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Table I. Effects ot choline analogs and cholinergic drugs 
on [?I]-QNB binding in rat twain 

Compound 

Anticholincr~ic 
Scopotaminc 

C‘holirwr~ic 

Oxotremorinc 
Arecoline 

Pilocarpine 
Carbachol 

(‘holinr ntzalo,~v 
Choline 

Betaine aldehyde 

Glyccrylphosphorylcholine 
Dimethylami!locthanolf 

Cytidinediphosphocholine 
Phosphorylcholinc 

* Results arc pivcn as the means z S.D. \\ith the number 
of ohservationa Tn parcnthcscs. Each compound \+;I\ tc\tcd 

at two to four concentrations in triplicate for each wparatc 
1~511 determination. (‘HI-ONB (<I). act. 70.4 C’?mmole. 

NCR England Nuclear. Boston. M;\.) \{;;I\ prcwnt ;II a tinal 
concentration of 60 pM. Nonspcciftc hlndinfi \\a\ detcr- 
mined using IO0 I*M Oxotremorinc, 

t Glvcerylpho~phor~lcholine was inaoluhlc at the cow 
centrations uhcd and gave carving I( \II value\. 

j- The acct;~mi~l~~t~en/oic acid wit (Dcaner) 11 a\ used 

Bccausc of the clliclenci of the cellular uptahc p,c~c\\cs 
for choline in brain. the maicrrity 01 this chollnc I\ Ilkcl! 

to bc intracellular. and thercl~~t-e the concentration 01 cho- 
line at the cholincrgic rcccptor would IX cxpc~ctcd IO IV 

far Iowcr than the le\cl tlctcrmincd tn whole tl\wc 

Furthcrmol-c. it WCI~~ unlikely that a mctaholltc 01 cho- 
line. lornicd aftcl the compound i\ adniini~tcrcd could tw 

rcspon\ihlc toi- a direct cholliir)rnimetic‘ ;tction. ,I\ none 01 
the mctabolitcs tested was ah potent a\ choline in tli\placinp 

ONB. In addition. the amount\ 01 these mctaholitc\ found 
in the brain \vhcn [‘t I]-choti:;c i\ admint\tcl-ccl to animals 
is quite small [IO]. 

unlike11 since its central ettccts can bc hlochctl tl! Lttrol~jnc 
[l I. I?]. Another possibilitv i\ that choline acts pre-\!rl- 
apticallv to stimulate the \(nthcsis and. prc\umahl\. tllc 
release of ACh from cholincrgic ncurom 1’h1\ latter po\- 
jihilitb i\ conGtcnt with the ~~hacrvation\ that ( I J choline 

allmlnl~tratioli c‘,lu\c\ an incrcaw in the ct)nccntr;itll,n ot 
brain acetylchotinc [Y], (2) both the choline-lnducc~i 
increase in brain lcvcl\ of ,401 and the central cholinerglc 

effects [ 1 I. 131 are hlockcd hy inhibitor\ 01 acetvlcholinc 
synthesis. and (3) choline \timutatc\ ,)I vitro the rate OI 
release of A(‘h in the heart [ 141 
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7. II. \r~alllalllLlr;l dd s. t I. Sll~LlCl. I’r-IIt lit,,,! 1, ii</ 

.sc/. (‘..\..4. 71. 1723 (lY74). 

S. J. H. <irowd~>n. E. I-. (‘trhcn and Ii. J L\‘urtm:~n. .I 
,C’c~rrrwhrrll. 2X. 71Y ( lY77) 

Y. D. R. I la&rich. I’. F I. \+ any. I ). I: ( Iod\ ilnd I’. 
W. Wedeking. /.i/c .%I. 17. 075 (lY7.i) 

IO. D. R. Ilauhrich. I’. F I.. W:III~ and I’. IV L$cdchIng. 
J. Phcrrmrcc crp. 7‘lwr. 193, 7-h ( I Y75 ) 

I I. I>. K. Heuhrich and A B Pllucgcl. 1.//c .\I I 24. I(IS.? 
(IY7Y). 

17. I. H. Ulwand R. J. Wurtln;lri..S[rc’,lc(’ 1Y-l. I(lhO( lY7h). 

13. D. R. llautwch and I .I (‘h~ppcnd;~Ic. /.r/c .Y</. 20, 
l-165 (lY77). 

Clofibrate-induced increase in carnitine and acylcarnitine content in rats 

It has been shown that clotibrate administratwn markcdl! 
increases fatty acid oxidation in rat liver [I-S]. A corre- 
sponding increase of several enzyme activities conncctcd 
to the fatty acid oxidation scqucnce is found 16. 71. Prc- 
viously. it has been briefly reported that carnitine cuntcnt 
in rat liver is increased after clolihrate administration 13. S]. 
Carnitine plays a major role in the transport of activated 
fatty acyl groups from cytosol to sites of fl oxidation in the 
mitochondria. In gcncral. the change5 in liver carnitine 
appear to correlate with the rate of fatty acid oxidation 
[Y. IO]. As a consequence. ii regulator) role lor carnitinc 
in fatty acid oxidation ha\ heen postulated [Y. I I] In this 

study the effect ofclofibrate on carnitinc and it\ clcriv,ttl\c\ 
in different tissues and total body of the rat was invchtl- 
gated. This report provides also a clarification rcgardinp 
the role of hepatic carnitinc in the hypotriplyccridacmic 

cffcct of the drug. 
Male Wistar rats weighing X(C3OOg ivcrc used in the 

experiments. The animals were allowed tree access to \tan- 
dard laboratory chow and water. The trcatmcnt consisted 
of daily subcutaneous injections of clofibratc (NO mg/kg 
body wt) for l-1 days. Control rats rcccivcd saline. Rat\ 
were killed by decapitation and blood collected in heparln 
The heart. a piece of liver and of skeletal mu\cIc (hind leg) 
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Table I Effect of clofibrate administration on carnitine and acylcarnitinc content in rat plasma and tissues 

Carnitine 
Acetyl C.W acylcarnitines* 

carnitine (nmolesiml or g wet wt) 

Total 
acid-soluble 

carnitine 
Acid-insoluble 

carnitinc 

Liver Control 
Clofibrate 

fleart Control 
Clofibrate 

Skeletal Control 
muscle Clofibratc 

Plasma Control 
Clofibrate 

IS3 t I5 
x45 i 101/l 
608 r i-l 
x00 2 73-i- 
731 ? 77 
733 ? 7s 

2Y * I.5 
34 -+ 2.4 

* C’~XI acylcarnitines were calculated by subtracting free carnitine and acetylcarnitine from total acid-soluble carnitinc. 
Clofibrate (200 nip/kg body wt) was given once a day for I4 successive days. The results are the means -+ S.E.M. for 

erouos of six rats. Student’s f-test was used to calculate sianificance. 

t: P < 0.02. 
# P < 0.01, 
I! P < 0.001. 

were quickly excised and freeze-clamped with aluminium 
blocks pre-cooled in liquid Nz. Perchloric acid extracts of 
plasma and tissue samples were prepared using the method 
described by Pearson and Tubbs [ 12). The supernatant was 
analysed for carnitine and acetylcarnitine. Acid-soluble 
carnitine and acid-insoluble carnitine were determined as 
free carnitine after alkaline hydrolysis of the supernatant 
and the insoluble precipitate. respectively. 

Carnitine was measured in a coupled enzymatic assay. 
The CoA-SH liberated in transacetylation between acetyl- 
CoA and carnitine was allowed to react further using 2- 
oxoglutarate dehydrogenase system as an indicator enzyme 
(131. The final reaction volume was 1.0 ml and contained 
35 mM arsenate buffer. pH 7.2, 0.5 mM 2-mercaptoetha- 
nol. 1 mM EDTA. 3.50 FM 2-oxoglutarate, I50 PM acetyl- 
CoA and IO mU 2-oxoglutarate dehy’drogenase*. The 
increase in A~WWI was monitored with a double-beam 
spectrophotometer after addition of 1 unit of carnitine 
acetyltransferase. 2-Oxoglutarate dehydrogenase was iso- 
lated from pig heart as described by Sanadi PI al. [ 141. The 
concentrations of the (-)-carnitine standards were meas- 
ured by the DTNB-method [13]. Acetylcarnitine was 
determined bv a standard procedure [ 131. Assays for pro- 
tein and carnnine acetyltransferase (EC 2.3.1.7) and the 
isolation method for mitochondria were as described pre- 
viously [ IS]. 

The concentrations of carnitine. acetylcarnitine. CW 
acylcarnitineg. total acid-soluble carnitine (i.e. free carni- 
tine plus acylcarnitines CrCu) and acid-insoluble acylcar- 
nitines (Cs,) in different rat tissues and plasma are shown 

* One unit (U) is defined as 1 pmol of substrate con- 
vertedimin at 25”. 

in Table 1. Clofibrate treatment induced an incrcasc of 
many fold in the hepatic concentration of total carnitine. 
The increase in the hepatic concentration of total acid- 
soluble carnitine was partly due to a rise in free carnitine 
and acetylcarnitine. However. the drug increased the con- 
centration of other short chain (CT-Cs) acylcarnitines. as 
well, It has been shown that, in addition to acetylcarnitine. 
normal rat liver contains appreciable quantities ol other 
short chain acylcarnitines [ 16). Acid-insoluble acylcarni- 
tines were elevated to a smaller extent. The increase in 
hepatic carnitine found in this study is more pronounced 
than in fasting and diabetes. 

The treatment slightly increased the concentration of 
free carnitine in heart. The drug did not induce statistically 
significant changes in other carnitine compounds in heart. 
No changes were found in skeletal muscle. The levels of 
acetylcarnitine and total acid-soluble carnitine in plasma 
showed a significant increase after clofibrate treatment. 

It is known that clofibrate increases the concentration 
of CoA and its fatty acyl esters in liver [17]. The change 
in CoA compounds occurs with a pattern similar to the 
changes in carnitine and its esters found in the present 
study. Thus, it is probable that the rise in acid-soluble 
acylcarnitines reflects increased hepatic content of CoA 
and short chain acyl-CoA. Acetylcarnitinc can hc ~rclcascd 
from the liver [IK]. Therefore, it is presumed that in livers 
of clofibrate-treated rats part of the acetyl pressure gen- 
erated by the accelerated fatty acid oxidation is relieved 
by the formation and release of acetylcarnitine. 

The striking increase in the content of carnitine and its 
derivatives in liver is also reflected in total body carnitine 
(Table 2). Total carnitine was measured in perchloric actd 
extracts of carcasses prepared by removing the head. feet, 

Table 2. Effect of clofibrate administration on liver and whole body carnitine content 

Total acid-soluble carnitine 
Liver Total body Total body 

(~moles/lOO g final body wt) (~moles/IOO g initial body wt) 

Control 0.86 2 O.OY 40.0 2 IO.5 47.Y i- 10.7 
Clofibrate 7.6 i- 0.63$ 47.5 -+ 2.4t 53.2 + 2.1 r 

Mean values 2 S.E.M. are from six animals in both groups. Treatment period I3 days. 
Statistics: see Table I. 

* P < 0.05. 
I- P < 0.02. 
i- P < 0.001. 
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skin. tail and intestinal tract [IY]. The small contribution 
of acid-insoluble acylcarnitines was excluded. It is worth 
noting that part ofthe rise in the hcpaticcontent ofcamitinc 
is due to the ctofibrate-induced incrcasc in liver to body 
uSeight ratio (means 0.033 and 0.03X in the control and 
clofihrate group\. respectively). Because the rats in the 
clofihrate group pained weight slightly less durin? the treat- 
mcnt period than the c(mtrols. total body carmtme is also 
expressed per 100 g of initial bodv weight. The cloiihrate- 
induced increase is statistically significant also when the 
calculation is based on the initial weights indicating that 
the rise is due to altered rate ofsynthesisor/and elimination 
of carnitine. Thus, it is evident that the rise in carnitine in 
hver is not mcrcly due to a redistrit~utioI1 in the body. 

To gain some insight into the nature of the changes in 
liver carnitinc the timc-rcsponsc and clo\c-rcsponsc rcla- 

tions were studied. The concentrations of lrcc carmtrnc 
and acetylcarnitine were compared to the activitx ot rnittr- 
chondrial carnitine acetyltransfcrase which is highly rccfx~l- 
sive to clofibratc ~idministr~iti~lll 16. Xl. I’hc tetnp~rral 
changes produced by the ~idrniilistr~l&~(~il of cltlfihrat~~ 
(Z~~)m~/k~ body 1~) are prewntcd in Fig. I The ITIC:III 
values of the control rats remained vlrtuall~ constant during 
the treatment period (data not shown). In the clotibratc 
group statistically significant changes were found ;rlreatl! 
18 hr after the first tnjection. The enqme acti\,ity incre;txxl 
in parallel with carnitine concentrationc. Similar l~;tr:rIIcli~m 
was found in the rlosc-response espcrtmcnr t I’y 2) 

It must Ix notctl that the ~matte~t dose OI ckrtilrra~c 
(30 mgiiO0 g body wt) used in the dox-rc\pon\c cxpcii- 
ment had no effect on the hcpatic c(~nccntr~ltion oi LYNIIII~IIC 

and acetylcarnitine (Fig. 2). Howcvcr. thi\ dose cf!cctivc% 

Fig. 2. Effrct ofdifferent doses ot clolihrate WI hepaticcarnitinc and acetylcarnitinc content. C’ornp:rr~~~~u 
with the mitochondriat activity of carnitinc ;lcetvltr;lnsferasc (CAT). Rat\ wcrc injcctcd da111 \\itlt 
clolibrate for 14 days. 
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decreased the serum concentration of triglycerides both in 
rats made hypertriglyceridaemic with fructose [15] and in 
normal rats deprived of food 12 hr before sacrifice (own 
unpublished data). Thus it is probable that the clofibrate- 
induced increase in carnitine compounds is not connected 
to the hypotriglyceridaemic effect of the drug. This is 
further supported by a similar lack of correlation between 
hepatic activities of carnitine acyltransferases and serum 
triglyceride level in clofibratc-treated rats [ 151. 

The results demonstrate increased concentrations of car- 
nitine and short chain length acylcarnitines in livers and 
plasma of clotibrate-treated rats. The changes in liver were 
intimately associated with the activity of carnitine acetyl- 
transferase. The increased hepatic content of carnitine can- 
not be explained as a redistribution in the body because 
the total body carnitlne wa\ also increased The dosc- 
response relations do not support the view that hepatic 
carnitinc has a role in the hypotriglyceridaemic effect of 
clofibrate. 
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Effect of suloctidil” on Na+/K+ ATPase activity and on membrane flliidity in rat 
brain synaptosomes 

(Receilaed 7 March 1979: uccepted 11 June lY7Y) 

It has been clearly demonstrated that Na’./K+ ATPasc is 
involved in the active transport of Na+ and K+ across 
plasma membranes [ 11. At the level of the central nervous 
system, the Na*iK’ ATPase is concentrated in synaptic 
membranes (21. Due to this localization, the enzyme is 
sensitive to modifications of the membrane structure pro- 
duced by various exogenous or endogenous factors 13.31. 
As far as drugs are concerned. general and local anaes- 
thetics and phenotiazines have been shown to inhibit 
Nat/K+ ATPase activitv [S] and to Huidify the lipid matrix 
of the synaptosomes [6,7]. However, with our present 
knowledge no clearcut relationships have yet been estab- 
lished between these two parameters [7.8]. It has ncvcr- 
theless been suggested that variations in the activity of the 
NafiKC ATPase would markedly alter information of trans- 
mission between nerve cells [9]. 

In this paper. the effects of suloctidil (and related com- 
pounds), chlorpromazine (CPZ) and ouabain on Na+/K’ 
ATPase activity and on membrane fluidity have been stud- 
ied in rat brain synaptosomes. Suloctidil is an amino-alcohol 
endowed namely with vasoactive properties [lo. II] that 
could be related to a membrane effect. 

I, I, 2x ?J ,I 

Male Sprague-Dawley rats were used. Chemicals and 
their suppliers were as follows: suloctidil (erythro-p-(iso- 
propyl-thio)-cull-octvlamino-ethvll benzvl alcohol). CP 
i136.S (erythrb-p-(isopropyIthii)-& I-aminoethvl) benzyl 
alcohol) and CP 894 S (ervthro-D-(isonronvlt.hi~~~-~-~l- 
(octylthio)-ethyl] benzyl al&h;~l) fro’m‘Conti&ntal Pharha 
S.A., Brussels. Belgium, chlorpromazine from Rhonc 
Poulenc S.A. and ouabain (g-Strophantin) from Boehrin- 
ger. Mannheim GmbH (W. Germany). 

Synaptosomes were prepared from rat brains using the 
procedure of Gray and Whittaker [ 121. 

ATPase (Na+ and K’ activated. ouabain sensitive adeno- 
sine-5’-triphosphatase, EC 3.6.1.3) activity has been 
assayed by measurements of the free inorganic phosphate 
according to the calorimetric method of Fiske and Sub- 
barow [13]. The synaptosome suspension was diluted 80 
times in a medium containing 11.5 mM NaCl. 20 mM KCI. 
2 mM MgCl. 1 mM EDTA and 40 mM Tris-maleate. The 
pH was adjusted to 7.4. 1.5 ml of the reaction mixture was 
incubated with 25 ~1 of DMSO either containing or not 
containing the drug to be investigated. The ATPase activit) 
was initiated by the addition of 250 ~1 of a solution of ATP 


