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A STUDY OF POSSIBLE MORPHINE COMPLEXES 

FORMED WITH CALCIUM AND MAGNESIUM 
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ABSTRACT 

Morphine fluorescence spec t r a  were obtained f o r  morphine sul-  
f a t e  i n  d i s t i l l e d  water, i n  $$P so lu t ion ,  and i n  KRP s o l u t i o n s  with 
var ious concentrat ions of Ca and Mg*. No evidence of f luores-  
cence s h i f t i n g  ind ica t ive  of complex formation was observed. 
ilar s o l u t i o n s  were used i n  a potent iometr ic  study, and no evidence 
f o r  complex formation was observed. 

Sim- 

INTKUDUCTION 

Calcium has been implicated i n  many funct ions involving t h e  

nervous system, p a r t i c u l a r l y  i n  release of neurotransmit ters  and 

neuronal e x c i t a b i l i t y  , 1 Rubin and Douglas' showed that acc ty l -  

chol lne sec re t ion  from the adrenal  medulla w a s  diminished ln a 
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400 COMBS ET AL. 

calcium-free Locke so lu t ion  and enhanced i n  a calcium r i c h  so lu t ion .  

Norepinephrine release i n  v i t r o  from presynaptic nerve endings 

from rat b ra in  has been demonstrated t o  depend upon calcium f o r  

release . Calcium is involved i n  t h e  post-synaptic a c t i o n s  of 

neurotransmit ters4,  and in t h e  propagation of nerve impulses , 

Calcium a l s o  al ters t h e  permeabili ty of nerve membranes6, a l te rs ,  

-- i n  v i t r o ,  t h e  a c t i v i t y  of nerve c e l l  a c t i v i t y  

transducer of many hormone receptor  i n t e r a c t i o n s  . 

3 

5 

7 and is a primary 
8 

Magnesium appears t o  compete with calcium f o r  membrane bind- 

and i n t e r f e r e s  with Ca* en t ry  i n t o  presynapt ic  termi- 
9 

The Mg* ion is a l s o  thought t o  have an e f f e c t  on the  

ing sites 
10 nola  . 

sodium pump and is a known cofac to r  i n  Na -K ATPase . + +  11 

There have been many r e p o r t s  t h a t  calcium may have a d i r e c t  

r o l e  i n  the ana lges i a  produced by n a r c o t i c  drugs,  Morphine was 

found t o  i n h i b i t  potassium ion-stimulated oxygen uptake only i n  

mediums with l i t t l e  o r  no calcium , Halliday and E l l i o t t  12 13 

L showed that morphine can depress  t h e  QO content  of rat  c e r e b r a l  

co r t ex  slices i n  the  presence of calcium ions.  N i sh ig i sh i  re- 

ported morphine i n i t i a l l y  caused an inc rease  in blood calcium and 

Wegar and ha le r”  reported that a high calcium d i e t  delayed t h e  

development of tolerance.  

duces a progreer ive c a l c i n u r e s i s  i n  rats“ and a decrease i n  b ra in  

14 

Chronic morphine treatment a l s o  pro- 

which can be blocked by the  na rco t i c  an tagon i s t ,  

18 naloxone , 

Kalcunaga, e t  a1.l’ demonstrated t h a t  i n t r a c i s t e r n a l  i n j e c t i o n s  

of calcium i n t o  mice antagonized the  analgesic  e f f e c t s  of morphine, 
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POSSIBLE MORPHINE COMPLEXES 401 

21 This e f f e c t  w a s  a l s o  demonstrated by Kaneto”. 

provided evidence t h a t  i n t r ace reb roven t r i cu la r  i n j e c t i o n  of Ca , 
Mg* of Mn 
* *  

Sr , Ba , Ni*, Hg* and Cd* were not  an tagon i s t i c .  This work 

a l s o  demonstrated t h a t  pretreatment with pargyl ine o r  6-hydroxy- 

Harris, e t  a l .  
* 

* antagonized t h e  ana lges i c  e f f e c t s  of morphine but  

dopamine did not a l ter  the  e f f e c t  produced by t h e  va r ious  ions  

and that t h e  calcium ionophore X537A po ten t i a t ed  t h e  n a r c o t i c  

an tagon i s t i c  e f f e c t  of low doses of Ca , Decalcifying agents  

have a weak ana lges i c  e f f e c t  themselves and p o t e n t i a t e  t h e  anal- 

-I+ 

gesia  produced by morphine 
* 

The d i r e c t  involvement of Mg i n  morphine ana lges i a  is  less 

s u b s t a n t i a l .  

acute  dose of morphine caused hypermagnesemia i n  rats. 

Vachon and Marchand” have demonstrated t h a t  an  

The e f f e c t  

was dose-dependent and antagonized by nalorphine.  

phine treatment was associated with an increased magnesium ex- 

c r e t i o n  . Fong, e t  al .25 showed Mg concentrat ion changes i n  

s k e l e t a l  muscle microsomal f r a c t i o n s  but not i n  the  nuclear  o r  

mitochondria1 f r a c t i o n  of ch ron ica l ly  morphinized rats. 

-- a t  a1.26 showed t h a t  t h e  a c t i o n  of leval-lorphan upon c u l t u r e s  of 

E. c o l l i  is  dependent upon t h e  concentrat ions of Ca* and.Mg* i n  

Chronic mor- 

24 U 

Devynclz, 

the medium. 
* * and Mg The importance of t h e  Ca ions i n  ana lges i a  has  

prompted t h i s  study of t h e  p o s s i b i l i t y  of c m p l e x  formation wi th  

morphine and naloxone. 

indicated t h a t  such a complex is formed. A spectrof luorometr ic  

Our preliminary semiempirical  c a l c u l a t i o n s  
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40 2 COMBS ET AL. 

studyz1 had indicated t h e  p o s s i b i l i t y  of morphine-formed complexes 

with Ca* and Mg 

attempting t o  repeat  t h a t  spectrof luorometr ic  s tudy.  

Methods 

+t . Our f i r s t  e f f o r t  then was d i r ec t ed  toward 

Modified Kreb's Ringer Phosphate (KRP) bu f fe r s  with pH 7.4 

- + 0.007 were prepared containing 6.5 mM NaC1,  and t h e  following 

mU r a t i o s  of CaC12 t o  MgS04; 0:1.3, 0.5:13, :.0:1.3, 1.5:1.3, 

2.0:1.3, 1.0:0.0, 1.0:0.65, 1.0:1.95, and 1.0:2.6. A r e fe rence  

bu f fe r  w a s  a l s o  prepared containing no Ca* of Mg*. 

N a C 1 ,  and MgSO,, were obtained from the  J. T. Baker Co. and were 

"Analyzed" grade reagents .  The KH2P04 and K2HP04 were obtained 

from Matheston, Coleman and Bell were enzyme q u a l i t y  reagents .  

The KC1,  

Morphine sulphate ,  shown t o  be pure by t h i n  l aye r  chromato- 

graphy, was incubated i n  the  b u f f e r s  a t  37" C. The fluoresence 

spec t r a  of the incubated s o l u t i o n s  was measured i n  an Aminco - 
Bowman Spectrophotofluorometer obtained from t h e  American Instru-  

ment Co. of S i l v e r  Spring, Maryland equipped with a Mercury- 

Zenon Arc Lamp and a 1 P21 s l i d e  on photomult ipl ier  tube. S l i t  

widths ware 2 nm except f o r  t he  pm r l i t  width which w a a  5 nrn. 

In  t h e  potent iometr ic  experiment, a Radiometer pH M 56 pH 

meter was used with a Gilmont microburette.  The experiment was 

performed under a N2 atmosphere and using a wte r - j acke ted  t i tra- 

t i o n  v e s s e l  kept a t  25.0 - 0.1 O C .  The t i t r a n t  was NaOH a t  0.218 

W0.1 M i o n i c  s t r e n g t h  with NaC104. The morphine concentrat ion 

w a s  3-4 x M, t he  [Ca ] was 5.27 x M, and the  [Mg ] 

was 5.60 x M. 

+ 

+t * 
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403 POSSIBLE MORPHINE COMPLEXES 

RESULTS 

Morphine sulphate (1 mM) was incubated i n  d i s t i l l e d  H20 for 

30 minutes a t  3 7 O C  and the fluorescence spectra determined (Figure 

1). Excitation and emissionmaxima are seen at  290 and 360 nm 
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FIG. I 

Fluorescence excitat ion ( so l id  l i n e )  and emission (dotted line) 
spectra for morphine s u l f a t e  (ImM) in d i s t i l l e d  water. 
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404 COMBS ET AL. 

respect ively.  

morphine sulphate  ( 1  mM) incubated i n  KRP containing no Mg+2 o r  

Ca+2 ions (Figure 2). 

of 290/360nm w a s  indicated,  Morphine su l fpha te  incubated in KRP 

containing 1.0 mM Ca'2 and 1.3 mM Mg+2 y i e l d s  spec t r a  which a l s o  

Fluorescence spec t r a  were then ob.tained f o r  t he  

No s h i f t  i n  t h e  exci ta t ion/emission maxima 
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Fluoreacence excitation ( so l id  line) and amirsion (dotted l i n e )  
rpec t r a  fo r  morphine sulphate  (M) in KRP so lu t ion  and no mecal 
ions present  
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POSSIBLE MORPHINE COMPLEXES 405 

have e x c i t a t i o n  and emission maxima a t  290 and 360 nm r e spec t ive ly ,  

An example spectrum is  shown i n  Figure 3. 

t he  maxima is  taken a s  an ind ica t ion  t h a t  t he re  is very l i t t l e  

or  no complexation of morphine sulphate  with Ca"2 of Mg+2 ions.  

The lack of a s h i f t  of 
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FIG. 3 

Fluorescence e x c i t a t i o n  ( s o l i d  l i n e )  and emission 
spectra  fq5 morphine sulphate  ( l a )  in KRP s o l u t i o n  containing 
1.0 mM Ca 

(dot ted l i n e )  

and 1.3 mM Mg+2. 
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406 COMBS ET AL. 

In order t o  determine i f  e i t h e r  time 0: metal ion concen- 

t r a t i o n  would inf luence the  formation of a complex, morphine 

sulphate  ( 1  mM) was incubated a t  37OC i n  KRP bu f fe r s  pH 7.4 with 

the following Ca+2/Mg 

1,0:1.3, 1.5:1.3, 2.0:1.3, 1 . 0 ~ 0 . 0 ,  1.0:0.65, 1,Oa1.95 and 1.0:2.6. 

Exci ta t ion and emission spec t r a  were obtained t o r  each s o l u t i o n  

+2 mM r a t i o s :  O.Oz0.0, 0.0:1.3, 0.5:1.3, 

immediately a f t e r  preparat ion and then again a f t e r  s i x  hours of 

incubation. 

co l l ec t ed  were 305 and 360 nm. 

d i c a t e  complex formation was observed i n  any of t h e  spec t r a .  

Exci ta t ion and emission maxima of a l l  of t h e  s p e c t r a  

No s h i f t i n g  of t h e  spec t r a  t o  in-  

Potentiometric t i t r a t i o n s  were performed on morphine s o l u t i o n s  

alone and i n  t h e  presence of e i t h e r  Ca2+ o r  Mg2+. 

t h e  r e s u l t s  of a t y p i c a l  t i t r a t i o n ,  

i n  t h e  presence of metal ions,  morphine p r e c i p i t a t e s  a t  pH 8.2, 

redissolving again a t  pH 10.3. As is evident i n  Figure 4,  the 

presence of Ca2+ has no de tec t ab le  e f f e c t  on the  t i t r a t i o n  curve 

f o r  morphine alone. 

morphine they must be very weak. 

presence of 1.84 X 

complex formation. 

Figure 4 shows 

When t i t r a t e d  e i t h e r  a lone o r  

Thus, if Ca2+ o r  mg2+ form complexes with 

A t i t r a t i o n  of morphine in t h e  

Cu2+ a l s o  gave no de tec t ab le  evidence f o r  

Based on these two sets of da t a ,  w e  must conclude t h a t  i f  

morphine forms a complex with e i t h e r  calcium o r  magnesium, it is 

beyond t h e  l i m i t s  of de t ec t ion  of these experiments. 

d i r e c t  c o n t r a s t  with previously published data .  21 

i p a t e  that t h e r e  would thus be no complex formation of morphine 

with calcium o r  magnesium under physiological  condi t ions.  

This is i n  

We would a n t i c -  
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POSSIBLE MORPHINE COMPLEXES 40 7 

FIG, 4 

Potenttometric titration of morphine with NaOH, The solid line is 

for titration of morphine alone ([~mrphine]~ - 3.56 X 10’3g, The 
atarred points are for titration of morphine in the presence of 
Ca2+ ( [Ca2+] - 5.27 X 10-1 ,  [m~rphine]~ - 3.54 X 10-3~) .  TI- 
trant is 0.21% NaOH, 25.0 * 0.1.. u - 0.1 (NaC104). 
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