
Short communications IS51 

30. J. Reddy. D. J. Svoboda and D. L. Azarnoff. Biochm. 35. R. S. Koff. L. J. Davidson. G. Gordon and S. M. Sabc- 
hiop/i~\. Res. Commu,~. 52, 537 (1973). sin. Erpl molec~. Path. 19. 168 (I 973). 

31. E. Martin and G. Feldmann, Path. Bid. 22, 179 (1974). 36. F. Hutterer. F. Schaffner. F. M. Klion and H Poppet-. 
31. R. Hess, W. Staubli. and W. Riess, Naturr, Land. 208, ScicrIce, R’. k: 161. 1017 (1968). 

X56 (1965). 37. J. R. Fouts. in Coucrptv irt Biodwmic~ol Pl~c~~r~~trc~~~lo~/~ 

73. A. Kancko. S. Sakamoto. M. Morita and T. Onoe. (Eds. B. B. Brodie and J. R. Gillette), p. 243 Spl-ingcr, 
Tolloku J. r’y,‘. M~~tl. 99. Xl (1969). Berlin (1971). 

33. N. J. Lewis. D. T. Witiak and D. R. Feller. Proc. Sot. 
c’y,>. Uiol. i\lc,cl. 145. 2X I (I 974). 

Binding of narcotics and narcotic antagonists to 
triphosphoinositide 

(Rccei& 13 Srptemhrr 1975: accepted 7 Norc,mhrr 1975) 

Triphosphoinositide occurs mainly m the brdln as a con- 
stituent of membrane. It is both water soluble and lipid 
soluble and has five negative charges concentrated in a 
molecule of about 1000 molecular weight. A role for tri- 
phosphoinositide in nerve transmission has been con- 
sidered based on the observation that calcium ion can che- 
late with triphosphoinositide [I] and that phosphate turn- 
over rate m triphosphoinositide is very rapid [2]. Apart 
from its physiologic functions. triphosphomositide may 
also be involved in opiate action. 

(MPI), 5”” diphosphoinositide (DPI) and 70”,, triphos- 
phomositide (TPI). The stability of TPI was exammed by 
the azure assay method 191: TPI was stable over a yea! 
when stored at 25’ in chloroform~methanol (19: I, 1, \J; 
under neutral pH in water. in heptane, or in octanol. TPI 
was stable over a month. 

It has been reported that morphine administration can 
deplete hrain calcium in animals 13.41 and. smce the level 
of calcium tluctuates with the level of triphosphoinositide 
[5]. there is a possibility that the action of morphine may 
Involve triphosphoinositide. To find any fluctuation in the 
triphosphoinositide pool during the morphine action may 
be futile. as the majority of triphosphoinositide is merely 
a part of myelm structure. and only a small part of total 
pool size may fluctuate. MulC [6] studied the turnover 
of triphosphoinosltide and found it to he increased during 
morphme treatment. 

Two methods were used to study the binding of narcotic 
agonists or antagonists in various solvent systems. The 
binding was quantified by determining the concentration 
of drug needed to inhibit [3H]levorphanol bindmg to trl- 
phosphoinositide by 50 per cent (1~~~). 

It has been reported that acidic lipids, including trlphos- 
pholnositide. can hind with opiates with different atfinities 
in ditferent media. Thus. in the organic phase. morphine 
IS bound more than naloxone, while in the water phase 
the rekcrse ih true. The differences in binding properties 
have been related to biologic activity.* This communica- 
tion reports a further study on the binding of three nar- 
cotic agonist- antagonist pairs to triphosphoinositide. 

[3H]Naloxonc hydrochloride (23.6 Ciim-mole) was 
obtained from New England Nuclear, and morphine sui- 
fate from Mallinckrodt. The tartrate salts of levorphanol 
and [-‘H]le\orphanol (2,4Ci/m-mole) were donated by 
Hoffmann-La Roche and naloxone hydrochloride by Endo 
Laboratories. Triphosphoinositide was extracted from rat 
brain and purified by the method of Michell L’I (11. 171. 
Based on the total and individual lipid phosphorus analy- 
ses after thin-layer chromatography with potassium oxa- 
late impregnated Silica gel H plates and development with 
a solvent system of chloroform~methanol~4 N NH,OH 
(9:7:2, v:v) LX]. the preparation was established to contain 
no llpids other than phosphoinositide lipids which were 
present in the amount of l”,, monophosphoinositide 

Oryunic .solrenr-water purtitm. This method conslsted 
of the addition of l-ml of radioactive drug of varying con- 
centrations in water at pH 6.0 to I ml of triphospholnosit- 
ide solution in heptane or octanol in a glass tube. 
13 x 100 mm. and vortexing the mixture at medium <peed 
for 1 min. After the mixture was centrifuged at 1500~, for 
10 min. an 0.5-ml aliquot of both phase\ was rcmobed and 
the radioactivity was determined by liquid scintillation 
spectrophotometry with IOml of Scinti Verac solution 
(Fisher Scientific Co.): the counting of an elliciency 
in this system was determined to about 40 per cent. The 
amount of drug bound to TPI in the organic phase was 
calculated by the simplified equation of Webcr (‘1 trl. [IO]: 
M, = M, - P x M, - M,., M, being the amount of drug 
bound by TPI in the organic phase. M,. the total amount 
of drug used, P. the partition coetlicient of drug between 
the organic phase and the aqueous phase, and nf,,.. the 
amount of drug in aqueous phase. The dissociation con- 
stants of various TPI&drug complexes were obtained h> 
Scatchard analysis [I I]. M,!M, = -Mh, K, + #!I,,, k,,.t 
M, being the amount of drug bound, M,. the amount 01 
free drug, M,, the maximum amount of drug which could 
be bound, and K,, the dissociation constant of the TPI 
drug complex. The heptaneewater partition was used to 
obtam ID5g values of various drugs using 5 &ml of tri- 
phosphoinositide and 5 x IO-* M[3H]levorphanol and 
varying concentrations of a test drug. 

*T. M. (‘ho. Y. C. Wu. J. S. Cho. H. H. Loh and 
E. L. Way. manuscript In preparation. 

tThis equation is obtained by multlplying the orIgInal 
Scatchard equation by the amount of TPI added. 

Equilih~ium dicrl~sia. A solution of triphosphoinositide 1n 
chloroform~methanol (19:l) was dried i,l IU(‘UO with a 

‘rotatory evaporator and the residue was sonicated in water 
at pH 6.0 to make a O.Ol”,, liposome solution. A coil of 
dialysis Visking membrane was boiled in I mM EDTA 
solution and then in distilled water and soaked in water 
at room temperature for several hr. A dialysis cell of I ml 
capacity was assembled with a piece of Visking membrane 
separating the inner from the outer chamber. each contalll- 
ing a small glass bead for the purpose of agitation ‘The 
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FIN. I. Scatchnrd analysis of Icvorphanol and naloxone 

blnd~np to triphospholnosltide. (a) [3H]lc~orphanol bind- 
ing to 5 big triphosphoinoaitide in heptane by the partition 
method. th) [‘H]naloxonc blndmg to 50 log triphos- 

pholnoslttdc in octanol b! the partition method. (c) 
[‘ll]nalo4onc binding to lOO/~g triphospholnositide in 

cater by the equilibrium-dialysis method. 

Inner chamber \\;I\ tilled with 0.2ml of O.OI”,, trlphos- 

phomwtide liposome soIutlon. and the outer chamber was 
tilled with 0.2ml of [‘Hlnaloxonc of var(ing conca- 
trations in water at pH 6.0. The cells were shaken for 2 hr 

and the radioacti\it> of the solution from each chamber 
was dctcrmincd by liquid scintillation apectrophotometry. 
The results \vere analyzed h> the Scatchard method as dc- 

srlhed previously. 
BindIng of opiate to triphospholnosltidc 111 the various 

solLent systems ~a5 studied over :L wide range of conccn- 
trations lrom I x IO ” to I x 10 ’ M. A plot of the data 

according to Scatchard [I I] ib shown in Fig. I: the 
ordinate indicates the ratio of bound to free drug. and 
the abscis,. the conccntratlon of the drug bound. The 
reciprocal of the slope of the curve gives the dissociation 

constant lor the drug triphosphoinositide complex in that 
pa~-t~a&~r sol\cnt. The attimty of the drug for triphos- 
phoinovtlde is the reciprocal of the d~\wc~at~on constant 
of the drug trlpllosphoinosltide complex. Thus. a steep 
4opc jiclds a IOU dissociation constant. and this retIects 
;I high allinitj site that becomea saturated at B low drug 
concentrntion. As the drug concentration increases. other 
sitcs with lower atiinities become gradually saturated As 
shown in Fig. la. the lewrphanol binding to triphos- 
phoinositldr in heptane qleldcd dissociation constants of 
1.1 X IO “M and 6.7 x IO ’ M. 

Flgurc I (pad? h and c) shows the Scatchard plot 01 
the [.‘H]nnloxone blndlng in octanol and in water respcct- 
i\cl). The dissociation constant of naloxone binding in 

*T. M. Cho. Y. c’. Wu. .I. S. Cho. H. H. Loh and E. 

L. Wa>. munuscrlpt in preparation. 

Tublc I The III~,, of the three oplatc aponsts and thclr 
corrapondinp antagonlats determined with the Irbor- 

phunol hcptanc system* 

Le\ orphanol 1s x IO “M 

L,c\allol-phar 1.1 X IO -M 

Mnl-phlnc 1.9 X IO X M 

Kalorphinc 2.5 X IO M 

Ox~morphonc 2.1 r IO iv 
Naloxvnc 1- x IO hl 

* III~,, I, delined ah the conccntratla~~ of drug 111 hcptane 

rquired to Inhibit the blndlng of 5 x 10~ ’ M [‘M]lc\or- 
phenol to 5 ,~p tt-ipho\phoinositide hq 50 per cent. 

In order to compare the blndlng of three agoni\t anta- 

goni\t pairs to tl-ijlhoul7holnositidc. the !I),~~ to inhihit the 
binding of 5 x IO ’ M [‘HII c\orphanol to 5 jtg trIpho\- 

pholnosltidc was dctcl-mined uslnp the hcptane water par- 

tition method. The results. a\ summarired in Tahlc I. have 

been corrected for the partition of drug5 in hrptane and 
water [ 161. The partition coellicients. P,, j(, of the drugs were 
ah follows: levorphanol 0.01 I Ic\allorphan 0.04. morphine 
0.0005. nalorphinc 0.0035. <>pymorphonc 0.002. and nalox- 

one 0.008. Since it had been hhown in similar experiments 
that analgctlc potency of narcotic drugs b) IIitr;I~clltrIcLI[;l 
administration corrclatcd with their abilit) to Inhihlt Iaor- 

phanol binding to cerebroside wlfatc. It is clear that the 
drug concentration iii hcptane is more crucial than that 
in water for determining the [t)qo of each drug [lh] In- 

wrlahlj. the aitinlty of TI’I for agonist was hlphcr than 
that for its corrcupondin g antagonist Thus. wth each pair. 

the II> i. of agonist was Ia\ than that of It\ antagonist 

analog. i.e. lewrphanol < Icvallorphan: morphine c na- 

lorphlne: o\ymorphone < n;~Iosone. 
With respect to the sodium wn otTcct on opute bindlng 

to triphosphoinosltIdc. the blnding of L31i]levorphanol 
was Inhibited completely hy IOOmM NaCl. while that 01 

[‘H lnalosonc was not atfectrd. a’i shown in Table 7 
Blndlng of opiate to trlphospholIlosltide had a dltferent 

set of optimum cxperimcntal conditions for each particular 
drug. For le\orphanol. it \+a In the heptane water parti- 
tlon system at 5,fig ml of concentration: for n;iIoxone. it 
was in an octanol batcr \)\tcm at 50 ~‘g nil of conccn- 
tration. AI shown 111 Fig. I (panels ;I and b). the disw~- 

tlon constants for Ic~orphanol binding h> the hcptanc 
water pnrtltion method were k, = I I Y IO * M and 
K2 = 6.7 X IO ’ M and that li)l- nalo\onc hindtng h) the 

octanol Mater partition method wits 2.1 I IO ” hl I.rom 
our cxpcricncea with opiate binding to .ICI~IC Ilpld\.* It 
I\ obviou\ that Iuorphanol binding to acldlc Itpld\ 

Amount bound 
(plllolcs~ 

Opiate 

~‘H]levorphonol 
L”H]nalowone 

Without With “,, Inhibttwn 
NaCl NaCI hy %(-‘I 

22.06 0.5h ‘17 

2.87 .I08 0 
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occurred at the heptane-water interface, where the lipids 
exrsted in at least two conformations yielding two dissocia- 
tion constants. while naloxone binding to acidic lipids in 
the octanol-water system occurred in the octanol phase, 
in which the lipids existed as one molecular state produc- 
ing one dissociation constant. 

It was evident that octanol inhibited protonation of 
naloxone and. if protonated naloxone was the binding spe- 
cies, binding could be inhibited; consequently, the true 
constant should be much lower than the observed dissocia- 
tion constant. 2.2 x 10eh M. In order to remove this factor 
of inhibited protonatron. we resorted to the equilibrium 
dialysis method using lOO~g/ml of concentration which 
nearly simulates the triphosphomositide level in the rat 
brain. As shown in Fig. Ic, the dissociation constant of 
naloxone binding in water by the equilibrium dialysis 
method was X x IO-” M which was about 270 times lower 
than that in octanol. providing evidence that protonated 
naloxone was the important spectes in naloxone binding. 
High affinity to bind opiate was evidenced by the II)” 
values of levjorphanol, levallorphan, morphine, nalorphine, 
oxymorphone and naloxone (shown in Table I) ranging 
from 5 x IO-’ to 5 x IO-” M. While these values approxi- 
mate their pharmacologically active concentrations in the 
brain. thus does not necessarily mean that triphosphoinosit- 
ide is an opiate receptor. However. the binding studies 
in the presence of sodium are compatible wtth this possrb- 
lity. As shown in Table 2. trrphosphoinositide binding of 
levorphanol is virtually completely inhibited in the pres- 
ence of 10OmM NaCl. while that of naloxone is not. The 
significance of this sodium effect on the agonist and anta- 
gonist binding can be linked with the observations made 
by Simon ct ~1. [12] and Pert and Snyder [I?] who 
reported that sodium ion decreases the binding of agonist 
but not that of antagonist to opiate receptors. Although 
the sodium ion effect on agonist-receptor binding can be 
mimicked with the triphosphoinositide liposome system. 
it is not certain that the binding noted in brain homo- 
genates involves triphosphoinositide per SV. since posf m0r- 

tern hydrolysis of triphosphoinosttide would continue to 
occur 1141. 

Lipid solubility and high affinity for opiate are common 
properties shared by cerebroside sulfate [IS. 161 and tri- 
phosphoinositide. However. cerebroside sulfate is ten times 
more abundant than triphosphoinositide in the brain and. 
under such conditions. triphosphoinositide would not com- 
pete favorably with cerebroside sulfate for agonist binding. 
On the other hand, as our results suggest, if the action 
of antagonist is facilitated in aqueous solution rather than 
in the membrane lipid.* then the antagonist binding pro- 
perty of triphosphoinositide would be more m evidence, 
since agonist but not antagonist binding would be inhi- 
bited by tissue sodium. 

There are no available studies concerning the allosteric 
elfect of triphosphoinositide on the opiate binding to cere- 
broside sulfate except our preliminary experimental results 
which indicate that triphosphoinositide itself can anta- 
gonize the levorphanol binding to cerebroside sulfate. 
Based on our present and previous findings,* one might 
expect that an agonist mrght bind preferentrally to cerebro- 
side sulfate to establish a stable “dehydrated” state in the 

*T. M. Cho. Y. C. Wu, J. S. Cho. H. H. Loh and E. 
L. Way. manuscript in preparation. 

nerve membrane. However, this stable agonistic state can 
be easily perturbed or even destroyed allosterically by the 
mtroduction of an antagonist which might bind first with 
triphosphoinositide and then facilitate a change of confor- 
mation in cerebroside sulfate from the dehydrated to the 
hydrated state. This view is consistent with the fact that. 
where there is cerebroside sulfate, there is also always tri- 
phosphoinositide, the highest concentration of both ltpids 
being found in the brain stem [17]. Based on the evidence 
we have obtained to date, it appears that triphosphoinosi- 
tide as well as cerebroside sulfate might both he useful as 
models for studying the mechamsms Involved in opiate 
agonist and antagonist action. Studies on the effect of other 
cations on drug binding to TPI and agonist--antagonist 
binding to other acidic phospholipids are in progress and 
will be reported in the near future. 

Acknorvlrdyrmrnfs-- These studies were supported by U.S. 
Army Research Contract DADA-17-73-3006. H. H. Loh 
is a recipient of an NIDA Research Scientist Career De- 
velopment Award, K2-DA-70554. The authors wish to 
thank Barbara Halperin for assistance rn the preparation 
of this paper. 

1. 

2. 

3. 

4. 

5. 

6. 
7. 

8. 

9 
10 

11 
12 

13 

14 

15 

16 

17 

REFEREhICES 

H. S. Hendrickson and C. E. Ballou, J. hid. Chem. 

239, 1369 (1964). 
R. 0. Friedel and S. M. Schanberg. J. Kwrochrm. 18, 
?I’)1 (lY71). 
T. Shikimi, H. Kaneto and K. Hano. Jup. J. Phurntrrc. 
17, 135 (1967). 
D. H. Ross, M. A. Medina and H. L. Cardenas. 
Sciencr, N. Y 186, 63 (I 974). 
J. T. Buckley and J. N. Hawthorne. J. hiol. Clrrm. 247, 
7218 (1972). 
S. J. Mule, Biochrm. Pkurmclc,. 19. 5x1 (1970). 

R. H. Michell. J. N. Hawthorne, R. Coleman and M. 
L. Karnovsky, Riochim hioph~.s. A(,tu 210. 86 (lY70). 
F. Gonzalez-Sastre and J. Folch-Pt. J. Lipid Rrs. 9, 
S32 ( 1968). 
E. L. Kean. J. Lipid Rus. 9, 319 (196X). 
G. Weber, D. P. Borris, E. De Robertis. F. J. Barrantes. 
J. L. La Torre and M. C. Llorente De Carlin, Molcc. 
Phurmuc. 7, 530 (1971). 
G. Scatchard, Ann. N.Y. Acud. Sci. 51, 660 (lY4Y). 
E. J. Simon, J. M. Heller and I. Edelman. Proc. wtu. 

Ad. Sci. U.S.A. 70, 194 (1973). 
C. B. Pert and S. H. Snyder. S~~icncc. N. ~ 17, 101 I 
(1973). 
R. M. C. Dawson and J. Eichberg. Bioclrrm. J. 96, 
634 (1965). 
H. H. Loh, T. M. Cho, Y. C. Wu and E. L. Way, 
Lifti Sci. 14. 2231 (1974). 
T. M. Cho, J. S. Cho and H. H. Loh. Life Sci. 18, 
231 (1976). 
G. Hauser. J. Eichberg and F. Gonzalez-Sastrc. Bio- 
chim. hiophys. .4cra 248, 87 (1971). 


