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Abstract—A decrease of S-Adenosyl-L-methionine (SAMe) levels and of the activity of its synthesizing
enzyme is demonstrated in liver of rats treated with p-galactosamine. These effects appear to be
reversed by the i.m. administration of SAMe. A protective role of SAMe on liver is also obtained
by SAMe treatment of intoxicated animals, as demonstrated both by the histological analysis of the
liver and GOT and GPT levels in serum. The activity of SAMe, in this respect, is comparable to that
one of prednisolone when the drugs are given at the daily dose of 60 mg/kg and 100 mg/kg.

respectively.

The acute administration of p-galactosamine has
been shown to induce severe liver cell injury [1-4].
This effect has been reported by some investigators
to be similar to the damage observed in viral
hepatitis[1, 2], both from the morphological and
functional point of view. However, on the basis of
ultrastructural and biochemical analyses it was
concluded by other scientists[3, 4] that the liver
damage observed after p-galactosamine treatment
differs from the one seen in human hepatitis in that
the former leads to accumulation of liver trigiyce-
rides, hyperplasia of the smooth endoplasmic reti-
culum and cell necrosis.

The mechanism underlying the liver cell injuries
caused by bD-galactosamine has been investigated in
detail by various authors who have focused their
attention to several metabolic effects such as deple-
tion of either hepatic glycogen{2] or ATP[3], de-
crease of uridine phosphates with accumulation of
UDP-hexosamines {6] and decrease of protein
synthesis [7].

In the present communication we are reporting
the lowering of SAMe concentration in the liver
after D-galactosamine administration.. Since the
uptake of SAMe molecule by red blood and liver
cells has been recently demonstrated [8~10], the
effects of SAMe administration on liver injuries
induced by D-galactosamine was evaluated. Evi-
dence is here presented that SAMe administration
to p-galactosamine treated animals restores its liver
levels to control values. Moreover, both the histo-
logical analysis and GOT and GPT levels in serum
indicate a liver protection by SAMe similar to the
one observed with prednisolone {11, 12].

MATERIALS AND METHODS

Materials. 1-[Methyl-*H]methionine (11 Ci/m-
mole), and [Methyl-"*C]S-Adenosyl-L-methionine
{55 mCi/mmole) were obtained from the Radio-
chemical Centre, Amersham. [Acetyl *H]N-acetyi-
serotonin was prepared from serotonin-creatinine
sulfate (Regis Chemicals Co., Chicago) and

[*H Jacetic anhydride (Radiochemical Centre, Amer-
sham), as previously described[13]. Hydroxy-
indole-O-methyltransferase (HIOMT) was partially
purified from frozen ox pineal glands as previously
described [14]. Crystalline reduced glutathione
(GSH) and D-galactosamine hydrochloride were
from Merck, Darmstadt. Adenosine-5-triphos-
phate-disodium-3 H,Q (ATP) was from Boehringer
Mannheim GmbH, and N-acetylserotonin (NAS)
from Aldrich Chemical Co., Milwaukee. Unlabelled
SAMe in a stable form was obtained from BioRe-
search Co., Liscate, Milano. Prednisolone (Neo
Delta) was obtained from Amelix, Firenze, Italy.
Animals. Sprague-Dawley male rats {Charles River,
150-170 g body wt) fed an unrestricted commercial
diet {(C. River) were used. All the animals were
sacrificed and blood was collected from the trunks.
Liver tissue was rapidly excised and portions were
prepared for light microscopy by fixation in 10%
buffered formalin; other portions were used for
SAMe determination and for the determination of
methionine adenosyl-transferase (EC 2.5.1.6.,
MAE) activity.

Assays. Both liver and blood to be used for SAMe
determination were immediately deproteinized by
homogenization in 10% TCA dissolved in 0.05 N
HCI; the tissue-TCA ratio was 1:1 (v/v) for the
blood and 1:10 (w/v) for the liver. After centrifu-
gation at 3000 g at 4° for 10 min, I-ml aliquots of the
clear supernatant were mixed with 20 xl of [Methyl-
HCISAMe (10 nCi). The solution was then washed
three times with 2 vol. of peroxide-free ether pre-
viously saturated with 0.05 N HCl. SAMe concen-
tration was then assayed by the method of
Baldessarini and Kopin [15].

To evaluate MAE activity, portions of liver were
homogenized with 4 vol. of ice-cold 0.01 N acetic
acid and then centrifuged at 15,000 g at 4° for 30
min {16]. The supernatant was used to measure the
enzymatic activity according to the method des-
cribed by Matthysse ef al. [17]; methionine concen-
tration in the incubation mixture was 268 4M
instead of 67 xM. Serum enzymes GOT and GPT
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were assayed using GOT and GPT test Biochemical-
Test-Combination (Boehringer Mannheim GmbH).
Enzyme activity is reported as mU/ml. Protein con-
centration was determined by the method of Lowry
et al. [18].

Animal treatment. Two doses of p-galactosamine
hydrochloride (400 mg/kg) in isotonic saline were
administered by i.p. injection at 12-hr intervals, and
the animals were sacrificed 48 hr after the first
administration of D-galactosamine. SAMe was dis-
solved in phosphate buffer 0.04 M pH 8.0 and then
injected i.m. three times aday for 5 days at the doses
of 10 and 20 mg/kg in a volume of 0.1 ml/100 g body
wt. Prednisolone dissolved in gum Arabic was given
orally at the dose of 100 mg/kg once aday for 5 days
in a volume of 1.0 ml/100 g body wt.

Statistical analvsis. Significance was determined
by the Student’s 't test.

RESULTS AND DISCUSSION

The decrease of SAMe levels inrat liver and brain
after treatment with a number of substances has
been reported by various authors. Pyrogallol and
tropolone were shown to induce that effect in rat
liver {19}, and depletion of SAMe in some tissues
was observed after repeated injections of L-
dopa[20]. The methylation of these molecules by
SAMe in the liver has been suggested to be respon-
sible for the described effect.

Depletion of SAMe in the liver has been also
reported after the administration of compounds
such as CCl,, selenite and diethylnitrosamine, which
are known to induce morphological and biochemical
modifications in liver tissue [21-23].

The data shown in Table ! indicate that D-
galactosamine, known for its toxic effects on liver,
also produces a 55 per cent depletion of SAMe in
the liver, as compared to control rats, 48 hr after its
administration, although no modifications are ob-
served in the blood S'AMe levels.

The activity of the methionine-activating enzyme
(MAE) synthesizing SAMe was measured: a lower
activity was foundinliver of p-galactosamine treated
rats in comparison to control animals (Table 2).
indicating that the decrease of SAMe levels may be
correlated with the impairment of its hepatic syn-
thesis. The mechanism of the enzyme inactivation is
still to be investigated. The administration of SAMe
before and after D-galactosamine induced intoxi-

Table 1. Effect of p-galactosamine treatment on liver and
blood levels of SAMe

Liver SAMe Blood SAMe
Treatment (ngle) {ug/mb)
Saline 35623 2.33:£0.09
p-galactosamine 16.0 £2.5* 2.43 =0.08

D-galactosamine was given by i.p. injection in two doses
of 400 mg/Kg at 12-hr intervals. The rats were sacrificed
48 hr after the first b-galactosamine injection.

Values are expressed as means + S.E. for seven rats in
each group.

* P <0.001.
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Table 2. Effect of p-galactosamine treatment onliver MAE

activity
MAE activity
Treatment (nmoles/30'/mg protein)
Saline 37213
D-galactosamine 16.7 = 1.4%

For treatment see Table 1.

Values are expressed as means = S.E. for seven rats in
each group.

* P 0.001.

cation resulted in the maintainance of endogenous
SAMe at control values (Table 3).

In order to correlate cell injury induced by D-
galactosamine with SAMe levels in the liver, his-
tology of the tissue was performed. and GOT and
GPT serum levels were evaluated both in the ani-
mals treated with D-galactosamine and in those re-
ceiving D-galactosamine and SAMe. The same
parameters were also evaluated in p-galactosamine
treated animals receiving prednisolone, which has
been described to protect the liver from damages
induced by p-galactosamine[ll, 12]. As shown in
Table 4, GOT and GPT values were strikingly en-
hanced 48 hr after p-galactosamine injection as

Tabile 3. Effect of SAMe administration on liver content
of SAMe in D-galactosamine treated rats

Treatment Liver SAMe (ug/g)
D-galactosamine 16.0 2.5
D-galactosamine + SAMe 10 mg/Kg 329 +£6.2F
D-galactosamine + SAMe 20 mg/Kg 40.1 = 3 8%

SAMe was injected intramuscularly three times a day
for 5 days. p-galactosamine was given on the third day as
reported in Table 1. The rats were sacrificed 48 hr after
the first p-galactosamine injection. Values are expressed
as means = S E. for seven rats in each group.

* P <0.005 vs p-galactosamine treated rats.

t P < 0.001 vs p-galactosamine treated rats.

Table 4. Effect of SAMe administration and prednisolone
on serum enzymes of pD-galactosamine treated rats

Serum enzymes (mU/ml)

Treatment GOT GPT
Saline 113 =5 15=1
D-galactosamine 1683 + 243 379 =75
D-galactosamine + 146 ~ 10* 25« 2%
prednisolone 100 mg/Kg

D-galactosamine + 400 = 125 93 = 29%
SAMe 10 mg/Kg

p-galactosamine + 200 + 20* 34 + 5%

SAMe 20 mg/Kg

SAMe was injected intramuscularly three times a day
for 5 days. Prednisolone was given orally once a day for
5 days. D-galactosamine was given on the third day as
reported in Table 1. The rats were sacrificed 48 hr after the
first p-galactosamine injection. Values are expressed as
means = S.E. for seven rats in each group.

* P <0.001 vs p-galactosamine treated rats.
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r=0.73
p<0.001

GOT mu/ml x 102

SAMe wug/9g

Fig. 1. Correlation between GOT values in serumand liver

SAMe levels. Regression line calculated by the method of
the least squares.

compared to the controls, in good agreement with
the results reported by other investigators [24]. The
rats pretreated with prednisolone at 100 mg/kg were
completely protected from the damage induced by
D-galactosamine. A similar protection was observed
in the animals treated with SAMe. There was a
considerable decrease of GOT and GPT levels in
comparison with those of the animals treated with
D-galactosamine alone. The relationship between
GOT levels in serum and SAMe liver concentration
was determined, and a linear correlation (P < 0.001)
was found between the two parameters.

The protective action of SAMe was also sup-
ported by the histological data. The liver histology
48 hr after D-galactosamine administration showed
some changes, in good agreement with those des-
cribed by Keppler et al.[1], whereas neither areas
of necrosis nor inflammatory infiltration were ob-
served in the liver of rats treated with p-galactos-
amine and prednisolone or D-galactosamine and
SAMe.

The mechanisms involved in liver protection by
SAMerequire to be further investigated owing to the
variety of metabolic pathways implying SAMe as
the substrate {25-27]. The possibility of keeping the
cell levels of this compound within standard values
might influence in a favourable way any of the
metabolic stages where SAMe is involved.
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