons wer e car r i ed out f or 5 mi n. Each val ue r epr e-

sent s t he mean of t hr ee cul t ur es ± SEM.

* Phent ol ami ne i s an a- adr ener gi c ant agoni st t hat bl ocks

t he a- adr ener gi c component of nor epi nephr i ne, l eavi ng

onl y t he ß- adr ener gi c act i vi t y . We have pr evi ousl y

demonst r at ed t hat st i mul at i on of al pha r ecept or s al -

ways l eads t o decr eased r esponse t o ot her agoni st s t hat

i ncr ease cycl i c AMP i n gl i a ( 18, 19) .

( PGE, ) on cycl i c AMP accumul at i on i s si gni f i -

cant l y gr eat er i n ol i godendr ocyt es t han i n ast r o-

cyt es . These r esul t s i ndi cat e t hat a number of

neur ohumor al agent s can i nf l uence cycl i c AMP

l evel s i n bot h ast r ocyt es and ol i godendr ocyt es vi a

membr ane r ecept or s and t hat t hese t wo cel l pop-
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ul at i ons ar e phar macol ogi cal l y di st i nct f r om one

anot her .

DI SCUSSI ON

The r esul t s pr esent ed i n t hi s paper i ndi cat e t hat a

mi xed popul at i on of gl i al cel l s can be separ at ed

i nt o ast r ogl i al and ol i godendr ogl i al cel l f r act i ons .

The met hod used t o separ at e t he t wo cel l popul a-

t i ons i s based on ( a) t he pr epar at i on of mi xed gl i al

cel l cul t ur es, ( b) t he st r at i f i cat i on of ast r ocyt es and

ol i godendr ocyt es i n mi xed gl i al cel l cul t ur es, and

( c) t he abi l i t y t o r emove ol i godendr ocyt es sel ec-

t i vel y by vi gor ous shaki ng . Cul t ur es have been

char act er i zed by l i ght and EM mor phol ogi cal

st udi es, cel l mar ker enzymes, and phar macol ogi cal

r esponsi veness . The r esul t s obt ai ned wi t h t hese

gl i al cel l cul t ur es have been compar ed t o t he r e-

sul t s obt ai ned f r om si mi l ar st udi es exami ni ng

meni ngeal cel l cul t ur es . Such exper i ment s i ndi cat e

t hat meni ngeal cel l s can easi l y be di st i ngui shed

f r omei t her ast r ocyt es or ol i godendr ocyt es and t hat

meni ngeal cel l s di d not cont r i but e si gni f i cant l y t o

t he gl i al cel l cul t ur es .

Mor phol ogi cal l y, ast r ocyt es al ways r esi de i n t he

bed l ayer of cel l s wher e t hey appear as r at her

di f f use phase- gr ey cel l s gr owi ng i n a r andomf ash-

i on. Ast r ocyt es ar e pr esent i n cul t ur es pr epar ed

f r om cer ebr a r angi ng i n age f r om 5- d pr enat al t o

5- d post nat al and al ways f or m a conf l uent mul t i -

l ayer upon whi ch ot her cel l t ypes gr ow ( neur ons

or ol i godendr ocyt es, dependi ng on t he age of t he

donor t i ssue) . Al t hough ast r ogl i al pr ocesses cannot

be seen wi t h a l i ght mi cr oscope, t hey ar e evi dent

i n EM pr epar at i ons . Ast r ogl i al pr ocesses ar e r el a-

t i vel y t hi ck and possess bundl es of f i l ament s .

Tr eat ment of ast r ogl i al cel l s wi t h ei t her br ai n ex-

t r act or Bt zcAMP r esul t s i n mar ked mor phol ogi cal

t r ansf or mat i on of t hese cel l s . The per i kar ya t end

t o become spher i cal and ext end' l ong pr ocesses .

However , even under t hese condi t i ons, ast r ocyt es

do not r esembl e ol i godendr ocyt es .

The maj or mor phol ogi cal f eat ur e of ol i goden-

dr ocyt es t hat al l owed us t o i dent i f y t hese cel l s at

t he l i ght mi cr oscopi c l evel was t hei r smal l spher i -

cal per i kar ya, whi ch al ways possessed sever al ver y

f i ne, shor t cel l pr ocesses . Ol i godendr ocyt es never

cont ai ned bundl es of f i l ament s t ypi cal of ast r o-

cyt es but di d possess an abundance of mi cr ot u-

bul es and ext ensi ve Gol gi compl exes and ER. The

gr oss mor phol ogy and ul t r ast r uct ur al f eat ur es of

ol i godendr ocyt es r emai ned t he same whet her t hey

wer e gr owi ng on t he ast r ogl i al bed l ayer or i n

di r ect cont act wi t h t he cul t ur e di sh . Under pr esent

Tr eat ment

Amount of cycl i c AMP

Asl r ocyt es Ol i godendr oeyl es

pmol / mg Pr ot ei n

Cont r ol 8 . 7 ± 0. 2 8 . 9 ± 0 . 4

Nor epi nephr i ne 28 . 7 ± 2 . 9 50 . 1 ± 9 . 0

Nor epi nephr i ne pl us 180 . 6 ± 10. 1 62 . 0 ± 4 . 4

phent ol ami ne*

Adenosi ne 44 . 3 ± 1 . 6 14 . 3 ± 0 . 7

Pr ost agl andi n E, 67 . 6 ± 8 . 8 187 . 4 ± 31 . 2

CNPase

( - ) Bt zcAMP

( +) Bt zcAMP

U/ mg

N. D.

N. D.

pr ot ei n

441 ±

507 ±

I l

13

GPDH

( - ) Hydr ocor t i sone 4 . 0 ± 0 . 3 43 . 0 ± 1 . 8

( +) Hydr ocor t i sone 11 . 9 ± 0 . 9 688 . 5 ± 5 . 1

LDH

( - ) Bt zcAMP 2022 ± 51 1147 ± 30

( +) Bt 2cAMP 2700 t 132 2910 ± 112



cul t ur e condi t i ons, ol i godendr ocyt es pr ol i f er at e

onl y sl owl y and never r each conf l uence . Once

compl et el y r emoved f r om sour ce cul t ur es, ol i go-

dendr ocyt es do not r eappear , i ndi cat i ng t he ab-

sence of an ol i godendr ogl i al cel l pr ecur sor popu-

l at i on hi dden wi t hi n t he ast r ogl i al bed l ayer . Ex-

ami nat i on of pur i f i ed ast r ocyt es and ol i godendr o-

cyt es i n r ot at i on r eaggr egat e cul t ur es at t he EM

l evel enabl ed us t o st udy t he ul t r ast r uct ur e of a

l ar ge number of cel l s gr owi ng under i dent i cal

condi t i ons . The r esul t s of t hese mor phol ogi cal

st udi es i ndi cat e t hat t wo essent i al l y nonover l ap-

pi ng cel l popul at i ons ( <2%) can be pr epar ed f r om

l - t o 2- d- ol d r at cer ebr a . By cl assi cal mor phol og-

i cal cr i t er i a, t hese t wo popul at i ons have been i den-

t i f i ed as ast r ocyt es and ol i godendr ocyt es .

Because t he mor phol ogy of cel l s i n cul t ur e may

not accur at el y r ef l ect t he mor phol ogi cal f eat ur es

of t hose same cel l s i n vi vo, we deci ded t o char ac-

t er i ze t hese t wo cel l popul at i ons f ur t her by moni -

t or i ng t he act i vi t y of t wo mar ker enzymes t hat

have been shown i n vi vo t o be l ocal i zed i n ol i go-

dendr ocyt es . The f i r st mar ker , CNPase, has been

r epor t ed by many i nvest i gat or s t o be associ at ed

wi t h myel i n ( 9, 10, 16, 23) . Al t hough t hi s enzyme

i s usual l y t hought of as a myel i n mar ker , t he

r esul t s pr esent ed her e i ndi cat e t hat ol i godendr o-

cyt es cont ai n CNPase i n t he absence of vi si bl e

myel i n. CNPase act i vi t y was not det ect abl e i n

homogenat es pr epar ed f r om ast r ogl i al cel l cul -

t ur es . I nt er est i ngl y, Mat t hi eu et al . ( 16) r ecent l y

r epor t ed t hat CNPase act i vi t y cont i nued t o i n-

cr ease t hr oughout t he cul t ur e per i od of r eaggr e-

gat e cul t ur es . Al t hough we di d not moni t or

CNPase act i vi t y as a f unct i on of t he days i n cul -

t ur e, we have done so wi t h GPDH act i vi t y and

f i nd t hat i t i ncr eases wi t h t i me i n cul t ur e ( 2) .

El sewher e we have r epor t ed t hat wi t hi n t he ner v-

ous syst em, t he hydr ocor t i sone i nduct i on of

GPDH act i vi t y appear s t o t ake pl ace excl usi vel y

i n ol i godendr ocyt es ( 6, 12) . As a r esul t , we have

used t he pr esence of GPDH and i t s i nduct i on by

hydr ocor t i sone as an ol i godendr ogl i al cel l mar ker .

The f act t hat CNPase act i vi t y and t he hydr ocor -

t i sone i nduct i on of GPDH act i vi t y r esi de wi t hi n

t he cel l popul at i on i dent i f i ed as ol i godendr ocyt es

f ur t her subst ant i at es t he l ocal i zat i on of t he hydr o-

cor t i sone ef f ect .

Unf or t unat el y, wel l - def i ned ast r ogl i al mar ker

enzymes have not been descr i bed . Consequent l y,

we have r el i ed heavi l y upon t he mor phol ogi cal

cr i t er i on i n t he i dent i f i cat i on of t hese cel l s. How-

ever , t he phar macol ogi cal st udi es pr esent ed i n t hi s

paper i ndi cat e t hat ast r ocyt es possess a- adr ener gi c

r ecept or s t hat , when st i mul at ed, can modul at e t he

amount of cycl i c AMP t hat nor mal l y accumul at es

i n r esponse t o, ß- adr ener gi c agoni st s . I nt er est i ngl y,

t he a- adr ener gi c modul at i on was absent f r om ol i -

godendr ogl i al cel l cul t ur es . Fur t her mor e, t he ef f ect

of adenosi ne and PGE, on ast r ogl i al and ol i go-

dendr ogl i al cel l cycl i c AMP l evel s was al so qui t e

di f f er ent . Thus, t hese phar macol ogi cal st udi es al so

suggest t hat t wo di st i nct cel l popul at i ons have

been i sol at ed .

Because ast r ocyt es pr ol i f er at e much mor e r ap-

i dl y t han ol i godendr ocyt es, pur i f i ed ast r ogl i al cel l

cul t ur es become pr ogr essi vel y l ess het er ogeneous

and ol i godendr ogl i al cel l cul t ur es mor e het er oge-

neous dur i ng t he f i r st week i mmedi at el y af t er cel l

separ at i on . Af t er t he f i r st week, t hi s r el at i onshi p

does not per si st , because ast r ocyt es usual l y become

conf l uent and st op di vi di ng, wher eas ol i godendr o-

cyt es cont i nue t o pr ol i f er at e . As a r esul t , pur i f i ed

cul t ur es of ol i godendr ocyt es and ast r ocyt es ar e

usual l y used wi t hi n a f ew days of pr epar at i on .

However , unaccept abl e cont ami nat i on can easi l y

be over come by r epeat i ng a si mpl i f i ed ver si on of

t he or i gi nal separ at i on pr ocedur e . Under nor mal

condi t i ons, t he separ at i on pr ocedur e and subse-

quent gr owt h per i od yi el d ^- 15- 20 mg of ol i goden-

dr ogl i al cel l pr ot ei n and - - 35- 45 mg of ast r ogl i al

cel l pr ot ei n . Hence, t hi s pr ocedur e yi el ds ampl e

pr ot ei n t o compl et e many di f f er ent t ypes of bi o-

chemi cal anal yses .

A number of t echni ques have been devel oped

f or separ at i ng neur onal and gl i al cel l s i n cul t ur e

( 8, 20) . However , t o our knowl edge, t hi s i s t he f i r st

met hod t o al l ow t he si mul t aneous pr epar at i on of

essent i al l y pur e separ at e ast r ogl i al and ol i goden-

dr ogl i al cel l cul t ur es f r om t he same t i ssue . The

power of such a met hod i s i l l ust r at ed i n Tabl e 11,

i n whi ch t he phar macol ogy of t hese t wo cel l cl asses

i s compar ed . By use of t hi s syst em, i t shoul d be

possi bl e t o addr ess such quest i ons as ( a) what

hor mones ar e r equi r ed f or cel l sur vi val and pr ol i f -

er at i on, ( b) whet her i nt er cel l ul ar i nt er act i ons oc-

cur bet ween ast r ocyt es and ol i godendr ocyt es, ( c)

whet her ei t her of t hese cel l popul at i ons i s a phar -

macol ogi cal t ar get f or CNS dr ugs, and ( d) whet her

t he f or mat i on of myel i n by ol i godendr ocyt es can

be r egul at ed .

We t hank Nor ma Mor oney f or excel l ent secr et ar i al as-

si st ance and Rut h Col e f or val uabl e advi ce on cel l cul t ur e

met hods .

Thi s wor k was suppor t ed by Depar t ment of Ener gy

MCCARTHY AND DE VELLt s

	

Ol i godendr ogl i al and Ast r ogl i al Cel l Cul t ur es 90 1



cont r act DE- AM0376- SF00012, Depar t ment of Ener gy/

Envi r onment al Pr ot ect i on Agency cont r act EPA- I AG-

D5- E- 681- AQ, and U. S. Publ i c Heal t h Ser vi ce gr ant

HD- 05615 . K. D. McCar t hy i s t he r eci pi ent of a Nat i onal

Resear ch Ser vi ce Awar d NS- 05171 f r om NI NCDS.

Recei vedf or publ i cat i on 28 Januar y 1980 .

REFERENCES

I . BUCHER, 1 . , and M. SENSENBRENNER. 1972 . Gr owt h and cul t i vat i on of

di ssoci at ed neur ons and gl i al cel l s f r om embr yoni c chi ck, r at and

human br ai n i n f l ask cul t ur es. Neur obi ol ogy ( Copenh. ) . 2: 97- 105.

2 . BREEN, G. A. M. , and 1 . DE VELLI S. 1974 . Regul at i on of gl ycer ol

phosphat e dehydr ogenase by hydr ocor t i sone i n di ssoci at ed r at cer ebr al

cel l cul t ur es. Dev. Bi ol . 41: 255- 266 .

3 . BRI NKLEY, B. R. , P. MURPHY, and L. C. RI CHARDSON. 1967 . Pr ocedur e

f or embeddi ng i n si t u sel ect ed cel l s cul t ur ed i n vi t r o . J. Cel l Bi ol . 35 :

279- 283.

4 . CAMPBELL, G. LEM. , M. SCHACHNER, and S. O. SHARROW. 1977 .

I sol at i on of gl i al cel l - enr i ched and - depl et ed popul at i ons f r om mouse

cer ebel l um by densi t y gr adi ent cent r i f ugat i on and el ect r oni c cel l sor t -

i ng . Br ai n Res. 127: 69- 86 .

5 . DE VELLI S, l . , and G. BROOKER. 1973 . I nduct i on of enzymes by gl uco-

cor t i coi ds and cat echol ami nes i n a r at gl i al cel l l i ne. I n Ti ssue Cul t ur e

of t he Ner vous Syst em. G. Sat o, edi t or . Pl enum Pr ess, NewYor k . 231-

245 .

6 . DE VELLI S, J . , J . F. MCGI NNI S, G. A. M. BREEN, P. LEVEI LLE, K.

BENNETT, and K. MCCARTHY. 1978 . I n Cel l , Ti ssue and Or gan Cul t ur es

i n Neur obi ol ogy . S. Fedor of f and L. Her t z, edi t or s . Academi c Pr ess,

I nc . , NewYor k . 485- 511 .

7 . DVORAK, D. l . , E. GI PPs, and C. KI DSON. 1978 . I sol at i on of speci f i c

neur ones by af f i ni t y met hods. Nat ur e ( Zond. ) . 271: 564- 566 .

8 . ESTRI DGE, M. , and R, BUNGS. 1978 . Composi t i onal anal ysi s of gr owi ng

axons f r om r at sympat het i c neur ons . J. Cel l Bi ol . 79: 138- 155 .

9 . KI M, S. U. , and D. E. PLEASURE. 1978 . Ti ssu e cul t ur e anal ysi s of

neur ogenesi s : Myel i nat i on and synapse f or mat i on ar e r et ar ded by

ser umdepr i vat i on. Br ai n Res. 145: 15- 25 .

10 . KI M, S. U. , and D. PLEASURE . 1978 . Ti ssue cul t ur e anal ysi s of neur o-

genesi s . 11 . Li pi d- f r ee medi umr et ar ds myel i nat i on i n mousespi nal cor d

cul t ur es . Br ai n Res. 157 : 206- 211 .

11 . KURI HARA, T. , and Y. TSUKADA. 1967 . The r egi onal and subcel l ul ar

di st r i but i on of 2' , 3' - cycl i c nucl eot i de 3' - phosphohydr ol ase i n t hecent r al

ner vous syst em. J. Neur ochem. 14: 1167- 1174.

12 . LEVEI LLE, P. 1 . , J . DE VELLI S, and D. S. MAXWELL . 1977 . I mmunocy-

t ochemi ca l l ocal i zat i on of gl ycer ol - 3- phosphat e dehydr ogenase i n r at

902

	

THE JOURNAL OF CELL BI OLOGY - VOLUME 85, 1980

br ai n: ar e ol i godendr ocyt es t ar get cel l s f or gl ucocor t i coi ds? Sac. Neu-

r osci . Symp. 7: 333 . ( Abst r . ) .

13 . LI M, R. , S. S. TROYand D. E. TURRI FF. 1977 . Fi ne st r uct ur e of cul t ur ed

gl i obl ast s bef or e and af t er st i mul at i on by agl i a mat ur at i on f act or . Exp.

Cel l Res. 106: 357- 372.

14. LOWRY, O. H. , N. J . ROSEBROUGH, A. L. FARR, and R. 1 . RANDALL.

1951 . Pr ot ei n measur ement wi t h t he Fol i n phenol r eagent . J. Bi ol .

Chem. 193: 265- 275 .

15 . MAI NS, R. E. , and P. H. PATTERSON. 1973 . Pr i mary cul t ur es of di ssoci -

at ed sympat het i c neur ons. 1 . Est abl i shment of l ong- t er m gr owt h i n

cul t ur e and st udi es of di f f er ent i at ed pr oper t i es. J. Cel l Bi ol . 59 : 329- 345 .

16 . MATTHI EU, J . - M. , P. HONEGGER, B. D. TRAPP, S. R. COHEN and H.

DEF. WEBSTER. 1978 . Myel i nat i on i n r at br ai n aggr egat i ng cel l cul t ur es .

Neur osci ence. 3 : 565- 570.

17 . MCCARTHY, K. D. , and J. DE VELLI S. 1977 . Age dependent changes i n

neur onal and gl i al cel l mar ker s i n cul t ur es f r om r at cer ebr al cor t ex .

Tr ansact i ons of t he Amer i can Soci et y f or Neur ochemi st r y 8 : 88. ( Abst r . ) .

18 . MCCARTHY, K. D. , and 1. DE VELLI S. 1978 . Al pha- adr ener gi c r ecept or

modul at i on of bet a- adr ener gi c, adenosi ne and pr ost agl andi n E, i n-

cr eased adenosi ne 3' : 5' - cycl i c monophosphat e l evel s i n pr i mar y cul t ur es

of gl i a. J Cycl i c Nucl eot i de Res . 4: 15- 26 .

19 . MCCARTHY, K. D. , and J . DEVELLI S. 1979 . The r egul at i on of adenosi ne

3' : 5' - cycl i c monophosphat e accumul at i on i n gl i a by al pha- adr ener gi c

agoni st s . Li f e Sci . 24: 639- 650.

20 . MCCARTHY, K. D. . and L. M. PARTLOW. 1976. Pr epar at i o n of pur e

neur onal and non- neur onal cul t ur es f r om embr yoni c chi ck sympat het i c

gangl i a: Anewmet hod based on bot h di f f er ent i al cel l adhesi veness and

t he f or mat i on of homot ypi c neur onal aggr egat es . Br ai n Res. 114 : 391-

414 .

21 . MCGI NNI S, 1 . F. , and 1 . DE VELLI S. 1978. Gl ucocor t i coi d r egul at i on i n

r at br ai n cel l cul t ur es : Hydr ocor t i sone i ncr eases t he r at e of synt hesi s of

gl ycer ol phosphat e dehydr ogenase i n C6 gl i oma cel l s. J Bi ol . Chem.

253: 8483- 8492 .

22 . MCMORRI s, F. A. 1977 . Nor epi nephr i ne i nduces gl i al speci f i c enzyme

act i vi t y i n cul t ur ed gl i oma cel l s . Pr oc. Nai l . Acad. Set . U. S. A. 74:

4501- 4504.

23 . MOORE, D. M. , and A. KI RKSEY. 1977 . The ef f ect of a def i ci ency of

vi t ami n B- 6 on t he speci f i c act i vi t y of 2' , 3' - cycl i c nucl eot i de 3' - phos-

phohydr ol ase of neonat al r at br ai n . Br ai n Res. 146: 200- 204.

24 . PETERS, A. , S. L. PALAY, and H. DEF. WEBSTER. 1976. I n The Fi ne

St r uct ur e of t he Ner vous Syst em. W. B. Saunder s Co. , Phi l adel phi a .

25 . PODUSLO, S. E. , and W. T. NORTON. 1958 . I sol at i on of speci f i c br ai n

cel l s . J. Neur opat hol . Exp. Neur al . 17 : 430- 442 .

26 . PROHASKA, J . , D. CLARK, and W. WELLS. 1973 . I mpr oved r api di t y and

pr eci si on i n t he det er mi nat i on of br ai n 2' , 3' - cycl i c nucl eot i de 3' - phos-

phohydr ol ase . Anal . Bi ochem. 56 : 275- 282 .

27. SHAPI RO, D. L. 1973 . Mor phol ogi cal and bi ochemi cal al t er at i ons i n

f oet al r at br ai n cel l s cul t ur ed i n t he pr esence of monobut yr yl cycl i c

AMP. Nat ur e ( Land. ) . 241 : 203- 204 .


