
SHORT COMMUNICATIONS 

Modulation of hepatic microsomal Ca2- -stimulated ATPase and drug oxidase 
activities of guinea pigs by dietary cholesterol 

We have previously demonstrated that cholesterol and 
other substances, including certain steroid hormones. bind 
to biomembranes and thus evoke functional changes of 
integral proteins [l-j], It was of interest to study whether 
such phenomena do occur 111 L’;UO as well. As a first 
approach, we studied the effects of cholesterol upon the 
activities of the hepatic microsomal Ca’--stimulated 
ATPase and on the drug oxidase enzyme system. 

Marerid and tnerhods. Guinea pigs weighing 20t&75t) g 
at the beginning of the experiment were utrhzed in thi\ 
study. They were fed a standard diet consisting of 7W 
whole-meal flour. Xc? skimmed milk powder and 5% dried 
brewer’s yeast. Animals were also fed with green ve?- 
etables. The animals were given in admixture with thert 
standard diet O.l”i cholesterol for 9 weeks and water t~i 
lib. Cholesterol (Merck) was dissolved in ether. mixed with 
the food pellets. and the ether was allowed to evaporate. 
A group of ammals was given the cholesterol diet plus 
30mg of ascorbic acid. dissolved in drinking water, per 
1OOg body wt per 12 hr. Controls were fed the standard 
diet. Five animals were used in each group for the deter- 
minations and the results were treated statistically. A 
two-tailed Student‘s r-test was used to determine the sig- 
nificance of differences between experimental croups. Liver 
microsomes were prepared as described bf Burke and 
Bridees l61 and susoended in 1 .lS% KCI-5 mM Tris-NC’1 
(pH>.O)‘at a concentration of 10 mg proteiq!ml. The pro- 
tein content was determined bv the Lowry method as 
described by Miller 17) using bovine serum albumin (Sigma) 
as standard. The microsomal lipids were quantitifie~~ hy 
CHCIX: CH;OH extraction [S]. The extract was chroma- 
tographed on silica gel G with appropriate standards using 
CHC& : CH3OI-I : CH,COOH : HJO (20: 12:3: 1 v.iv) as the 
developing system. The content of lipid phosphorus was 
measured [9] in the scraped spots previously digested in 
70% HCIOJ at ISO”. and the cholesterol content by gas 
chromatography using cholestane as an internal standard. 
The microsomal marker. glucose-6-phosphatase. was mea+ 
ured bv the method of Swansen [IO]. 

Cal&m-stimulated. magnesium-dependent ATPase 
activity of the liver microsomcs was assayed in the following 
incubation medium: 50 mM Tris-HCl. 20 mM HEPES (pll 
7.0). 2 mM MgT‘l,. 2 mM ATP and 20 &lM CaCl: in a total 

volume of 1 ml. The reaction was started by the addition 
of 0.25mg of microsomal protein and was stopped after 
30 min with 0.2 ml of 5Oc7r trichloroacetic acid. The liher- 
ated P, was measured by the method of Fiske and Subbarow 
[ 111. The Ca’--stimulated ATPase activity was defined as 
the difference between the inorganic phosphate liberated 
during incubation in the presence and absence of calcium. 
Calcium uptake hv the microsomal membranes was meas- 
ured under conditions similar to those used for estimating 
Ca’*-ATPase activity except for the addition of 0.1 $‘i per 
tubeof -“CaC& (Radiochemical Centre. Amersham. U.K.). 
The incubation was run for 30 nun at 37” and terminated 
by rapid filtration under suction through Millipore filters 
(twe HAWP. (I.45 II pore dia.1 using a Miliipore 3025 ~ I 1  u 

sampling manifold. The filters were washed 3. times by 
adding 5 ml of ice-cold 0.25 M sucrose-5 mM Tris-HCI 
(pH 7.0) and transferred into counting vials. They were 
then shaken in 1 ml of 1% sodium dodecyl sulfate and 
mixed with 10 ml dioxane-based scintillation fluid [ 121, Cpm 
were converted to nmoles by the known specific radio- 
activity. The amount of radioactivity constantly adsorbed 
on membranes at zero time (inst~~ntaneous deposition of 
radioactivity from the labeled calcium onto mtcrosomal 
membranes) was subtracted in each case from all samples. 
Calcium uptake was estimate<! by addition of 5 mM 
ammonium oxalate to the incubation medium. ATP-depen- 
dent Ca’--uptake was calculated by subtracting Ca’* hind- 
ing of microsomes in the absence of ATP in the medium 
from the total Ca’- uptake in its presence (binding in the 
absence of ATP was completed by 2 min). 

Biphenyl-~-hydroxylase. _, activity was determined as 
described bv* Prough and Burke /131; aniline hvdroxvlase 
activity as describid by lmai et ‘al.’ [14]; NADPH &to- 
chrome t reductase according to Phillips and Langdon [ 15) 
and p-nitroanisolc O-demethylase according to Netter and 
Seidel [ 161. 

Cholesterol was depleted from microsomes isolated from 
animals fed cholesterol by incubation of microsonles with 
egg-lecithin iiposomes. Microsomal membranes (2.5 mg 
protein) were incubated for 4 hr with either I. 155% KCI- 
5 mM Tris-HCI (pH 7.0). or with egg-lecithin liposomes 
(3 mg) prepared as previously described [ 171 at 37” in a 

final volume of 3 ml under continuous magentic stirring. 

Table 1. Phospholipid (Pt.) and cholesterol (Cl content of hepatic mi~rosomes isolated from guinea 
pigs fed on a standard commercial. a C and a C plus ascorbic acid supplemented diet 

--.- -_ 

PL c: Molar ratio 
Diet (Ltmoles/mg protem) (~Lmoledmg protein) (C.‘PL) 

- 

Standard 0.371 2 0.022 0.079 i- o.tlo7 0 ‘I2 
C 0.437 _t (1.027” 0.209 rt 0.018 0.178 
C * ascorbic acid 0.456 i 0.035: 0.115 t (b.OI?:’ 0.252 

Values given are means t S.D. for five animals. 
* Statistically significant compared wtth microsomes isolated from animals fed on standard diet 

(P < 0.01). 
“i Statistically significant compared with microsomes i\olatcd from animals fed on standard and 

cholesterol diet (P < 0.01). 

1309 





Short communication5 131 I 

total lipid, has both metabolic and structural functions [XI]. 
The mechanism of transport of excess cholesterol and the 
increase of phospholipid observed in prolonged cholesterol 
feeding experiments are not yet well understood. The 
evoked effects on the membranous enzymes. however. arc 
in line with our in vitro experiments. Minor amounts of 
exogenous cholesterol. incorporated in the structure of the 
biomembranes produces marked functional changes of the 
integral membranous enzymes (l-J]. In subsequent work. 
with the aid of the more water-soluble cholesterol gluco- 
side, we found that at small concns the glucoside behaves 
in an identical manner to cholesterol.-i.e. it evokes an 
equally intense rise in the activity of ouabain-sensitixe 
ATPase. At higher concns of the glucoside. however. the 
activity of the enzyme starts dropping exponentially [5]. 

The effect of ascorbic acid on the metabolism of cho- 
lesterol in guinea pigs, which. like man. are dependent on 
an exogenous supply. is probably due to an increased 
activity of the cholesterol 7a-hydroxylase (a mixed-function 
oxidase. catalyzing the rate-limiting step in the pathway 01 
bile acid synthesis [Zl]). This action of ascorbic acid is 
related in some way to its effects on the microsomal cyto- 
chrome P,r,, content [22. 231. A clear connectlon with 
respect to the changes in concm of cholesterol and other 
lipids in the plaama of guinea pigs in feeding experiments 
with ascorbic acid has been observed [73]. The in vir)o 
alterations in the calcium uptake activity and in the micro- 
somal enzymatic activity, due to an increase in the choles- 
terol to phospholipid ratw arc also observed in the in owo 
treatment of microsomes with egg-lecithin liposomes. which 
are capable of withdra\ving cholesterol from a given mem- 
brane [24]. Thus. lipoaome5 formed bg sonica;on of egg- 
lecithin in water and incubated in virro with microsomcs 
isolated from animals fed on cholesterol decreased appre- 
ciably the cholesterol content of mlcrowmes. Conse- 
quently, the calcium uptake and the Ca’--stimulated 
ATPase activities were enhanced, while the activity of the 
drug oxidase enzyme system was depressed (Table 3). This 
finding clearly indicates that the cholesterol effect on cal- 
cium uptake and on the activity of mcmhranous cnzvmeb 
could be reversed by removing the excess cholesterol irom 
the microsomes. 

Under normal physiological conditions. the cell main- 
tains a constant level of cholesterol, the phvsiological role 
of which could be considered as a stabilizing factor con- 
tributing to the overall integrity of cell membranes [25]. 
However. there are some situations where cholesterol levels 
may be altered. for example familiar hypercholesterolac- 
mia, cancer or nutritional disorders. An increased cholcs- 
terol level in membranes could interfere with the specific 
function of membrane-bound enzyme (a5 sho\rn in this 
study for the Ca’--stimulated ATPase) with detrimental 
effects on cell metabolism. 
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Effect of anticonvulsant drugs on the activity of acetyl CoA:arylamine 
NT-acetyltransferase (EC 2.3.1.5) and hydroxyindole-0-methyltransferase 

(EC 2.1.1.4) from pineal gland 

There i\ evidence tmplicating the involvement of the pineal 
gland in seizure states [I. 21. A number of reports attribute 
the anti+eizure activity of the pineal gland to the hormone 
melatonin [2-S]. In the light of these findings it is interesting 
that no reports have studied the effect of anticonvulsant 
drugs on the pineal gland and more specifically on the 
enzymes responsible for synthesis of melatonin. 

The present study examined the influence of 12 anticon- 
vulsant drugs on the activities of acetyl CoA : arylamine 
,l;-acetyltransferase (EC 2.3.1.5) (SNAT) and 

!tydroxyindole-0methyltransferase (EC 2.1.1.4) 
(HIGhIT) in o/fro. These two enzymes are responsible for 
production of melatonm from 5-hydroxytryptaminc. 

.Werkcrdr. Rats of the Wistar strain (2W-300 g) of both 
\exes \verc treated with isoprenaline HCI (25 m$kg i.p.) 
3 hr before being killed in order to induce SNAT levels in 
the pineal gland which was assayed as previously described 
[6]. This assay technique relied on the transfer of an acetyl 
group lrom [I-“Clacetyl CoA [205 MBq!‘mmole (Amcr- 
sham. U.K.)] to tryptamine HCI (Sigma. St. Louis. MO). 
Enzyme homogenates in 0.05 M phosphate buffer (pH 6.5) 
contained one substrate at a constant concn (3 X lO_‘.M 
in the case of tryptamine and 1 x 10 ‘M in the case of 
acetyl CoA) while the concn of the second substrate varied 
(2 x IO ‘-3 x 10 ’ %I m the case of acetyl C‘oA and 
7 x IO ‘-3 x 10 ’ M in the ca5e of tryptamine). These hom- 
ogenatc\ were incubated at 20” for 1 hr in the presence and 
ah\ence of the drugs used (Table 1). After incubation the 
reaction was terminated by the addition of 0.2 M borate 
buffer (pH 10) and [‘4C].Wacetyltryptamine extracted into 
a toluene : isoamyl alcohol (97: 3) mixture and quantitated. 

Bcvtne pineal glands were collected shortly after death. 
homogenised in O.ljci KCI. centrifuged at 30(10~ Ior 

30 min to remove cell debris and the supernatant was lyo- 
philised. This lyophilisate served as a source of HIOMT 
and prior to assay was dissolved in 0.05 M phosphate buffer 
(pH 7.9) (1 mg in 100 ~1). This enzyme solution was assayed 
according to a previous report [7] in which N-acetylsero- 
tonin (Stgma) was O-methylated using S-adenosyl-t- 
[methyl-“C]mcthionine [1X.5 MBq/mmole (Amersham)] 
as a methyl donor. Enzyme incubates contained one sub- 
strate at a constant concn (4 x lo-” M) while the concn of 
the second substrate varied (2 X lo-‘-3 x 10~’ M) and the 
reaction was monitored in the presence and absence of the 
various drugs (Table I). Incubation was carried out at 42” 
for 1 hr. and extraction and quantitation were carried out 
as previously described. 

The results were fitted to the Michaelis-Menten kinetic 
equation using computer-assisted iterative non-linear 
regression. The points generated for SNAT in the presence 
of sulthiame (STH) were reanalysed according to Dixon 
[X] in order to derive dissociation constants. 

Resulfs and di.rcussion. None of the drugs tested affected 
HIOMT and only STH had an effect on SNAT (Fig. la 
and b). This effect was a mixed non-competitive inhibition 
with respect to tryptamine and the rate expression can he 
represented as follows [9]: 

1 ~=_ 1 (y) + + j-j [rr”pt;mine, v v, ( 1) 
// 

whcrc 1’ is the velocity at a certain tryptamine concn 
[tryptamine]. V, is the maximum velocity. K,, is the dis- 
sociation constant for STH from the E tryptamine STH 
complex. K,,, is the dissociation constant for the 
E. tryptamine complex and K,, is the dissociation constant 
for the E. STH complex. 


