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Effects of S-adenosyl-L-methionine on phospholipid methyltransferase activity
changes induced by thiocacetamide

(Received 25 October 1989; accepted 11 February 1990)

Acute administration of thicacetamide (TAA*)} induces a
maximum degree of hepatic necrosis [1]. Schriewer and
Lohman [2] have reported an increase in the microsomal
PE/PC ratio by acute effect of thioacetamide. In a more
detailed study of microsomal phospholipid composition
we have confirmed those results as an acute response of
microsomal membranes to the toxic action of thicacetamide
[3]. Microsomal PE/PC ratio is the substrate/product ratio
of the reaction catalysed by S-adenosyl-L-methionine;

* Abbreviations: Ado-hcy: S-adenosyl-L-homocysteine;
Ado-met, S-adenosyl-L-methionine; PC, phosphatidyl-
choline; PE, phosphatidylethanolamine; TAA, thio-
acetamide.

phospholipid methyltransferase (E.C. 2.1.1.17).

Several pharmacological effects have been reported
regarding S-adenosyl-L-methionine {4-7], although its bio-
chemical mechanism of action is unknown. S-Adenosyl-L-
methionine partly recovered the TAA-induced liver necro-
sis [8]. This observation suggests that S-adenosyl-L-meth-
ionine could prevent the TA A-induced alteration in PE/PC
ratio. SAM:phospholipid methyltransferase as a potential
responsible for these microsomal changes induced by TAA
is an enzyme whose activity can be modulated by exogenous
administration of S-adenosyl-L-methionine [9]. In this
paper we have studied the role of phospholipid methyl-
transferase in TA A-induced liver necrosis and the effect of
exogenous administration of Ado-met on this activity.
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Materials and Methods

Materials. S-Adenosyl-L-[*H-methyl]-methionine was
purchased from The Radiochemical Centre (Amersham,
U.K.). Thioacetamide, silicagel G and organic solvents
were obtained from Merck (Darmstadt, F.R.G.). Ado-met
was obtained from Europharma (Madrid, Spain). Phos-
pholipid standards were supplied by the Sigma Chemical
Co. (St Louis, MO).

Animals. Hepatic injury was induced in inbred male
Wistar rats (200-250 g, aged 2 months) by intraperitoneal
injection of thioacetamide at a dose of 50 mg/kg body
weight every 24 hr. Control rats were injected with an equal
volume of sterile 0.13 mol/L NaCl every 24 hr during the
experimental period. To test the effect of Ado-met on
TAA-induced liver damage the animals received an
additional (i.p.) daily injection of Ado-met (2 mg/kg body
weight) in 0.5 mL of sterile saline as well as TAA. These
groups of animals were kept on a standard laboratory diet
and allowed free access to food and water.

Preparation of microsomal membranes. Before killing,
animals were fasted for 18 hr. For each experimental group,
six animals were used, which were handled and killed
always observing criteria from the European Community
for care and use of laboratory animals in research. Micro-
somal membranes were obtained and characterized as we
have previously published [10]. Basically, postmitochon-
drial supernatants were collected and centrifuged at
100,000 g for 55 min. The resulting pellet was resuspended
in 0.25M sucrose and again centrifuged at the same con-
ditions. The resulting pellet was resuspended in 0.25M
sucrose.

Lipid composition studies. Lipids were extracted from
the microsomal membranes by the method of Folch er al.
{11}. Phospholipids were separated by two-dimensional thin
layer chromatography on silica gell G-60 plates [12] and
quantified by the method of Rouser et al. [13].

S-Adenosyl-L-methionine: phospholipid N-methyltrans-
ferase assay. The assay was performed according to Sastry
et al. [14] with modified Ado-met concentration according
to its K, value [15]. Incubation mixture contained: 4 mmol/
L magnesium chloride, 0.04 mol/L EDTA, 10 mmol/L
Tris/glycilglycine buffer, pH 10, 1 mmol/L S-adenosyl-L-
[*H-methyl\methionine (sp. act. 11.8 GBg/mmol) and
40 ug microsomal protein in a total volume of 50 uL.. The
assay was performed at 37° for 40 min. Reactions were
stopped and their products were analysed according to
Sastry et al. [14]. The radioactivity of the gel from the TLC
plate at the localization of PC spots was measured in a
Kontron liquid scintillation spectrometer. Quenching was
corrected by external standardization. Radioactivity incor-
porated into PC spots from tubes containing the heat-
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inactivated enzyme was discounted from that found in PC
spots coming from tubes containing the unheated micro-
somal preparations.

Statistical analysis. The Shapiro-Wilk test was applied
to establish the behaviour of distributions. Whenever the
Shapiro-Wilk test rejected the hypothesis of normal distri-
bution, or when the Bartlett test for homogeneity of vari-
ances was significantly different, the overall significance of
differences was calculated with the Kruskal-Wallis (one-
way analysis of variance test; if the differences were signifi-
cant (P < 0.05), we also tested the differences between the
groups pair-wise with the Mann-Whitney U-test [16].

Results and Discussion

Ado-met administered exogenously recovers liver from
the TAA-induced necrosis [8]. The mechanism involved in
this fact is unknown, even more so if we consider that
liver TA A-induced necrosis is a multifactorial phenomenon
which involves some mechanism such as: hepatic lyso-
phosphatidylcholine content [1}, alterations of microsomal
phospholipids [2, 3], changes in ionic content [17] etc. In
this paper we check whether Ado-met prevents microsomal
phospholipid alterations induced by effect of TAA. After
3 days of TAA administration, a decrease in PC and an
increase in PE was observed (Table 1). A similar finding
was published by Schriewer and Lohman [2] with a single
dose of TAA six-fold higher than that used in our research.

The slight difference between control and TA A-treated
rats (Table 1), regarding the PE/PC molar ratio in liver
microsomal membranes has to be of physiological
relevance, bearing in mind the relatively constant molar
percentages of PC and PE in control rats. Even though in
this experimental approach interanimal variations have not
been considered, the invariable phospholipid composition
of microsomal membranes coming from the liver of 13
control groups, each composed of six adult rats underlines
the stable composition of these membranes. A metabolic
failure that causes striking imbalances between PE and PC
as membrane components has never been described but a
slight alteration of their balance in erythrocytes has been
associated to hemolytic disease [18]. The statistical signifi-
cant decrease in the PC molar percentage by effect of TAA
(Table 2) is recovered by Ado-met administration.

Phosphatidylethanolamine is the substrate in the methyl-
ation pathway of phosphatidylcholine biosynthesis and this
step is catalysed by a single enzyme in liver [15, 19]. The
observed changes in PE/PC ratio induced by TAA treat-
ment after 3 days (Table 1) tentatively show that this
enzyme activity is involved. This hypothesis has been con-
firmed by assaying this enzyme activity under TAA treat-
ment (Table 3). Changes in activity of this enzyme in

Table 1. Time course of main phospholipids during thiocetamide treatment

Phospholipid/protein* PCt PEY
Days Control TAA Control TAA Control TAA
1 33020 311 +22 585+1 56 + 1% 224x12 23.0=x1
3 35250 360 + 33 59.0+1 54 2% 233+13 27.8 £2%
30 340 + 20 350 = 30 60.0+1 55 2% 2251 22.0x0.5
90 290 = 30 261 =10 593+1 51+1% 2341 21.0+2

* Values in nmol/mg protein.
t % molar of total phospholipids.

Data are means + SD of three preparations assayed by duplicate (six rats each preparation)
except for control 3 days (N = 10). TAA animals received an i.p. injection of 50 mg/kg body

weight/day (4P < 0.01 vs control).
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Table 2. Effect of Ado-met on major phospholipid of microsomal membranes

PC
Phospholipid/protein (% molar total PE
(nmol/mg protein) phospholipids) (% molar)
Control (10) 352+ 50 59+ 1 23.3x13
TAA 360 = 33 54 2%t 27.8 £ 2%+
TAA + Ado-met 365 =20 38=x1 245+ 1.3

Data are means * SD of three preparations assayed by duplicate (six rats each preparation)
unless another number is specified in brackets. TAA animals received an i.p. injection of
50 mg/kg body weight/day thioacetamide for 3 days. TAA + Ado-met received an additional
(i.p.) daily injection of Ado-met (2 mg/kg body weight) for 3 days, as well as TAA.

Statistical analysis was performed using the Mann-Whitney U-test. (When P > 0.05, not
significant; *P < 0.01 TAA vs control: and P <0.01 TAA vs TAA + Ado-met).

Table 3. Specific activity of Ado-met: phospholipid N-
methyltransferase

pmol [*H-methyl]/min/protein mg

Control (10) 258 = 50
TAA 108 = 20*+
TAA + Ado-met 290 = 30

Incubation mixture contained 50 nmol S-adenosyl-L-[*H-
methyl]methionine (sp. act. 0.32 Ci/mmol) and 40 ug pro-
tein in a total volume of 50 uL.. Results are expressed as
pmoles [*H-methyl] incorporated in phosphatidylcholine/
min/mg protein at 37° and are means = SD of three
preparations assayed by duplicate (six rats each prepara-
tion) unless another number is specified in brackets. TAA
animals received an i.p. injection of 50 mg/kg body weight/
day thioacetamide for 3 days. TAA + Ado-met received
an additional (i.p.) daily injection of Ado-met (2 mg/kg
body weight) for 3 days, as well as TAA. Statistical analysis
was performed using the Mann—Whitney U-test. (When
P > 0.05, not significant; *P < 0.01 TAA vs control; and
1P < 0.01 TAA vs TAA + Ado-met).

hepatocytes have been shown in different experimental
situations [19]. Ado-met reverses the diminished activity
induced by TAA (Table 3). Ado-met does not fully reverse
TAA-induced necrosis [8]; however, it fully reverses micro-
somal lipid alterations induced by TAA (Table 2), which
suggest that these alterations are not the primary event in
TAA-induced necrosis. In this way, the observed micro-
somal lipid alterations can contribute to the progression of
hepatic necrosis by several mechanisms. One could be by
failure in sequestering Ca®" by endoplasmic reticulum.
Intracellular increase in the concentration of this cation is
one of the most early events found in TA A-induced necrosis
[17]. In some cells, ionic changes control the Ado-met/
Ado-hcy ratio [20] and this ratio controls Ado-
met:phospholipid methyltransferase activity {15, 19]. The
failure of this enzyme as a consequence of ionic changes
would block the transformation of PE into PC. The metab-
olites involved in this reaction seem to have a role in ionic
transport and their failure would complicate the intra-
cellular management of Ca** and would facilitate the pro-
gression of hepatic necrosis. To prove that these events are
involved in TA A-induced necrosis is a speculative hypoth-
esis which we plan to investigate in the future.

In conclusion, Ado-met reverses the decrease in micro-
somal molar percentage of phosphatidylcholine and the
increase in phosphatidylethanolamine and Ado-met also

+ To whom correspondence should be addressed.

reverses the diminished specific activity of S-adenosyi-L-
methionine:phospholipid methyltransferase found in thio-
acetamide-treated rats after 3 days of thioacetamide treat-
ment, suggesting that the alteration of this enzyme could
be implicated in the changes of microsomal phospholipids.
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Failure of adenosine analogues to affect N-type voltage sensitive Ca?* channels
in chicken brain synaptosomes

(Received 13 July 1989; accepted 7 September 1989)

Adenosine (or ATP) is released, along with neuro-
transmitters, from nerves in the central nervous system [1].
These nucleotides (and their analogues) inhibit further
neurotransmitter release by negative feedback on pre-
synaptic adenosine A, receptors [2, 3]. Several mechanisms
have been proposed to explain this activity. One hypothesis
suggests that adenosine analogues interfere with Ca®* influx
[4-6] or promote Ca®* sequestration in the presynaptic
terminal [7]. However, reports of the effects of these com-
pounds on Ca?" influx have been inconsistent [4-6, 8-
10], while the direct measurement of the effect of these
compounds on intraterminal free Ca’* concentrations
([Ca**);,) has not, to our knowledge, been performed
in neural tissue. Another possibility has been suggested
{11,12]: that adenosine analogues may preferentially
inhibit Ca?* flux through N-type voltage sensitive Ca?*
channels (VSCCs*), an alternative that also has not been
directly explored.

We first studied the effects of the A, agonists 2-chlo-
roadenosine (2-CADO) and N®-cyclohexyladenosine

* Abbreviations: VSCCs, voltage sensitive Ca®*
channels; CHA, Nf-cyclohexyladenosine; 2-CADO, 2-
chloroadenosine; ®-CgTx, w-conotoxin GVIA; and
EGTA, ethyleneglycol-bis-(8-aminomethyl ether)tetra-
acetate.

© Government of Canada.

(CHA) on Ca** movements and !*I-labeled w-conotoxin
("**I--CgTx) binding to the N channel in rat brain prep-
arations. These analogues were found to have no effect on
any aspects of Ca?* influx studied, confirming the results
of Barr et al. [8] and Garritson et al. [9]. Further, extending
the previous investigations, these analogues had no effect
on the rise in [Ca®*];, evoked by K* or on w-CgTx binding
in rat brain preparations. Since the N channel inhibitor w-
CgTx tends to have relatively minor effects on Ca?* influx
in rat brain [13], we deemed it necessary to repeat the
experiments in chicken brain for the following reasons:
chicken brain is rich in adenosine A, receptors [14], and,
unlike the situation in rat brain, inhibition of the N-type
Ca?* channel in chicken brain with @-CgTx blocks virtually
all of the parameters of Ca?* mobility investigated in this
species [15-17]. The present results deal only with the
effects of A, agonists in chicken brain preparations, but
are qualitatively similar to results we obtained in rat brain.

The **Ca?* influx studies were carried out essentially by
the method of Blaustein [18]. The effect of w-conotoxin,
2-CADO or CHA on Ca** influx was studied under resting
(5mM K*) and depolarizing conditions (40 mM K*), and
the K*-stimulated component (40 mM minus 5 mM) was
calculated.

[Ca?*],x was estimated in chicken brain preparations
essentially as described by Komulainen and Bondy [19].
Briefly, the synaptosomal F, pellet, isolated using the Per-
coll gradient technique of Robinson and Lovenberg [20],



