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The effect of sodium carbenoxolone on the permeabiIit~ of 

phosphatid~I~holine and phosphatid~lcholine: cholesterol liposomes 

(R<~~,iwt/ I6 D~c~rdwr~ 1975 : cuqvd 6 Fchrrrtr~~~~ 1976) 

Sodium carbenoxolone has been widely used in the treat- 
ment of gastric ulcer since the first successful trials of Doll 
and colieagues [I. 21. Its specific mode of action however. 
remains unknown although many of its pharmacological 
and biochemical propertics have been described [3 h]. 

Among the interesting properties of sodium carbcnoxo- 
lone which improves the defcnce mechanism of the stomach 
is its ability to stimulate the amount of gastric mucus se- 
creted. Johnston ~‘f cit. [7] have shown that the incorpor- 
ation of many hexosc sugars into the glycoprotein fraction 
of the gastric mucosa of man. ferret and the rat is increased 
with carbenoxolonc treatment. Lipkin [X] has also shown 
that carbenoxolone treatment in mice decreased the turn- 
over rate of gastric cpithclial cells givmg rise to a more 
stable cell population. 

Gastric mucosal cell membranes. like all other mam- 
malian rnernbr~~tics contain phospllolipids. Spcnney or 
rri. [9] have character&d canine ystric mucosal mem- 
branes and shown phosphatidylcholme (lecithin) to be the 
most abundant phospholipid. followed by phosphatidylcth- 
anolamine. Two membrane fractions were isolated by these 
workers. one with a density of 1.04 and one with a drnsitq 
of 1.10. The former had a phospholipid:cholesterol ratio 
of I.30 (molar ratio). and the latter 0.X9. 

Bangham i~f tii. [lo] first showed that when aqueous dis- 
persions of pure pllosl~holipids wcrc sonic&ted they formed 
enclosed vesicles surrounded by a lipid bilayer (liposomes). 
Although these artificial bilayers possess a higher resistivity 
and lower ion permeability than natural membranes. (see 
Robinson [I I]). cellular membranes might be likened to 
these lipid hilapers with their properties modified by the 
presence of protein. Pl~~~spholipid liposomes with incorpor- 
ated markers have been widely used for in~~cstig~lting the 
membrane effects of many series of compounds. Papahad- 
jopoulos [ 121 and Smger [I-i] showed that local anaes- 
thetics can reduce the cation permeability of model phos- 
pholipid bilayer membranes and Heap c’t rrl. Ll4] showed 
some intcrcsting correlations betwocn different steroid 
classes (corticostcroids, androgcns and oestrogens) and 
their effects on the l~crlnc~~bilit~ of phosph~itid~lch(~line 
liposomes. 

The present work describes the ofl’ect of a wide concen- 
tration range of the anti-ulccrogenic drug. sodium car- 
benoxolone, on the permeability 01’ phosphatidylcholinc 
and phosphatidylcholine:cholestcrol (I : I molar ratio) 
liposomes to sodium. 

Liposomes wcrc prcparcd using egg lecithin (Grade 1, 
B.D.H.. England) and cholcstcrol {Bi~~chcmic~~l standard. 
B.D.H., England). Both w-ere stored as 30 mM solutions 
in chloroform at -20 Purity of the egg lecithin was 
checked before each experiment using t.1.c. Silica gel G 
plutcs were run in chloroform methanol water-ammonia 
(75:X):4:0.5). sprayed with KY’,, sulphuric acid and devcl- 
oped by heating at 1 IO for I5 mm [IS]. The egg lecithin 
used always ran as one spot (R, value 0.61). There were 
no traces of l~s~lecitllin or free f;ttty acids. 

For the preparation of lccithrn liposomes. 50 [tmoies 
were taken to dryness in a Z-ml round-bottomed flask. 
For lecithin-cholesterol liposomes. SO ilmoles of each were 
taken to dryness from the chloroform solutions. The dried 
films were then shaken with 0.9 ml 160mM “NaCI 
(25 $Xml) and 0.1 ml 160 mM Tris-WC1 (pH 7.4) for 5 
min. The flask was flushed e&austively uith nitrogen 

before shaking to prevent oxidation of the lipids. The sus- 
pension was then son&ted for 60 min in a Pulsation 50 
bath (Kerry l!ltrasonics Ltd.). The izmpt‘rnlurc of the 
water in the bath was kept below 2X and the flash tlttshsd 
with nitrogen cvory IO min. T.1.c. of the lipids alicr sonica- 
tion showed no presence of oxidation products. After boni- 
cation the lipid was allowed to quilibrate at room tcm- 
pcrature (under nitrogen) for 24 hr before use. t.:ntrapped 
“Na was rcmovcd bj column chrotn;ltngi-~lph\, The 1 -ml 
aliquot of liposomes was passed o\c‘~ 3 g of hcdratcd 
Sephndex C-50 prcpal-cd in tlon-r~tdioacti~~ 134 mM 
NaC’l I6 mM Tris HCI (bulii-red aaiinc. pH 7.4). Lipo- 
somes were eluted in the 12th 15th l-ml l’ractl~~n rrom the 
column. These fractions uerc hulked and clilutcd to 25 ml 
with buffered salme. 

Series of dialysis bags (X32 visking tubing). prcvIouslv 
washed. tied at one end and left soak;ilg ovcrnipht tn bui- 
fercd saline, were then prcparcd containtng 1 ml of the 
liposome suspension. Further nliquots wcrc taken for esti- 
mation of the total liposome--“‘Na content by y-radio- 
active measurement. Llposomc containing d~aljsis bags 
were then placed in IO-ml scrcb-top tc\t tuhcs containing 
8 ml of buffered saline or various conccntratlonb of sodium 
carbenoxolone in bunkered saline. Tuhcs were then slowly 
rotated at 37 ’ 110 rev’min). At interval:, the tuhc contents 
(diffusatc) wcrc taken for- ;,-counting and calculation of 
sodium leakage from the liposomeb. 

Figure 1 shows the leakngc ratch of s~>dium lrnm Iccithin 
and lecithin:cholesterol liposomcs in the presence of buf- 
fered saline. (control rates). It can he wx that the leakage 
of sodium from Iccithin liposomcs wit:, linear over 6 hr 
with ~~ppro~inl~ltcl~ I “(, of the total ~‘ntr;tppcd so&urn lenk- 
ing out per hr. Further cxpcrimcnts sho~vcd that this linear 
rate continued for at lcast 2-1 hr. Leakage rates from 
lecithin-cholesterol liposomcs wcrc \tyniticantlq rcduccd 
(Fig. I). as found hy Johnson [lb]. 

Table I sho%s the cl?‘cct of sodium cat-hcnouolonc 
( 10~“~ IO-” M ) on sodium Icakilgc I’rom lipowmcs over 
a 6-hr period. Other cspcrlmcnis using non-r~~cl~c~;lcti\.C 

liposomes in the dialysis hags and sodium /“C]carhcnox- 
alone (IO-“--lo-” M) tn the test tuhcs c\tahlichcd thoi 
equilibration of carhcnoxolonc with the contents of the 
dialysis bag was achieved after .3 1hr. The rc\ults in Table 
I show that over the range IO- ’ 10 ” M W~I~III car- 
henoaolonc had a hiphaaic ell’cc~ on the sodium pcrmcabi- 
lity of both lecithm and lecithin cholc<tcrol liposomcs. A 
concentration of IO ’ M caused compicte 1)~s of lccithln 
liposomes within 2 hr. Lecithin cholesterol liposomes. 
however. wcrc more resistant ;I& complctc I>\is u:;I~ not 
apparent until 6 hr incubation. Lo\tcr conccntratiol~s of 
sodium carbenoxolone (IO ’ and IO ’ M 1 also incronscd 
sodium leakage from both t)pcs of Ilpo\c>mes hut not to 
the same extent as IO ’ M. Again the Iccithin choIe\;tci-ol 
liposomes were mori: resistant. After 6 llr. ~1.1 and 0.5 pc, 
cent of the total entrapped sodium had Icakcd from 
lecithin Iiposomes in the prcscnce of IO ’ M anti 10 ’ M 
sodium cnrbenoxolone. rrspecti\<ly. The contl-ol \aluo at 
this time was 6.97 per cent. Values for lcclthin cholcstcroi 
liposomcs were 7.7 and 6.3 per cent with controls leaking 
2.74 per cent. 

Sodium carbcnoxolonc at IO I’M sho\<cd 21 ditlL’rcnt 
effect. The leakage of sodium from Iccithin liposnmcs w,as 
lower than the controts at 2. 1 and 6 hr. the qcate<t siabili- 



IS46 Short communications 

7- 

2 4 6 

Time, h, 

Fig. I. Leakage of “Na from leathin liposomes (o- 0) 
and lecithin cholesterol (I : I molar ratio) liposomes 

(B a). Sodium leakage is expressed as a percentage 
of total entrapped liposomal sodium. Results are the mean 

&S.F.M. of four experiments. 

sation helng at 4 hr (67 per cent of control values). This 
stabilising etlect was even more apparent with the lecithin-- 
cholesterol liposomcs. Sodium leakage was 47. 5X and 5X 
per cent of control values at 2. 4 and 6 hr. rcspectivcly. 
Lower concentrations of sodium carhenoxolonc (IO- q and 
10~~’ M) were shown to II;IVU no cffcct on the leakage 01 
sodium from either type of liposome. 

Thcsc t-csults show that sodium carhenoxolonc is a very 
“membrane active” compound and at concentrations at 
which it is lrkcly to exist next to gastric mucosal cells aftcl 
oral administration (usual dose 100 300 mg twice daily) 
may cause a significant decrease in plasma membrane pcr- 
meahilit\. An increase in the stability of wcakcncd gastric 
mucosal cells in ulcerogenic patients by sodium cnrhenoxo- 
lone could explain the decrca\ctl ccl1 turno\cr noted hk 
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Fig. 7. The structure 01 cholesterol and sodium 
carhenoxolone. 

Lipkin [8] and may explain the increase in glycoprotcin 
synthesis which occurs after carbenoxolone treatment. 

It is worth noting that liposomes prepared with a I : I 
molar ratlo of lcclthm and cholesterol. which is very simi- 
lar to the lipid composltion of gastric mucosal cell plasma 
membranes. showed the maximal stnhilising properties of 
carbenoxolone. Cholesterol and sodium carhenoxolonc arc 
somewhat similar in structure (Fig. 2) and hoth can cause 
a decrease in permeability of lecithin Ilposomcs. It IS sug- 
gested that insertlon or uptake of the highly lipophilic 
sodium carbenoxolonc lllolecules into pho<pholipid 
bilaycrs is altered by the prescncc of cholcstcrol in such 
1 way that the labilising or detergent-like effect of car- 
henoxolone is reduced. The values for IO-” M carhenoxo- 
lone in Table I best illustrate this point. After 6 hr. X2. I 
per cent of total entrapped sodium was rclcn,ed from 
lecithin liposomes hut onI1 7.7 per cent from lecithin cho- 
lestcrol liposomes. Enhancement of the st;rhili/ing propcr- 
tics of carhcnoxolonc at IO ” M 011 Icclttllll cllolc~tcrol 

Table I. The efl‘ect of sodium carbenoxolone (IO ‘-10~” M) on the sodium leakage from (;~) lecithin and (b) lecithin 
cholesterol lipo?omes over a 6.hr period 

Time Control sodium 
(11) Icakagc* IO i 

Sodium carbenoxolone concn 

(M) 

10-J lo- 5 I 0 - I’ 

(a) Lecithin liposomcs 
7 

3 
100(2.19) 3x70 + 126 (X4.7)? 49x * 61 (lo.Y)-I 129 * I7 (2.x): 68 f X(l.5)t 
100 (4.62) lxx0 * 99 (X6.9)+ 1510 i 36(69.8)+ 118 k l.i(j.S)i 67 * 12(3.1)-t 

6 lOO(6.97) 1250 * 68 (X7. I )t 1178 & 87 (82.l)t 136 & 9 (9.W x4 * 9 (5.8)t 

(h) Lecithin cholesterol liposomcs 
2 100(1.01) 6369 i 1X4 (64.i)l- 109 & 4(1.1)Z IO9 & X(I.I)h\ 37 _+ 7 (0.4X)t 
4 IOO(l.7,4) 442’ * 114(78.7)t 213 * 24(3.X)t 149 * lO(3.7)1- 5X * 9 (1.0)-t 
h IO0 (2.73) 3086 * I I9 (X4.i)i- 282 4 lY(7.7)t 231 f I7 (6.i)t iii + I I (I .6)1 

* Results are expressed as a percentage of control leakage (control = 100). Figures in parentheses represent leakage 
as a percentage of total liposomal entrapped sodium; i.c. control values are as shown in Fig. I. Complete equilibration 
of I:rbellcd sodium between the I-ml liposome content of the dialysis hag and the X-ml content of the tube would 
thcrcfore bc cquivalcnt to X8.8”,, (X:9) leakage of total liposomal entrapped sodium. Levels of significance are shown 
(Student’s r-test) comparing these “percentage of total” values with controls. t P < 0.01. : P < 0.05. NS. no significant 
difference. 

Results are the mean i S.E.M. of four experiments. 
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liposomes was also significant; 1.6 per cent of entrapped 
sodium was released after 6 hr from lecithincholesterol 
liposomes compared to 5.X per cent from lecithin lipo- 
somes. 

The molecular composition of biological membranes 
and the concentration of carhenoxolone are therefore both 
important in determining the effect of the drug on mem- 
brane permeability. Studies to determine the actual mem- 
brane concentration of carhenoxolone in different liposo- 
mal systems may give more information on its molecular 
interactions in lipid membranes. 
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p-Chlorophenylalanine-induced enhancement of the effects 
of morphine on the adrenal medulla 

(Rrceiwd 23 Srptembrr 1975; accepted 13 Nocember 1975) 

The actions of morphine on the adrenal medulla can be 
explained in large part by its combined direct and centrally 
mediated stimulation of the sympatho-adrenal axis [l-4]. 
Thus, acute administration of morphine results in adrenal 
catecholamine depletion and tram-synaptic induction of 
the catecholamine biosynthetic enzymes. tyrosine hydrox- 
ylase and dopamine /$hydroxylase. as well as increased 
formation of new storage vesicles [1,2]. Upon chronic 
administration, however, the ability of morphine to deplete 
catecholamines disappears and levels increase to supranor- 
ma1 values; this recovery is related directly to the stimula- 
tion-induced increases in catecholamine biosynthetic 
enzymes and storage vesicles [l]. However, there is evi- 
dence that other factors may operate in limiting both the 
degree to which morphine can deplete adrenal catechola- 
mines and the degree to which enzyme induction can 
occur. Morphine even in large doses appears to he incap- 
able of evoking the full degree of stimulation of which 
the sympatho-adrenal axis is capable, and no additional 
induction of adrenal tyrosine hydroxylase is evident at 
doses of morphine exceeding 40 m&/kg [1.2]. Mueller et 
crl. [S] and Breese et ul. [6] have shown that depletion 
of central serotonin with p-chlorophenylalanine (PCPA) 
can enhance the sympathoadrenal effects of other stimula- 
tory agents, such as insulin or amphetamine. Since chronic 
morphine enhances serotonin turnover [7,8], it is possible 
that sympatho-adrenal stimulation by morphine is limited 

in part by enhancement of serotonergic negative input in 
the brain-stem [9], In the present study, the action of 
PCPA on chronic morphine-induced stimulation of the 
adrenal medulla has been examined. 

Male Sprague-Dawley rats (ZiviccMiller) weighing 
2OG-250 g were given morphine HCI subcutaneously twice 
daily as follows: 10 m&/kg for 2 days, followed by 40 m&/kg 
for 2 days, followed by lOOmg/kg thereafter. Controls 
received saline on the same schedule. After 1 week at the 
highest dose, saline- or morphine-treated rats received 
saline or PCPA methyl ester HCI (150 m&/kg, i.p.) once 
daily for 2 days and were killed 24 hr after the second 
PCPA injection; animals continued to receive morphine 
or saline concurrently with PCPA or saline and thus were 
killed 12 hr after the last injection of morphine. 

Adrenals from the rats in the four groups (control, 
PCPA, morphine, PCPA plus morphine) were excised and 
each pair was homogenized in 2 ml of 0.15 M KCl. Ali- 
quots (0.1 ml) were deproteinized with I.9 ml of 3.57(, 
perchloric acid, centrifuged at 26,000 9 for 10 min, and the 
supernatant was analyzed for catecholamines by the tri- 
hydroxyindole method using an autoanalyzer [lo]. Dupli- 
cate 0.2 ml aliquots of the homogenate were used for analy- 
sis of dopamine p-hydroxylase activity by the periodate 
oxidation method [I I]. using IO {lM[3H]-tyramine as 
substrate and p-hydroxymercurihenzoate (optimal concen- 
tration, 0.5 mM) to Inactivate endogenous inhibitors. The 


