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Morphine  Tolerance  in a H u m a n  N e u r o b l a s t o m a  
Changes  in Choline Acety lase  and Chol inesterase  

Cholinergic mechan i sms  are s ignif icant ly  af fec ted  by  
the  pharmacologica l  act ions  of morph ine  ~, 2. The influence 
of the  acute  and  chronic admin i s t r a t i on  of morph ine  and 
re la ted  d rugs  on the  format ion ,  release and  b reakdown  
of acetylchol ine  has  therefore  been s tud ied  ex tens ive ly  a-s. 
These invest igat ions ,  like o ther  s tudies  on the  b iochemis t ry  
of morph ine  to lerance  and dependence ,  were carr ied out  
on whole  animals  or t issues t aken  f rom to le ran t  animals.  
Some of t he  p h e n o m e n a  observed migh t  therefore  resul t  
f rom effects  of secondary  factors  r a the r  t h a n  reflect  the  
p r i m a r y  act ion of morphine .  

Several  inves t iga tors  have  observed  the  d e v e l o p m e n t  
of to lerance  to  and  dependence  on morph ine  in a va r i e ty  
of cul tured  cells�-~2. Most  of these  s tudies  were l imi ted  
to survival,  cell prol i fera t ion  ra te  and  morphology,  and  
in mos t  cases t he  cell l ines s tud ied  were no t  of nervous  
origin. 

In  the  p resen t  inves t igat ion,  the  sho r t - t e rm  and long- 
t e r m  effect  of morph ine  on the  survival  and  prol i fera t ion  
ra te  of t he  es tab l i shed  h u m a n  neu rob la s toma  line 
IMR-32 la and  on the  act ivi t ies  of choline acetylase  and  
chol ines terase  in t he  cells was s tudied.  This  cell l ine was 
chosen because cul tured  neu rob l a s toma  cells, desp i te  
the i r  ma l ignan t  origin, re ta in  m a n y  of t he  specialized 
b iophys ica l  and  biochemical  proper t ies  of nervous  
t issue 1~-1s. 

Mater ials  and  methods. All t issue cul ture  mater ia l s  were 
ob ta ined  f rom the  Grand  Is land  Biological Co., Grand  
Is land,  N.Y., radiochemicals  f rom New Eng land  Nuclear  
Corporat ion,  Boston,  Mass., and b iochemicals  f rom 
Sigma Chemical  Co., St. Louis, Mo. 

Cultures of IMR-32 (purchased f rom the  Amer ican  
Type  Culture Collection, Rockville,  Md.) were grown at  
36.5~ by  s t a n d a r d  m e t h o d s  in Eagle ' s  MEM wi th  
Ear le ' s  sal ts  and  non-essent ia l  amino  acids, supplemen-  
t ed  wi th  10 % fetal  calf se rum inac t iva t ed  for 30 min a t  
56 ~ Media were changed  3 t imes  weekly and  subcul ture  
was carr ied out  once or twice weekly.  Cell n u m b e r s  were 
de t e rmined  by  t ryps in iza t ion  and  coun t ing  in a hemo-  
cy tometer .  Since the  act ivi t ies  of choline ace ty l t rans fe rase  
and  and  of chol inesterase  are funct ions  of cell divis ion 15, is, 
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for t he  de t e rmina t i on  of the  effects of morph ine  on these  
enzymes  the  cul tures were used a t  h igh cell densi ty ,  when  
prol i fera t ion was slow. The cells were d ispersed and  
washed  3 t imes  by  resuspens ion  in 2-3 ml  of ice-cold 
saline and  cen t r i f ugadon  a t  500 x g  for 10 rain. The cell 
pel let  was resuspended  in ice-cold wa te r  con ta in ing  0.5 % 
Tr i ton  X-100 and  d i s rup ted  in a mo to r -d r iven  glass 
micro-homogenizer .  Cholinesterase ac t iv i ty  was deter-  
mined  according to BLI:ME et al. ~, Chol ine-acetyl t rans-  
ferase according to  WItlTE and  CAVALLITO 19 and  to ta l  
p ro te in  according to LOWRY et  al. 20. 
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Effect of morphine on survival and proliferation rate of IMR-32 cells 

Morphine concentration (M) Doubling time (h) Inhibition (%) 

A) Acute exposure (4 days) of cells not previously exposed to morphine 

0 (control) 31 -- 
3 • I0 -~ 31 0 
10-4 36 14 
3 X 10 .4 53 42 
5 • 10 .4 No proliferation (cells dead within 7-14 days) 
10_2 No proliferation (cells dead within 3-7 days) 

13) Chronic exposure (30 generations) to morphine and effect of sudden change of morphine concentration 

3 • 10 .4 throughout (control) 36 - -  
3 • 10 -4, then 5 X 10 .4 (2 days) 76 53 
3 • 10 -4, then 5 • 10 .4 (2 months) 50 28 
3 • 10 -4, then 10 -8 No proliferation (cells dead within 14-20 days) 
3 X 10 -4, then none (2 days) 44 19 
3 • 10 -4, then 3 • 10 .6 (2 days) 36 0 

Cells were dispersed by trypsinization and seeded in 35 x 10 mm disposable Falcon petri dishes at 100,000-200,000 cells/plate. Morphine was 
added to the desired concentration and cell counts were performed after i, 2, and 4 days. Doubling time was determined graphically from 

semilogarithmic plots. (Average of 2 experiments.) 
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Results and discussion. The effect  of morph ine  con- 
cen t ra t ions  up to  10 -3 M on survival  and  prol i fera t ion of 
IMR-32 cells no t  previously  exposed  to morph ine  can be 
seen in Table  A. Morphologically,  the  cells appeared  
normal  up to and  including 10 .4 M morph ine  while 
concen t ra t ions  of 3 X 10 .4 M led to  degenera t ive  changes  
such as vacuolizat ion,  rounding  up and clumping.  

Af te r  con t inued  exposure  to 3 • 10-~M morph ine  for 
4-5 weeks (8-10 generat ions)  or more, the  morphological  
appearance  of the  ceils became more normal .  Table B 
shows t h a t  cells exposed  to  morph ine  for 30 genera t ions  
h a d  a close to  normal  prol i fera t ion ra te  in the  presence  of 
3 • 10 .4 M and to le ra ted  the  pervious ly  le thal  morph ine  
concen t ra t ion  of 5 • 10 .4 M. 10 a M morphine ,  however ,  
was still lethal.  Also, cell prol i fera t ion slowed down in 
such cul tures  when  morph ine  was comple te ly  wi thdrawn.  
In  mos t  cases the  cells f rom w h o m  morph ine  had  been 
w i t h d r a w n  regained normal  morpho logy  and prol i fera t ion 
ra tes  wi th in  a few days.  
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A) Cholinesterase (top) and choline-O-acetyltransferase (bottom) 
activities in IMR-32 cultures exposed to morphine for 5 days (no 
subcultures). B) Cholinesterase (top) and choline-0-aeetyltranferase 
(bottom) activities in IMR-32 cultures maintained and subcultured in 
the presence of morphine for 8 weeks (12 subcultures). Enzyme 
activities are expressed as nmoles of product formed per h/rag of cell 
protein for cholinesterase and as pmoles of product formed per h/mg 
of cell protein for choline-0-aeetyltransferase. 

Figure A shows t h a t  a 5-day exposure  of the  cells to  
morph ine  a t  3 • 10 .4 M had  no s ignif icant  effect  on the  
act ivi t ies  of e i ther  chol ines terase  or chol ine-ace ty l t rans-  
Ierase. On the  o ther  h a n d  (Figure B), long- te rm exposure  
to  morph ine  caused a 200-600 % increase in chol inester-  
ase and  a 90% decrease of chol ine-ace ty l t ransferase  
ac t iv i ty  at  10 .4 and  3 • 10 .4 M morphine .  These changes  
pers i s ted  in cul tures  h a b i t u a t e d  to  1 0 - 4 - 3  •  .4 M 
morph ine  for a t  least  2 weeks af ter  t he  morph ine  was 
ab rup t ly  wi thdrawn .  

In  several  exper iments ,  ace ty lchol ines terase  and 
hu tyry lcho l ines te rase  act ivi t ies  were de t e rmined  sepa- 
ra te ly  by  selective inhib i t ion  of t he  ace ty lchol ines terase  
wi th  B W  284 C 51 j 2~. The resul ts  showed t h a t  in un- 
t r ea t ed  ceils 40-50 % of the  to ta l  chol ines terase  ac t iv i ty  is 
acetylchol inesterase ,  and  t h a t  acetylchol ines terase  and 
bu tyry lcho l ines te rase  are abou t  equal ly  s t imula ted  by  
prolonged exposure  to  morphine .  

Our observat ions ,  made  on ceils of an es tabl ished line, 
do no t  necessar i ly  reflect  t he  mechan i sms  of mo rp h ine  
hab i tua t i on  in the  normal ly  non-d iv id ing  ceils of t he  
nervous  s y s t em in in tac t  animals.  Also, the  morph ine  
concen t ra t ions  appl ied in our expe r imen t s  were h igher  
t h a n  those  r epor ted  in t he  bra in  of narcot ized  animals~2. 
However ,  our resul ts  do show t h a t  morph ine  to lerance  
can be induced  in neurogenic  cells w i t h o u t  t he  med ia t ion  
of o ther  t issues or organs and t h a t  i t  is accompanied  by  
s ignif icant  changes  in the  act ivi t ies  of enzymes  involved 
in neuro t ransmiss ion .  The na tu re  of these  changes,  while 
no t  proof  of, is compat ib le  wi th  proposed  mechan i sms  of 
morph ine  to lerance  and dependence ,  which  pos tu la te  t h a t  
these  p h e n o m e n a  are caused by  selective enzyme induct ion  
or repress ion to compensa t e  for t he  acute  effects of mor-  
ph ine  ~-~6. 

Zusammen/assung. Nachweis  der  E n t s t e h u n g  einer 
Morphin-Toleranz  und  -Dependenz  sowie yon  Ver~Lnderun- 
hen (Steigerung der  Cholinesterase,  Ve rminde rung  der  
Cholin-o-Acetyl t ransferase)  yon E n z y m a k t i v i t g t e n  naeh  
lXnger daue rnden  Morph ingaben  bei Neurob las tom-  
Kul turen .  
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