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Association and partitioning of propranolol in model and biological membranes 
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Propranolol  IS a beta-adrenerglc receptor blocking agent 
of considerable importance However ,  m addinon to this 
specific therapeut ic  action, it also exerts a nonspeclfiC action 
on membranes  which is a membrane-stabi l iz ing effect s~ml- 
lar to that of  o ther  anes thenc  molecules Membrane  
stabihzataon as a result of  d rug-membrane  lnteracnon is 
thought  to be responsible for several of the pharmacological  
activlnes of  propranolol  [1] Prewous  at tempts  have been 
made  to unders tand  the mechan i sm of the propranolo l -  
membrane  ln teracnon at the molecular  level through in 
vitro exper iments  with model  and bmlogical membranes  
Thus ,  Godin etal [1] investigated the effects of propranolol 
on erythrocytes exposed to t rmltrobenzene sulfonlc acid 
and enzymes and concluded that reactivities were affected 
by pe r tu rbanons  in membrane  protein as well as the 
phosphohpld  components  Slmalar conclusions were drawn 
when propranolol  was reacted w~th sarcoplasmlc renculum 
vesicles [2], On  studies with hposome systems,  several 
investigators have reported a lowering of the phase tran- 
sition tempera ture  of the phospholIpM by propranolol 
addmon  [3, 4] Also,  propranolol  has been found to dis- 
place Ca :+ from binding sites on phosphollpld monolayers  
[5] The apparent  parti t ion coefficient of propranolol in 
negatively-charged hposomes  has been found to be several 
nines greater  than in neutral  hposomes  [6, 7] Propranolol 
has been found to destabilize aniomc hposomes  at con- 
centratlons which provide an antlhemolyt~c action on 
erythroeytes [8] 

The relanve Importance of the drug-prote in  and the 
d rug -phosphohpM interactions 1s still not  clearly under-  
stood for propranolol in its role as a membrane  stablhzer 
Hence,  s tudms of the uptake and pa r t monmg  of pro- 
pranolol in erythrocytes,  erythrocyte ghosts,  hposomes ,  
and the n-oc tanol -water  system were aimed at obta lmng 
additional ewdence of the nature  of these interactions 

Materials and methods 

DL-Propranolol hydrochlonde  was supphed by Ayerst  
Laboratories,  Canada L-o~-Dlmyrlstoylphosphatldyl- 
choline, 98% (DMPC)  was obtained from the Sigma 
Chemical  Co , St Louis,  M O  All other  chemicals and 
solvents were reagent  grade,  and glass-d~stllled water was 
used 

Studies with ervthrocytes Fresh human  blood was 
obtained from the Universi ty of  Alber ta  Hospital for each 
series of exper iments  Ethylene-dlamlne-tetraacet lc  acid 
(EDTA)  (0 12%) had been added as an anticoagulant 
Before each exper iment ,  the blood was washed three times 
m lsotonlc Trls buffer, ( 1 5 m M  hydroxymethylamlno-  
methane ,  50 m M  NaCI, 5 m M  glucose), pH 7 4. and then 

diluted to yield a test sample contalnmg 5-7% hcmatocrl t  
The test sample (2 ml) was diluted with a solution of the 
drug in Trls buffer  (1 ml), divided into two equal portions 
and transferred to centrifuge tubes (Eppendorf ) .  vortex- 
mixed, incubated at 37 ° for 15 mln, and then centrifuged at 
1500 rpm for 1 mm The supernatant  fraction was carefully 
removed,  and its absorbance was measured  at 288 nm (Pye 
Unlcam SP6-550 spectrophotometer)  against buffer as 
reference Absorbance  values were corrected for the 
absorbance of a blank treated similarly Experiments  with 
several blanks gave the same absorbance value verifying 
that the amoun t  of absorbing material retained in the 
supernatant  fraction was reasonably constant  on all 
occasions Concentrat ions  of propranolol were determined 
from a callbrahon cur~,e and the association or uptake 
computed  accordingly Concentra t ion-dependent  studies 
covered the range 0,1 to 2 3 mM propranolol Result ,  are 
the averages of quadruphcate  experiments  

Studzes with ervthrocvte ghosts Erythrocyte ghosts ~ere  
prepared from fresh human  blood in the following manner  
Whole blood was centrifuged at 2500 rpm for 5 mm and 
washed three t imes with normal saline solution Yhe 
pooled, packed cells were diluted fourteen times ~ith ~ce- 
cold isotonic T n s / E D T A  solution (1 mM EDTA) ,  mixed 
for 10 mln,  and then centrifuged (36.000g, 37 ° 30 rain) 
(Beckman L8-55 cenmfuge)  Subsequen tb ,  the super- 
natant  fraction was removed,  and the pellet ,~as re- 
suspended m T n s / E D T A  and centrifuged again (36 000 g 
37 °, 15 ram) Following this t reatment  the pellet ~as  then 
washed twice m 10mM Trls buffer and centrfluged as 
before Finally, the ghost cells ~ere  diluted back to the 
original volume,  and this stock suspension was used for the 
uptake studies Normally,  the test sample (4 ml of stock 
suspension) ~a s  diluted with isotonic, buffered drug solu- 
tion (2 ml), vortex-mixed,  incubated for 30 mln, and then 
centrifuged (56,000g, 37 ° 10rain) The uptake ol pro- 
pranolol by the ghost  cells was determined from the residual 
concent ranons  of the supernatant  lractlon Triplicate 
exper iments  were run and the results a~eraged 

Studies with hposomes Llposomes ~ere  prepared b) the 
method of Bangham et al [9] A thin film of DMPC (50 rag) 
was formed on the v~all ot a round-bot tom flask then 
dispersed m 5 ml of an isotonic phosphate  buffer solution 
of propranolol at approximately 40 °, and ~ortex-mlxed [or 
I0 rain. then 3 5 ml ~as  transferred to a centrifuge tube 
The hposomes  were equlhbrated at the desired temperature 
for at least 24 hr and then centrifuged ( 143,000 ~ 30 rain), 
the concent ranon  of drug in the supernatant  tracnon ~;,ts 
determined spectrophotometrlcal lv Under  these con- 
dmons ,  the residual phosphohpld in the supernatailt  It,it- 
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non is negligible [6 10] Exper iments  were run in duplicate 
with excellent rcproduciblhty 

Partmon ( oeffictent determmattons Partition coefficients 
ot propranolol in erythrocytes,  ghosts  and hposomes  were 
each calculated from the results of the uptake exper iments  
on the basis of equivalent  phosphohpld  Thus ,  the phospho-  
lipid content  of  erythrocytes and ghosts was determined 
from phosphate  analysis [1 l] of erythrocytes and D M P C  
Ervthrocvtes and ghosts were assumed to possess equiv- 
alent amounts  of phosphohpld  at 3 33% cell concentrat ions 
of each An average of 15 93 ~moles phospha te /ml  equiv- 
alent to 21 42 ulnoles phosphohp ld /ml  was found (N = 4) 
Llposome studies were normally conducted at 10 mg / ml  
(equlxalent to 14 4 #moles D M P C / m l )  Apparent  molar 
parUtion coelticlents (K')  of propranolol were calculated 
according to 

C m 
K' = - -  (1) 

C~ 

where C,. and C. are the concentrat ions m the membrane  
(mole /mole  phosphohpld)  and aqueous  phases (mole /mole  
water),  respectl,,ely 

Pa r tmon  coefficients ol propranolol in the n-oc tanol -  
aqueous  isotonic phosphate  buffer system (pH 7 4) were 
also de termined at 37 ° Ahquo t s  of aqueous,  buffered stock 
solution of propranolol  (5 ml) were combined with n- 
octanol (0 5 ml) each solvent mutual ly saturated with the 
other,  in a 25-m[ round-bot tom flask and equlhbrated in a 
shaker  water-bath Subsequently.  the aqueous  phase was 
removed by pipet and analyzed spectrophotometrlcal ly for 
propranolol Concentra t ions  in the n-octanol phase were 
de termined from the mass  balance equat ion,  and values of 
K'  were calculated according to equat ion 1 but  substi tuting 
C,,, with C, (mole /mole  n-octanol) 

Antlhemoh'sls experiments The stabilization of the 
erythrocyte membrane  aaalnst hemolysis  by hypotomc 
osmotic shock using propranolol was measured  at 37 ° at 
various concentrat ions of drug according to the procedure 
reported by Florence and R a h m a n  [12] The degree of 
hemolysis  was indicated by the extent  of release of hemo-  
globin as detected spectrophotometrlcal ly at 540 nm 
Resul ts  are expressed as the relative hemolysis (%) defined 
as the ratio of supernatant  absorbances of propranolol- 
containing cells to absorbances of controls 

Results and discussion 

The action ot propranolol as a membrane-  
stabilizing agent of human  erythrocytes subjected to hem- 
olysis by hypotonlc osmotic shock is clearly demons t ra ted  in 
Fig 1 Addit ion of propranolol to yield final concentrat ions 
varying from 10 ~ to 10 ~ M resulted in a gradual increase 
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Rclau~e hemolysis of human  erythrocytes as a 
function of propranolol concentrat ion Washed  cells were 
subjected to hypotomc osmotic shock and the extent  of  
hemoly s~s wa~ determined from absorbances of hemoglobin 

iclcased m solution at 54(1 nm 

Table 1 Association (Cm) ot propranolol with human 
erythrocytes,  erythrocyte ghosts, and dlmyrlstOyl- 

phosphat idylchohne hposomes  at pH 7 4 and 3T ~ 

Propranolol 
concentrat ion 
(mM) 

C,. (mole /molc  phosphollpld) 

Erythrocytes Ghosts  I_Jposomcs 

0 10 0 0 6  003  01)l 
0 20 0 II 0 (15 (t Ol 
0 30 0 17 (t 11 0 O2 
043  0 19 I) 12 002  
0 60 0 20 () 14 () o3 
1 2 () 47 (1 3O 
2 3 1 0 () 63 I) 11 

in stability of  the erythrocytes,  reaching a maximum 
amount  of  protection of approximately 54e}, This compares 
with 37 5% when steroids are incorporated [121 and about 
80% when the solute is tert-butylphenol [13] Howe~cl at 
concentrat ions above 2 5 raM, propranolol reversed ~ts 
effect on the erythrocyte membrane  and destabilized ~t A 
similar blphaslc behavior of propranolol on erythrocytcs 
has been reported [8], and it appears to parallel the action 
of other  anesthet lc-hke molecules with various membranes  
[1] A comparison of the association or uptake (C,,,) ol 
propranolol in erythrocytes,  ghosts, and hposomes at dif- 
ferent concentrat ions of propranolol is shown m Table 1 
Values of C,. in erythrocytes and ghosts rose only slightly 
over the range of 0 10 to 0 60 mM propranolol con- 
cent ranon but rose more  sharply at higher concentrations,  
corresponding approximately to the concentration range 
over which erythrocyte membrane  stabilization and then 
destabdization occurred In contrast,  the uptake ot pro- 
pranolol in l lposomes rose very gradually and unflormh, 
over the entire concentrat ion range but values ot (',,, were 
about an order of magni tude  smaller than in the erythro- 
cytes The  uptake in ghosts was approximately 35~:{ smaller 
up to 0 60 m M  propranolol and 46% smaller at higher 
concentrat ions than that observed in erythrocytes The 
interaction of propranolol with membranes  has been round 
by others  [1 ,6 ,8]  to involve electrostatic Interactions 
between the cation and negatively-charged binding sites on 
the cell surface, which may be protein, phosphohpld or 
both, in addition to a strong hydrophoblc effect x~h~ch 
perturbs the a r rangement  of molecules in the bllayer struc- 
ture of the membrane  [2, 4, 7] Thus ,  a reduced protein 
content  of ghost cells compared to intact erythrocytes ma~ 
account for the lower uptake of propranolol in the former 
whereas,  in addition to protein, the occurrence o( acidic 
phosphohplds  in erythrocytes and ghosts, which are absent 
in the hposomes ,  may largely account for the differences 
in C m between cell membranes  and hposomes  

Results  of the measurements  ot partition coclhclents 
(K') in erythroeytes,  ghosts,  hposomes ,  and the n-octanol- 
buffer system are depicted in Fig 2 These clearly sho~ 
that the n-octanol -buffer  system although it gencrall~ 
behaves as a distribution system that differentiates be t~een  
the relative h}drophoblc tendencies ot solutes did not 
reflect the interactions of propranolol with cell membranes  
which ga~e rise to variations in the K' at low concentrations 
of propranolol The similar concentra t ion-dependence ol 
log K'  up to about  0 6 mM in erythrocytes,  ghosts and 
hposomes  suggests that the interaction oÁ propr,lnohfl 
caused a perturbat ion in the cell membrane  and ,l possible 
change in conformation of membrane  molecules which lcd 
to a decreased capacity for propranolol Howc~cr,  it ~s 
apparent  that the elfect ot membrane  per turbauon on 
log K'  varied with the different composluons  o[ the cell 
membranes  Protein anchored in the erythrocyte mem- 
brane could minimize the perturbation of the ph(~sphohpld 
bllayers by propranohfi [61 Erythrocytc ghosts ah lch  ,ire 
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Fig 2 Log molar apparent pamtlon coefficients (K') of 
propranolol as a function of propranolol concentration in 
model and biological membranes'  (D) erythrocytes, (11) 
erythrocyte ghosts, (&) DMPC hposomes, and (O) n- 
octanol-aqueous buffer solution Temperature 37 °, pH 7 4 

partially protein-depleted, underwent greater membrane 
perturbation and possibly increased exposure of acidic 
phospholiplds to propranolol and electrostatic binding 
which could account for the slight rise m log K' in the 
low propranolol concentration region The approximate 
constance of log K' at higher concentrations implies that 
the environment for partitioning was similar in all three 
cell membrane systems with respect to bllayer structure 
and characteristics 

In summary, studies of the uptake and partition coef- 
ficient of propranolol in erythrocytes, ghosts, and hposomes 
demonstrate subtle changes occurring in the lipid matrix 
up to about 0 6 mM propranolol These changes were 
mediated by protein and acidic phosphohplds In erythro- 
cytes, interaction between propranolol and protein 
appeared to improve the stability of the cell membrane 
before sufficient propranolol had partitioned Into the lipid 
matrix to cause extensive disruption In ghost cells, per- 
turbatlon of the membrane, likely through interaction of 
propranolol with acidic phosphohpids, caused fluctuation 
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in log K' but otherwise log K' exhibited behavior similar 
to that in erythrocytes, although uptake and partitioning 
of propranolol was less The uptake of propranolol was an 
order of magnitude less in hposomes compared to erythro- 
cytes, but the uniform concentranon dependence of log K' 
and the osmotic fraglhty of hposomes In the presence of 
propranolol [8] indicate that the hydrophoblc interaction 
plays a malor role in creating membrane disturbances [141 
The n-octanol-buffer system does not serve as a suitable 
model m this instance to describe the non-specific mem- 
brane-stabdizing acuvity of propranolol 
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Effects of alloxan on S-adenosylmethionine metabolism in the rat liver 

(Received 18 October 1985, accepted 5 January 1986) 

In the rat liver up to 40% of the phosphatldylchohne 
is syntheslsed by the transmethylatlon pathway being S- 
adenosyM-methlonlne (AdoMet)* the methyl donor [1] 
Th~s pathway ~s modulated by a variety of hormones and 
by the levels of AdoMet and S-Adenosyl-l-homocystelne 
(AdoHcy) (reviewed in [2]) AdoHcy is a competitive 

* Abbreviations used AdoMet, S-adenosyl-L-methlon- 
lne AdoHcy, S-adenosyl-L-homocystelne, AdoMet-syn- 
thetase, S-adenosyl-L-methlonlne synthetase 

inhibitor of the transmethylatlon reaction Therefore. the 
ratio AdoMet/AdoHcy must be carefully controlled to 
mamtaln the cellular necessities of phosphatldylchollne In 
the liver of alloxan-dlabetlc rats the content of phos- 
phatldylchohne is lower than In control animals [3, 4] The 
activity of the enzyme phosphohpid methyltransferase is 
also reduced m liver microsomes of alloxan-dlabetlc rats 
[5] We have measured the levels of AdoMet and AdoHcy 
and the synthesis of phosphatldylchollne by the transme- 
thylanon pathway in hepatocytes isolated from alloxan- 


