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SUGGESTIVE EVIDENCE FOR RECEPTORS FOR MORPHINE A N D  
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J O S E P H  W Y B R A N ,  2 T H I E R R Y  A P P E L B O O M ,  J E A N - P I E R R E  F A M A E Y  AND A N D R t ~  G O V A E R T S  

From the Departments of Immunology and Rheumatology, Saint-Pierre Hospital, Universitd Libre de Bruxelles, 1000 Brussels, Belgium 

This study reports the in vitro influence of  morphine,  
dextromoramide,  levomoramide,  and methionine-en- 
kephalin upon normal human T blood lymphocytes  by 
using the active and total rosette tests. Morphine and 
dextromoramide inhibited the percentage of  active T 
rosettes.  This effect was  completely  reversed in the pres- 
ence of  naloxone,  their specific antagonist.  The specific- 
ity was  further demonstrated by the absence of  the effect 
of  levomoramide,  the inactive enantiomere,  upon the 
rosette system. Methionine-enkephalin increased the 
percentage of  active T rosettes.  This effect was  specifi- 
cally inhibited by naloxone.  These observat ions  suggest  
that normal  human blood T lymphocytes  bear surface 
receptor-like structures for morphine,  dextromoramide,  
and methionine-enkephalin.  Such findings may  provide 
a link between the central nervous  system and the im- 
mune system. 

Human T lymphocytes  possess various surface markers. 
Among them, one is an antigen shared by both the brain and T 
cells (1). This  relationship has also been clearly identified in 
the mouse with the 0-antigen: Human T lymphocytes are easily 
recognized by their  specific abili ty to form rosettes with Sheep 
red blood cells (SRBC) (2). Morphine, its analogs, and enkeph- 
alins have been mainly studied for their  binding to neural  cells 
and in other  various isolated smooth muscle preparat ions (3, 
4). In view of the relationship between T lymphocytes  and the 
brain, the action of these drugs was investigated upon the T 
cell roset te  system. Two assays were studied: the total  T ro- 
settes, which identify all T cells and the active T rosette test, 
which is a subpopulat ion of T cells with receptors of high 
affinity for SRBC (5, 6). This  la t ter  test  is always done under 
subopt imal  conditions like low ratio of SRBC per lymphocytes  
and short  incubation periods between SRBC and lymphocytes.  
The  present  observations suggest tha t  normal  human T lym- 
phocytes bear  surface receptors for morphine and methionine- 
enkephalin. 
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MATERIALS AND METHODS 

Peripheral  blood mononuclear  cells of normal subjects were 
isolated after centrifugation over a Ficoll-Hypaque gradient. 
After washings, the cells were adjusted to a final concentration 
of 15 × 10 ~ eel ls /ml in medium R P M I  1640 with N-2-hydroxy- 
ethylpiperazine-N'-2-ethanesulfonic acid (HEPES) (Gibco Bio- 
cult). Five hundred thousand cells were used for each test 
(always performed in duplicates); they were incubated with 0.05 
ml of the drug at  37°C. The  drugs were dissolved in medium 
R P M I  1640 with HEPES.  The following drugs were used in this 
study" morphine chlorhydrade (Bios Lab., Brussels) a t  final 
concentration between 10 -t2 M and 10 -7 M, naloxone chlorhy- 
drate  (Endolab.) at  concentrations between 10 -7 and 10 -6 M, 
methionine-enkephalin (Peninsula Lab., San Carlos, Calif.) a t  
concentrations between 10 - '°  and 10 -4 M, dextromoramide and 
levomoramide (kindly provided by Janssen Pharmaceutica,  
Beerse, Belgium) at  concentrations between 10 -I2 and 10 -~ M. 
After 1 hr of incubation the cells were washed and assayed for 
rosette formation by using the active T test, the total  T test, 
and, in prel iminary experiments,  the EAC rosette test  (eryth- 
rocyte-antibody-complement) .  

All the rosettes tests were done according to previously 
published methods  (7). Briefly, for detecting the active T ro- 
settes, the lymphocytes  were incubated for 1 hr  in an equal 
volume of 0.033 ml of heat- inact ivated absorbed fetal calf serum 
(Gibco-Biocult); then, SRBC in saline were added to obtain a 
final ratio of eight SRBC to one lymphocyte.  The  tubes were 
centrifuged at  200 × G for 5 min and gently resuspended, An 
aliquot of cells was taken, put  in a hemocytometer ,  and active 
rosettes were counted with a light microscope. For  the total  T 
rosettes, 0.033 ml of fetal calf serum was added to the lympho- 
cytes as well as 0.033 ml of SRBC (final ratio: 100 SRBC for 1 
lymphocyte).  The  tubes were centrifuged for 5 min at  400 × G 
and left vertically overnight in a rack at 4°C. Then, after gentle 
resuspension, an aliquot of cells was taken for counting the 
total  T cell rosettes. 

In some experiments,  shorter  incubation t imes (5 min, 15 
min, 30 min) with similar concentrations of morphine or me- 
thionine-enkephalin were performed, followed by  washings and 
determinat ion of the percentage of active T rosettes. In other  
experiments,  the cells, first incubated for 1 hr  with one drug 
(morphine 10 -7 M or dextromoramide 10 -7 M or methionin- 
enkephalin 10 -7 M) were fmrther incubated for another  hour at  
37°C in the presence of its antagonist  (naloxone 10 -~ to 10 -12 
M). After washings, the cells were assayed for active and total  
T rosette tests. Experiments with simultaneous incubation for 
1 hr  of the drugs and their  antagonist  were also performed. The  
statist ical  analysis of the  da ta  was done with the Student  t- test  
for paired data. 
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TABLE I 

Effect o f  various drugs on the percentages o f  active and  total T rosettes (+_S.D.)" 
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I. Active T ro- 
settes 
Morphine 
Dextromo- 

ramide 
Levomoram- 

ide 
Methionine- 

enkephalin 

237 3.0f2324-3.~22.2+-40i165+- 1.3"* 
268 1.8 7.8 4 -1<26 . s  +- 3.2122.8 +- 2.1 

268 8 74 4- 21i288 +- 19 290_+ 30 

i + 
22.0+_1.4 t N.D. ] N.1). 125.0_4.6 

II. Total T ro- 
settes 

Morphine 68.0 4- 1.8 
Dextromo- 69.7 + 6.2 

ramide 69.7 + 6.2 
Levomoram- 

ide 
Methionine- 69.0 + 5.6 

enkephalin 

Drug Concentration (M 

10 -s' 10 s 10 " 10 r, 10-4 

16.1 4- 3.5** 
23.0 4- 2.3*** 

28.6 ± 2.3 

27.6 ± 5.7 

35 627 66.7 4- 2.2[68.0 + . . 4- 3.3** 61.7 ± 2.4** 
69.0 4- 3.0 67.5 _+ 2.0170.0 4- 5.0 67.5 +- 4.1 

I 
67.3 4- 4.5172.3 _+ 5.5 !69.0 _+ 3.5 171.6 + 1.5 

10-: 

i5.0 + 4.I** 15.5 +- 2.6** 
22.2 + 2.3***20.8 ± 2.9*** 

27.6 +_ 2.4 30.0 --+ 2.5 

28.3 4- 4.1 32.0 +- 4.3** 

59.7 + 1.5"* 61.2 + 1.5"* 
66.2 4- 3.6 68.7 4- 2.9 

70.0 4- 4.3 70.7 4- 4.2 

~9.0 + 5.3 71.0 _ 3.6 

N . D ,  b 

N.D. 

N.D. 

34.3 + 3.2 *~ 

N . D ,  

N.D. 

N . D .  ii?+ 7 

N . D ,  

N.D. 

N.D. 

37.0 + 1.0"* 

N.D. 
N.D. 

N.D. 

67.0 + 3.5 

i . D ,  

N.D. 

N.D. 

36.0 +_ 2.0** 

N . D .  

N.D. 

N.D. 

67.0 ± 3.6 

"The  data are the average results of five experiments done in duplicate. The statistical analysis compares the results between controls (no 
drugs) and the others: significant difference is marked by two asterisks (p < 0.02) or three asterisks (p < 0.0I). The others are not significantly 
different. 

N.D., not done. 

R E S U L T S  

T a b l e  I shows  t he  in f luence  of  1-hr  i n c u b a t i o n  w i th  var ious  
d rugs  u p o n  ac t ive  a n d  to t a l  T cell r o se t t e s  f o r m a t i o n  p e r t b r m e d  
in five d i f fe ren t  i n s t a n c e s  wi th  five d i f fe ren t  l y m p h o c y t e s  do- 
nors.  In  all five expe r imen t s ,  m o r p h i n e  dec reased  t he  pe rcen t -  
ages  of  ac t ive  a n d  to t a l  T rose t t e s  w i th  c o n c e n t r a t i o n s  equa l  or 
h i g h e r  t h a n  10 -1° M. D e x t r o m o r a m i d e ,  w i th  s imi la r  concen t r a -  
t ions ,  also s igni f icant ly  dec rea sed  t h e  p e r c e n t a g e  of  ac t ive  T 
r o s e t t e s  in  all  t h e  expe r imen t s .  L e v o m o r a m i d e  did  no t  modi fy  
t h e  p e r c e n t a g e  of ac t ive  or t o t a l  T rose t tes :  m e t h i o n i n - e n k e p h -  
a l in  s igni f icant ly  inc reased  t h e  p e r c e n t a g e s  of  ac t ive  T rose t t e s  
a t  c o n c e n t r a t i o n s  equa l  to or  g r ea t e r  t h a n  l0  -7 M in all f ive 
expe r imen t s .  I t  d id  no t  af fec t  t h e  to ta l  T cell pe rcen tage .  N o n e  
of  t h e s e  d rugs  in f luenced  t he  E A C  p e r c e n t a g e s  ( resul ts  no t  
shown) .  

Kine t i c s  s tud ies  were  e s t ab l i s hed  for  t h e  ac t ion  of  m o r p h i n e  
a n d  e n k e p h a l i n  by  us ing  t he  ac t ive  T test .  Af t e r  5 m i n  of  
i n c u b a t i o n  w i th  e n k e p h a l i n  or  m o r p h i n e ,  no  effects  were  de- 
tec ted .  Af te r  15 m i n  of i ncuba t ion ,  t h e  full i n h i b i t o r y  effect  of 
m o r p h i n e  was a l r eady  d e t e c t e d  a n d  was  n o t  modi f ied  w i t h  
longer  i ncuba t ions .  Similar ly ,  t h e  e n h a n c i n g  ef fec t  of  m e t h -  
i o n i n - e n k e p h a l i n  was  a l r e ady  obse rved  a f t e r  15 m i n  of  incuba-  
t ion  a n d  was  no t  modi f ied  w i th  longer  pe r iods  of  i ncuba t ion .  

T a b l e  II  i nd ica t e s  t h e  effect  of na loxone  u p o n  r o se t t e  for- 
m a t i o n ,  in  four  d i f fe ren t  expe r imen t s ,  a f t e r  a f i rs t  i n c u b a t i o n  
w i t h  m o r p h i n e ,  d e x t r o m o r a m i d e  or  m e t h i o n i n e - e n k e p h a l i n  a t  
a c o n c e n t r a t i o n  of  10 -7 M. N a t o x o n e  comple t e ly  i n h i b i t e d  t h e  
effect  of  t h e s e  drugs.  T h i s  revers ib i l i ty  was  a l r eady  comple t e  a t  
10 -8 M of  na loxone  for m o r p h i n e  a n d  d e x t r o m o r a m i d e  a n d  a t  
10 -6 M of  na loxone  for m e t h i o n i n e - e n k e p h a l i n .  Na loxone  by  
i t se l f  for  10 --6 M, 10 -7, a n d  10 -s M did  n o t  mod i fy  t he  p e r c e n t a g e  
of  ac t ive  or  to t a l  T r o s e t t e s  (ac t ive  T r o s e t t e s  in % _+ S.D.: 24.6 
_+ 4.0 for 10 -6 M, 24.8 ± 3.8 for  10 -7 M, 24.2 ± 4.9 for  10 -s M. 
T o t a l  T r o s e t t e s  in  % ± S.D.: 68A ± 5.8 for  10 -6 M, 68.6 ± 6.7 
for  10 -7 M, 71.8 ± 3.5 for  10 -6 M).  W h e n  t h e  cells were  f irst  
i n c u b a t e d  wi th  na loxone  a t  10 ~6 or  10 -7 M, no  r e d u c t i o n  or  

TABLE II 

Percentages o f  active and  total T rosettes (+-S.D.) obtained after one 
incubation o f  cells with morphine, dextromoramide, or methionine- 

enkephalin at 10 -~ M followed by second incubation without or with 
naloxone at  10 -~, 10 -r, or 10 -~ M "  

Naloxone Concentration {M) 

__. 0 l 10-~ 

J 
15.5 -+ 2.6 22.7 + 4.1"* 

20.8 + 2.9 26.8 + 2.9*** 

10 r 10-~ 

I. Active T ro- 
settes 

Morphine 23.2 4- 2.9** 24.5 4- 3.1"* 
(10 _7 M) 

Dextromo- 27.0 + 2.1"** 27.6 + 3.6*** 
ramide 
(I0 7 M) 

Methio- 32.0 +- 1.9 30.0 4- 4.3 27.3 ± 1.I 24.0 4- 2.6* 
nine-en- 
kephalin l 
(10 ~ M) I 

J 

II. Total T ro- 1 ~6 
settes I 

-t- ** Morphine 61.2 +_ 1.968.2 _ 2.9 8.0 + 2.4** 68.7 _+ 3.3** 
(10 r M) _ _ _ _ _  

" The data are the average of four experiments don~ in duplicate. 
The statistical analysis compares the percentage obtained in the ab- 
sence of naloxone or in its presence. 

a u g m e n t a t i o n  of  t h e  p e r c e n t a g e s  of  ac t ive  or  to t a l  T r o s e t t e s  
were  de tec ted .  

In  t h r e e  o t h e r  expe r imen t s ,  t he  r ange  of na loxone  was ex- 
t e n d e d  f rom l0  -12 M to 10 -7 M a f t e r  a f i rs t  i n c u b a t i o n  of  1 h r  
w i th  m o r p h i n e  or  d e x t r o m o r a m i d e  of  10 -7 M by  us ing  t h e  ac t ive  
T test .  S ign i f i can t  r evers ib i l i ty  of  i n h i b i t i o n  was  seen  up  to  a 
c o n c e n t r a t i o n  of  10 -1° M of  na loxone .  T h e  fol lowing resu l t s  
were  ob ta ined :  con t ro l s  (no drug):  31.3 _ 1.5%, m o r p h i n e  10 -7 
alone:  17.1 __ 1.0%, m o r p h i n e  10 -7 M plus  na loxone  10 -I~ M: 
19.7 + 0.6% (p < 0.05 to  controls) ,  m o r p h i n e  10 _7 M plus  
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naloxone 10 -1° M: 23.0 __. 5.6% (nonsignificantly different from 
controls), morphine 10 -7 M plus naloxone 10 -9 M: 26.0 +_ 5.3% 
(nonsiguificantly different from controls). Three similar exper- 
iments were performed with a range of various naloxone con- 
centrations added after a first incubation with dextromoramide 
at 10 -7 M by using the active T rosettes test. The reversibility 
of the inhibition was observed up to 10 -s M of naloxone. The 
results are as follows: controls (no drug): 29.3 + 2.5%, dextro- 
moramide 10 7 M alone: 16.7 + 2.3%, dextromoramide 10 7 M 
plus naloxone 10 -9 M: 20.3 _+ 0.6%, (p <: 0.05 compared to 
controls), dextromoramide 10 -7 M plus naloxone 10 -s M: 28.3 
_ 2.5% (not different from controls). When naloxone (10 -7 to 
10 -'2 M) and morphine (10 -7 M) were incubated simultaneously 
for 1 hr before determining the percentages of active rosettes, 
the naloxone reversibility of inhibition was seen in all the three 
experiments performed. Reversibility was detected up to a 
concentration of 10 -~° M of naloxone: controls: 29.7 _+ 2.5%, 
morphine 10 -~ alone: 18.0 + 1.0% (p < 0.05 compared to con- 
trols), morphine 10 7 M plus naloxone 10 -1° M: 21.3 +_ 6.1% 
(nonsignificant from controls). These results were thus similar 
to the ones obtained where naloxone was incubated after mor- 
phine. 

Similar three experiments were conducted for naloxone and 
dextromoramide, namely simultaneous incubation of the drugs 
for 1 hr and determination of the percentages of active T 
rosettes. Naloxone reversed the inhibition of dextromoramide 
10 -7 M up to a concentration of 10 -9 M: controls: 30.7 _+ 2.5%, 
dextromoramide 10 -7 M: 18.0 _+ 1.7%, dextromoramide 10 -7 M 
plus naloxone 10 -9 M: 21.0 _+ 1.0% (p < 0.05 compared to 
controls), dextromoramide 10 7 M plus naloxone 10 -s M: 23.7 
+_ 7.2% (nonsignfficantly different from controls). Naloxone 
added simultaneously during the 15-min incubation experi- 
ments abolished the effects of morphine or methionin-enkeph- 
alin. 

D I S C U S S I O N  

The present observations indicate that  morphine and methi- 
onine-enkephalin influence the rosette formation between hu- 
man T lymphocytes and SRBC (Table I). Since methionine- 
enkephalin could be degraded after 1 hr in incubation time at 
37°C, shorter incubation times were also investigated. The 
effect was already observed after 15 min of incubation with the 
drug. The specificity of this phenomenon is proven by its 
complete reversibility in the presence of similar concentrations 
of naloxone, an antagonist of these drugs (Table II). Further- 
more, prior or simultaneous incubation of the lymphocytes with 
appropriate concentrations of naloxone completely prevents the 
modification of rosette formation induced by morphine or me- 
thionine-enkephalin. Other antagonists, like diprenorphine or 
nalorphine, were not used in these experiments since they have 
the disadvantage of also possessing some agonist activities that  
would have made difficult the interpretation of the results. 

Finally, dextromoramide, an active analog of morphine, has 
the same effects as morphine and is similarly reversed by 
naloxone, whereas levomoramide, the inactive enantiomere, 
does not influence rosette formation (8). This confmaas the 
stereospecificity of this phenomenon. 

On the basis of the results obtained with peripheral blood 
lymphocytes, it is proposed that  normal human blood T lym- 
phocytes bear surface receptor-like structures for morphine and 
methionine-enkephalin. Except in the case of morphine, the 
influence upon rosette formation was only detected with the 
active rosette test. This is readily explained by the fact that the 
active T test is performed under suboptimal conditions for 
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rosette formation (temperature of 37°C, low SRBC per lym- 
phocyte ratio, and short incubation time between SRBC and 
lymphocytes). Therefore, the active T test is expected to be 
more easily influenced than the total T test performed in 
optimal technical conditions (7). 

The consistently opposite effects of morphine and methio- 
nine-enkephalin on rosette formation are unusual and thus 
more difficult to explain. It may perhaps imply the presence of 
two receptors: one for morphine and some synthetic analogues 
like dextromoramide and one for methionine-enkephalin. Even 
if no opposite effects of morphine and methionine-enkephalin 
have been described in other systems, the existence of different 
kinds of opioid receptors has been conf'maaed in isolated organ 
preparations. The /s-receptors more sensitive to morphine 
would be prodominant in guinea-pig ileum whereas the 6 more 
sensitive to enkephalins would be predominant  in the mouse 
vas deferens (9). The/~ receptors would be also more sensitive 
to the reversal by naloxone. In the present study, one can notice 
that  the action of morphine was more easily reversed by nalox- 
one than that  of methionine-enkephalin (Table II). 

The findings of receptors on T lymphocytes for drugs and 
substances known to bind to nervous cells may provide further 
insight into the relations between the immune system and the 
central nervous system. Such links may be of utmost impor- 
tance in various disease states like slow virus infections, multi- 
ple sclerosis, and perhaps neurotic and psychotic disorders 
where immune mechanisms may be involved (10-12). The 
search for a role of the enkephalins may, among many, be that  
of mediator between the central nervous system and the im- 
mune system. 
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