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John P. Troup, Ph.D.
Vice President, Scientific Affairs
General Nutrition Corporation
300 Sixth Avenue
Pittsburgh, Pennsylvania 15222

Dear Dr. Troup:

This letter acknowledges receipt by the Food and Drug Administration (FDA) on March 13,
1998 of your notifications, dated March 2, 1998 and March 4, 1998, pursuantto21 U.S.C.
350b(a)(2) (section 413(a)(2) of the Federal Food, Drug, and Cosmetic Act), providing
notice of your intent to introduce, or deliver for introduction into interstate commerce, the
new dietary ingredients “ademetionine and katsuobushi oligopeptide.

The date that the agency received your notification submitted under 21 U.S.C. 350b(a),
March 13, 1998, is the filing date for the notification. In accordance with the requirements of
21 U.S.C. 350b, for 75 days after the filing date, General Nutrition Corporation shall not
introduce, or deliver for introduction, into interstate commerce any dietary supplement that
contains either of these new dietary ingredients, ademetionine and katsuobushi oligopeptide.

Please contact us if you have questions concerning this matter.

Sincerely,

Robert J. Moore, Ph.D.
Senior Regulatory Scientist
Division of Programs and Enforcement Policy
Office of Special Nutritional
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John P. Troup, Ph.D.
Vim= President,
Scientific Affairs

March 2, 1998

Linda S. Kahl, Ph.D.
Office of Special Nutritional (HFS-450)
Center for Food Safety and Applied Nutrition
Food and Drug Administration
200 C Street S.W.
Washington, DC 20204

Dear Dr. Kahl:

Pursuant to Section 8 of the Dietary Supplement Health and Education Act of
1994, General Nutrition Corporation located at 300 Sixth Avenue, Pittsburgh, PA 15222
and BASF Corporation, located at 3000 Continental Drive, North, Mount Olive, NJ
07828, wish to notify the Food and Drug Administration that it will market a new dietary
ingredient, Ademetionine, synthesized from methionine and ATP. Accordingly, enclosed
please find two (2) copies of this notification,

The dietary supplement which contains Ademetionine will consist of five hundred
(500) mg of Ademetion~ne :R a tablet or capsuie which wi!~De s(~ggested to % taken
one {!) time per day.

Attached please find c!inical siudies and other information which estabiwn that
this di~t~ry ingredient: when used tii~der the conditions suggested In the :abeling of the
dietary supplement, is reasonably expected to be safe. These supporting materials
include:

(1) Chemical Pharmaceutical Data

(2) Toxicology (acute, subchronic, testology, chronic,

(3) Clinical studies

Very truly our ,

\J tip
L.

John P. Troup, Ph.D.
Vice President, Scientific Affairs

JPT/jaj

cc: Dan Patriarca

Enclosures

General Nutrition Corporation, 300 Sixth Avenue, Pittsburgh,
‘ Tel: (412) 338-8844 Fax: (412) 338-8954

PA 15222
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, Introduction

1. INTRODUCTION

Ademetionine isa naturally occurring molecule found inall living organisms.

In humans, ademetionine is distributed throughout virtually all body tissues and

fluids where it acts as a substrate in many biological reactions involving enzymatic

transmethylation (the process by which methyl groups are added to compounds),

and, through the transsulfuration pathway, it is the precursor of essential amino

acids including cysteine, taurine, and glutathione (Friedel et al. 1989).

Ademetionine is synthesized endogenously from methionine and adenosine

triphosphate (ATP) in a reaction catalyzed by ademetionine-sy nthetase. The liver is

the major site of ademetionine synthesis (in yg/g amounts), methionine metabolism

(as much as 48%), and ademetionine-synthetase activity.

Because ademetionine is a chemically reactive compound, it is very unstable.

Instability of ademetionine was largely resolved by preparation of a stable double

salt, i.e. Ademetionine sulfate-p-toluenesulfonate (Ade-tosylate) (Figure 1a).

Oral and parenteral Ade-tosylate have been in clinical use for the treatment of

different disorders for several years. ,,

Ademetionine 1,4-butanedisulfonate (Ade-SD4) (Figure 1b) is a new more stable

salt of ademetionine which is now under development for clinical use.

NH2

>~N 1 j

b

G)
o CH-S-CH2-CH-CH-COOH.HSO:,H2S04.C7H7S03H21 2,

CH3 NH2

OH OH .,
Figure la: Ademetioninesulfate p-toluenesulfonate(Ade-tosylate) ‘



NH2

%‘<~ ‘ N)N “““

b

@ e
o CH -S-CH2-CH-CH-COOH.03S-C4H8-S03H2, 21

CH3 NH2

0“65H035-C4%-S03H
OH OH .

Figure lb: Ademetionine1,4-butanedisulfonate(Ade-SD4)

The present IDB focuses on the pharmacological and clinical data pertinent to the

use of Ademetionine in liver disorders and updates the contents of the publications

on this topic (Lieber & Williams 1990b; Israel et al., 1992; Lieber 1993, 1994; Ortiz

et al., 1993; Schenker et al., 1993; Mato et al. 1994).

In particular, Ademetionine has been extensively studied in cholestatic liver

disorders both in animal models and in clinical trials. Furthermore, recent

experimental settings have provided a sound rationale for the therapeutic use of

Ademetionine in alcoholic liver diseases.

.lnt ahe?at c Chor i lestasi~

Intrahepatic cholestasis (IHC) is characterized by the accumulation of bile in liver

cells and in biliary passages. Functionally, it is defined as a decrease in canalicular

bile flow, and, clinically, it appears as the retention in blood of substances normally

excreted in the bile (i.e. bilirubin, bile salts, and canalicular enzymes, such as

alkaline phosphatase and y-glutamyltranspeptidase) (Sherlock 1989).

Several mechanisms deserve consideration as to the pathogenesis of IHC.

Changes in liver membrane fluidity and related transport activities as well as

accumulation of cholestatic metabolizes (e.g. nonsulfated bile acids) might be

operative in producing IHC (Schreiber & Simon 1983a; Smith & Gordon 1987;

Yousef et al. 1987, 1992).

, -14-
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Introduction

About one third of chronic liver diseases might present with clinical andlor biochemical

fatures of IHC regardless the etiology (Bortolini et al. 1992).

IHC more often appears in the late stages of the disease and is an indicator of liver

ftilure. In fae~ hyperbilirubinemi% the biochemical marker of IHC, is regarded as a

negative prognostic fmtor in patients with cirrhosis (Zoli et al. 1991).

IHC contributes to the deterioration of the underlying liver damage. In particular, it has

been reported that IHC inhibits by itself normal hepatocyte regeneration (Tracy et al.

1991), and it is able to modulate major histocompatibility complex chiss I expression in

hepatocytes making the liver more vdnerable to immune destruction phenomenon which

is not allkcted by immunosuppressive treatment (Calmus et al. 1992). Furthermore, the

aecurmdation of bilirubin and bile salts into hepatocytes leads to liver cell degeneration

and neorosis associated with fooal reactive inflammation and portal and periportal fibrosis

(Sch@er 1992).

It’ deserves, therefore, close monitoring in

measures.

The strategies for the treatment of IHC have

.,
.“

order to establish adequate therapeutic

been recently reviewed and ademetionke

has been indicated as an innovative anticholestatic substance (Boyer 1992), ‘..

A1coho~lc I
.

iver diseases

The spectrum of morphological changes which may occur in the liver in response to

alcohol includes three, progressively severe, stages: fatty liver, alcoholic hepatitis and

cirrhosis. Although these lesions usually occur sequentially, they might coexist in any

combination and might be independent entities. Furthermore, several additional patterns

of alcohol-induced liver disease have more recently been described including foamy

degeneration, perivenular fibrosis, hepatic vein lesions and chronic active hepatitis.

Fatty liver (i.e. accumulation of fat in the hepatocytes) is the earliest and most common

lesion induced by alcohol. Although it is commonly regarded as a benign feature, it has

been reported that fatty liver might be per se a precirrhotic lesion (Teli et al. 1995; Popper

& Lieber 1980; Nakano et al. 1982; Sorensen et al. 1984).

Alcoholic hepatitis is a clinicopathologic syndrome resulting from prolonged



. ..- . . . . ...;.,.. .... . .. . . . . .. . ..- ... . . . ... . ....... . . :..:- .>

:Ad&SD4 Gastro - 6th edition ...

excessive alcohol consumption characterized by an acute or subacute clinical

presentation and distinctive histological features. When not coexisting, it is the most

important precursor lesion for the development of cirrhosis (Desmet 1986; Marbet et

al. 1987; Gluud et al. 1988). It has been estimated to occur in approximately 40?40of

chronic alcoholics (Hislop et al. 1983). Acute alcoholic hepatitis may take 1 to 6

month= for resolution and up to 60% of severe cases die in the first months of

hospital admission (Maddrey et al. 1978; Theodossi et al. 1982). Cirrhosis develops

over a 5-10 year period in more than 50°A of those patients surviving the acute

illness (Sarensen et al. 1984; i3ird & Williams 1988).
.-

..”

- Alcohdlic cirrhosis develops in about 20% of heavy drinkers (Mezey 1982). The ,

overall 5-year survival from diagnosis is about 409f0 in patients who continue to

drink and 63% in those who stop. in patients with decompensated disease the

survivai rate might decrease to 34$40after 5 year (Schenker 1984). The risk of

hepatocellular carcinoma ~ a complication of alcoholic cirrhosis is well “ -

established (Naccarato & Farinati 1991).

Three possible not necessarily mutually exclusive mechanisms have been

proposed for the pathogenesis of alcohol-induced iiver injury.
.. ,

Oxidative and reductive stresses due to increased production of toxic oxygen

radicals during the hepatic metabolism of alcohol. Toxic oxygen radicals are

“responsible for, structural and functional liver cell as well as intracellular organellae

(e.g. mitochondtia) ‘membranes abnormalities (Castillo et al. 1992; Kato et al. 1990;

Shaw & Jayatilleke 1990).

Hepatic metabolism of methionine and related availability of ademetionine are

impaired in acute as well as chronic alcohol-induced liver diseases. Hepatic

metabalic impairment of methionine ieads to an insufficient endogenous free

radicals scavenger capacity, i.e. decreased availability of glutathione (Horowitz et

al. 1981; Shaw et al. 1981; Speisky et al. 1985; Martin-Duce et al. 1988;

Fernandez-Checa et al. 1991; Lieber et al. 1990a; Kamimura et al. 1992; Hirano et

al. 1992; Chawla & Jones 1994).

Ethanol increases intestinal permeability to normally nonabsorbed

-16-
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macromolecules, such as bacterial endotoxins (LPS) and it also impairs their

removal by affecting the hepatic reticuloendothelial function. Enhanced exposure to

LPS induces hepatotoxic cytokines release, i.e. TNF, IL-1 and IL-6.11-1and IL-6 are

involved in the induction of the acute symptomatic phase response. TNF, though,

has been shown to be toxic to hepatocytes both jn vitro and in vivQ. The increased

TNF levels have clinical relevance correlating with both liver function and acute

mortality (Bjarson et al. 1984; Khoruts et al. 1991; Hill et al. 1992; McClain et al.

1993).

No established effective treatment for alcoholic liver diseases

(Christensen & Gluud 1995) and liver .transplantation is still

treatment option (Moss & Siegler 1991).

1.1 Hole of ade metionine in ce ii biochemistry

is avail abie, so far,

not regarded as a

Ademetionine is the initiator of two important metabolic pathways in humans:

transmethylation and transsulfuration (Stramentinoli 1987b) (Figure 2).

The transmethylation pathway involves the transfer of methyi groups (-CH3) from

ademetionine to

neurotransmitters,

resuiting in their

a broad range o.f moiecuies, such as phospholipids,

nucleic acids, proteins, porphyrins, and a number of drugs,

biotransformation and enabling their participation in severai

anabolic or cataboiic reactions.

Up to 85% of transmethylation reactions occur in the hepatocyte (Mudd & Poole

1975). One of the most important involves the biosynthesis of phosphoiipids which

piay an important roie in many intracellular events, such as regulation of

sodium/potassium-dependent adenosine triphosphatase (Na+/K+-ATPase),

13-adrenergic receptor-adenylate cyclase coupiing, secretion of histamine from mast

celis and adenylate cyciase activation, .by preserving plasma membrane fiuidity

(Stramentinoli 1987a). in addition to phosphoiipids, ademetionine methylates

membrane proteins, This post-translational methyiation of a wide variety of ceiiular
:.!.
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Figure 2: Main metabolic pathways involving ademetionine: (1) transmethylation; (2) transsulfuration;

(3) aminopropylation(Stramentinoli1987b)
7

proteins might affect the activity of certain surface enzymes and might have a role

the repair or degradation of damaged polypeptides (Chawla et al. 1990).

n

After having given its methyl group, ademetionine is converted to

S-Adenosylhomocysteine, thus entering the transsulfuration pathway (Figure 2).

S-Adenosylhomocysteine undergoes hydrolysis to homocysteine and ultimately to

cysteine which is the precursor of taurine, sulfates and reduced glutathione.

These pathways play a pivotal role in maintaining the homeostasis of the

hepatocyte, and their impairment leads to a derangement of all the subordinate

-18-
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metabolic processes,

As a consequence of a decreased synthesis of ademetionine, the formation of

phosphatidylcholine, the most abundant phospholipid in liver membrane, through

transmethylation reactions is impaired resulting in a reduction in membrane fluidity.

In this regard, it is well known from experimental studies that changes in hepatocyte

plasma membrane fluidity are related to functional activity derangement and bile

secretion failure (i.e. chcdestasis) (Stramentinoli et al, 1981; Arias 1983; Boelsterli

et al. 1983; Schreiber & Simon ‘1983a).

These membrane alterations are present also in patients with different types of liver

injury and are positively correlated with the severity of the liver damage (Schulter et

al. 1986). Furthermore, it has recently been reported that small modifications in

membrane lipid structure are sufficient to influence in vivo transport activities

(Simon et al. 1990). Besides hepatocytes, other cell types, such as erythrocytes, are

similarly affected suggesting a widespread occurrence

membrane lipid composition in patients with chronic liver

1982).

These abnormalities have been related to an

cholesterol/phospholopid ratio of plasma membranes (Owen

al. 1983; Stramentinoli 1986a, b).

An impairment of the transsulfuration pathway leads to

deficiency which may cause nutritional defects particularly in

of abnormalities in

disease (Owen et al.

increase in the

et al. 1982; Pezzoli et

cysteine and taurine

patients with cirrhosis

worsening the prognosis of the liver disease (Pisi & Marchesini 1990). Cysteine is

the precursor of glutathione, the main intracellular detoxifying agent (Burk 1981).

Hepatic glutathione deficiency results in a reduced protection of liver cells against

free radicals and endogenous and exogenous toxic compounds. Furthermore,

depletion of hepatic glutathione as a result of liver damage leads to inactivation of

ademetionine synthetase, which in turn produces an impairment of the

transsulfuration pathway and therefore a further decrease in glutathione (Corrales

et al. 1990, 1991a).

Taurine is implicated in the process of bile” acids conjugation (Heaton 1985). Since

bile acids conjugation with taurine increases their volubility, a reduced availability



of taurine leads to an accumulation of toxic bile acids in the hepatocyte (Hoffmann

& Roda 1984; Attili et al, 1986).

Finally, sulfates are the substrate of sulfation reactions which play an important role

in detoxifying a number of metabolizes, such as bile acids. Sulfated conjugated bile

acids might play a protective role during cholestasis either by stimulation of bile

flow or by reduction of biliary lipid secretion, thus protecting cell membranes from

the detergent propeilies of high concentrations of non sulphated bile acids (Yousef

et al. 1987, 1992).

.
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2.

2.1

2.1.1

2.1.2

2.1.3

2.1.4

2.1.5

2.1.6

CHEMICAL PHARMACEUTICAL DATA

Phys coci hemicai properties

iNN: Ademetionine

CAS registry number: 29908-03-0

Chemicai name: Ademetionine 1,4-butanedisulfonate

Structural formuia .

e
-CH -CH-COOHS03S-C4H8-S03H

21
NH2

0“65H03s-c4H8-so3H
OH OH,.

Moiecuiar formuia (as sait):

Cl 5H23N605S+.C4H906 S2-.6,65 C4H1 006S2

Moiecuiar formuia (active cation): c15H23N605S+

Moiecuiar weight (as sait): 758.55

Moiecuiar weight (active cation): 399.45

Appearance of the raw material: .’

Ade-SD4 is a white odorless amorphous powder.
“..



2.1.7 Volubility, water

Freely soluble (more than 500 g/1at room temperature as salt).

2.1.8 pH

Water solution 0.4?40

2.1.9 Synonyms

Ademetionine SD4,

methionine SD4.

(weight/volume) has a pH of”2.4

SAMe SD4, SAMe 1,4-butanedisulfonate, Adomet SD4, active

2.2 Manufactu rina (act ive ingredient)

Ade-SD4 is produced by fermentation of yeast enriched in ademetionine in the

presence of methionine.

At the end of fermentation, ademetionine is extracted by cellular Iysis and purified

by column chromatography on three different resin types, salified with

1,4-butanedisulfonic acid and obtained as”white powder using a spray-dryer.

2.2.1 Principai specification

● Ademetionine cation 48%-52% weight/weight

● 1,4 butanedisulfonic acid 44 Yo-48Yo

● water not more than 2.5°/0

● purity (as salt on dry substance) not less than 98°/0

2.2.2 isomerization
. .

Ade-SD4 is a mixture of two diastereoisomeric forms: (S,S)

Isomerization at the sulfur atom occurs spontaneously

dependent. . .
,.

form and (R,S) form.

and is temperature

The (S,S) isomer content of the final dosage form is between 65-72?40.

Both isomers are biologically active (see section 3.3.3) (Dunne et al. 1995),

, -22-
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2.3 ~

Ade-SD4 is a new more stable

ingredient present in the injectable

2.3.1

- 400

salt .of Ademetionine

and oral formulations.

Injectable form

mg (as cation) Iyophilized in vials

and is the only active

solvent ampoule containing 5 ml of buffer solution

COMPOSITION:

1 vial contains:

- Ade-SD4 759.6 mg (equivalent to 400 mg cation and 359.6 mg of

1,4-butanedisulfonate)

1 solvent ampoule (5ml) contains:

- I-lysine 342.4 mg

. sodium hydroxide 11.5mg

- water for injections 4729.6 mg

..

pH Ai=rERRECONSTITUTION(VIAL+ AMPOULE)

The pH of the solution before injection is 7.5+1.

2.3.2 Oral form

. 400 mg (as cation) gastroresistant white oval shaped tablet in aluminium strip

COMPOSITION

1 gastroresistant tablet contains:

Ade-SD4 759.6 mg (equivalent to 400 mg cation and 359.6 mg of

1,4-butanedisulfonate)

non active ingredient 150 mg.

Please note that the dosages reported in this

refer to the active cation ademetionine and

Investigator’s Brochure

not to the salt unless

stated.
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3. PHARMACOLOGY

3.1 General pharmawkgy

General pharmacodynamic studies with Ade-SD4 were carried out “in vitro” and “in

vivo” in anaethetized animals after intravenous atistration (Data on Knoll

Farmaceutici file; Report no. SPH 01/91).

Eff6cts on the following systems were evaluated:

● eardio-vascukir and respiratory systems in cat and in guinea-pig;

● autonomic nervous system in eat

. neuromuscular transmission in ea~

. visceral motility in cat.. . . . . .

The doses tested “in vivo” were 30, 100,300 mgkg in most of the studies by intravenous

application. Drug related and dose dependent effects have been registered only in the 100

and 300 mgkg doses. The main pharmacological effects are the following:

● signifkant and lasting decrease (more than 1 hour) of systolic and dktolic blood

pressure in the cat not associated with any variations in the contractility index. The

effect of the substance is not based on influence on cardiac contractility mechanics

(similar to the results of “in vitro” studies on isolated guinea-pig atrium), but could be

rated to a substance effect on vascular smooth muscle.

● reduced contraction of the nictitating

A slight dosedependent increase in

membrane (maximum decrease by about 30VO).

the blood pressure response to norepinephrine

(NE) and epineptie (E) might be due to the reduced base level of blood pressure

due to bilateral carotid occlusion, was considerably attenuated by Ade-SD4 treatment

(-57% at the dose of 100 mgkg and -79% at the dose of 300 mf$kg).

Results obtained seem to low a gangliopegic effect which is also in
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accordance with the reduction of pressure response to

dimethylphenylpiperazine (DMPP). Futihermore, the inhibition of the ~rotid

reflex suggests a drug effect on central mechanisms.

● a significant recovery after blood pressure reduction, induced by” vagal

stimulation or injection of acet ylcholine, was obtained at the dose of 300 mg/kg

iv. (40Y0 and 20’% respectively). A similar trend was obsetved w“th the

interference of the response to histamine already significant at the dose of 100

mgkg (anaesthetized cat).

s a dose-dependent transient inhibition of bladder and uterus motility. Wdh 300

mg/kg a total inhibition of contractions (3 - 5 rein) followed by a progressive

.. recovery of contractility has been observed.

In about 50?4 of the animals tested there was a dose-dependent transient
. . increase in the intestinal” (jejunum) motility associated with a slight increase in

“the basal tonus. Conversely in the other animals there was no effect on intestinal

motility. .

● a dose-dependent tendency to retention of water and salt duting the first hours

after oral application.

Regarding the “in vitro” studies, the maximum tested concentration of Ade-SD4 was

10-4 M.

At this’concentration the following

● no direct effect on contractility

observations have

and heart rate or

been made:

coronary resistance (isolated

guinea-pig heart; Langendorff’s method);

● absence of anticholinergic, antihistaminergic, antiserotoninergic, ganglioplegic

and antispastic activities (guinea-pig terminal ileum).

Considering the results obtained from the general pharmacological experiments, it

can therefore be concfuded that Ade-SD4 seems to be devoid of severe

-.22.,
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undesirable effects on the vegetative system, nor does it interfere with the vital

functions of the animals tested, except at very high and clinically irrelevant doses.

3.2 He~atic metabolism of adem etionine in chron c liver d seasei i

In mammals, as much as 48% of methionine is metabolized by the liver (Zeisel &

Poole 1979), where about 80% is converted into ademetionine (Mudd & Poole

1975). Having donated its methyl group to a variety of acceptors, ademetionine is

converted into S-adenosylhomocysteine and, through the transsulfuration pathway,

into cysteine, whose availability is the rate limiting step for the synthesis of

glutathione and of sulfurated compounds (Figure 2), Moreover, ademetionine

exerts a dose-dependent activating effect on cystathionine synthetase, the rate-

Iimiting enzyme for glutathione biosynthesis, further promoting the formation of

sulfurated compounds (Finkelstein et al. 1975; Ortiz et al. 1993; Mato 1994).

Methionine metabolism is impaired in chronic liver disease, as demonstrated by 3

main findings: 1) patients with cirrhosis often show impaired methionine clearance;

2) the activity of ademetionine synthetas~ is significantly reduced in cirrhotic; 3)

the administration of Ade-tosylate to patients with chronic liver disease is followed

by increased plasma and biliary concentrations of sulfurated compounds and

hepatic glutathione content.

,.,’

1) Following an oral load of methionine, only 38% of the amino acid is excreted

as urinary sulfates within 24 hours in cirrhotic patients in comparison with 71 YO

in healthy controls (Horowitz et al. 1981). The simultaneous delay in
.. .

methionine plasma clearance and urinary sulfate excretion also supports the

evidence for a block in the transsulfuration pathway in cirrhotic patients. As the

intermediates homocysteine, cystathionine, homoserine and cysteine do not

simultaneously accumulate in plasma or urine, the block appears to occur

before homocysteine synthesis. These findings have recently been confirmed

by Marchesini et al. (1992a) who also reported a significant correlation of

methionine clearance impairment with the severity of liver disease as assessed

by galactose elimination and Child-Pugh score.



2) Several studies (Cabrero et al. 1988; Martin Duce et al. 1988) have shown that

a marked decrease inactivity (about 80%) of the high molecular weight form of

ademetionine synthetase, the active form of the enzyme, occurs in cirrhotic

liver. This effect is possibly attributable to a decrease in the synthesis of

glutathione due to the liver damage and, consequently, impaired protection of

the enzyme from oxidizing agents (Corrales et al. 1990, 1991a). In humans, the

resulting reduction in ademetionine synthesis appears to be associated with a

compensatory reduction in the utilization of hepatic ademetionine (Cabrero et

al. 1988).

The administration of Ade-tosylate prevents ademetionine-sy nthetase

inactivation possibly by increasing hepatic glutathione availability (Corrales et.,

al. 1992a; Pajares et al. 1992a, 1992b). .i,.

.

Recently, Loguercio et al. (1994) measured glutathione and cysteine

concentrations in erythrocytes of chronic alcohol misuses with (20 subjects)

and without liver cirrhosis (20 subjects). All the subjects displayed an

impairment of glutathione synthesis ,as shown by a decrease in erythrocyte

glutathione levels and an increase in those of erythrocyte cysteine. The

infusion of Ade-tosylate (2 g/daily for 15 days) corrected the erythrocyte thiol

alterations in all the cases. The authors suggest that Ademetionine affects the

metabolic pathway of erythrocyte glutathione and cysteine by restoring

membrane fluidity and deranged a“mino acid membrane- linked carriers. This

would normalise the imput of cysteine in the red blood cells and therefore

restore glutathione synthesis. ,*’.,

Studies in patients with pre-cirrhotic chronic liver disease, such as chronic

persistent hepatitis and chronic active hepatitis, have revealed very low serum

levels of cysteine as, compared “to normal subjects, suggesting that the

impairment of the transsulfuration pathway might be an early event in chronic

liver disease (Selhub 1992; Almasio et”al. 1994).

A reduction in activity of the enzyme phospholipid methyltransferase has also

been demonstrated in patients with cirrhosis (Ortiz et al. 1987; Martin Duce

al. 1988). This enzyme catalyzes the sequential methylation

et

of

-28-
4



Pharmacology
#

phosphatidylethanolamine to phosphatidylcholine, the main membrane

phospholipid, through a metabolic pathway which utilizes ademetionine as

methyl donor. Membrane phospholipid methyltransferases are highly specific

for ademetionine, are not saturated by physiological tissue concentrations of

ademetionine and, therefore, are sensitive to exogenously administered

ademetionine (Hirata et al. 1978; Hirata & Axelrod 1980; Traver et al. 1984;

Osada et al. 1990).

3) Ade-tosylate administration (1200 mg/day iv. for 3 days folIowed by 1200

mg/day orally for 30 days) has been demonstrated to increase plasma cystine

and taurine levels in patients with severe hepatocellular failure without

jncreas ina rllasma met hionin~, which would be potentially harmful in patients

prone to hypermethioninaemia (Marchesini et al. 1992 b). Furthermore, oral

Ade-tosylate (800 mg/day for 60 days) increases hepatic availability of taurine

in cirrhotic patients as shown by a rise in biliary taurine concentrations and

tauroconjugation of bile salts

1994).

Patients with alcoholic cirrhosis

(mainly, chenodeoxycholate) (Angelico et al.

treated for 1 month with oral Ade-tosylate 1200

mg/day displayed improved methionine tolerance, as reflected by significantly

lower serum methionine levels and improved methionine clearance after an

oral load with the amino acid as compared with baseline (Corrales et al.

1991 b, 1992 b).

Finally, hepatic glutathione content was restored to nearly normal levels in

cirrhotic patients following long term oral Ade-tosylate administration (1200

mg/day for 6 months) (Vendemiale et al. 1989a).

The results of these studies are further detailed in section 6.3.5.2.

Taken together, these findings show that the administration of ademetionine

overcomes the metabolic block due to the reduced ademetionine-sy nthetase

activity, resulting in the restoration of the transmethylation and transsulfuration

pathways. This is also supported by the observation that the administration of Ade-

tosylate prevents or reverses membrane lipid composition abnormalities and

restores ATPase activity of hepatocytes and erythrocytes induced by several



hepatotoxins in animal models or related to chronic liver disease in humans

(Boelsterli etal.1983; l?ascaleet al. 1989; Osadaet al. 1990; Tsujiet al. 1990a;

Kakimoto et al. 1992; Muiiel & Mourelle 1992; Rafique et al. 1992a, b; Schreiber &

Simon 1983a).

3.3 Pharmacodvnamics

3.3.1 Experimental cholestasis

The anti-cholestatic activity of Ademetionine (Table 1)has been extensively proven

in different animal models of cholestasis induced by:

●

●

●

●

●

●

9

ethinyloestradiol (Stramentinoli et al. 1981; Boelsterli et al. 1983; Nanno et al.

1987; Fricker et al. 1988).

hydrophobic bile salts (Schreiber et al. 1983b; Benz et ‘al. 1995; Carubbi et al.

1995).

a- naphtyl-isothiocyanate (ANIT) (Di Padova et al. 1985; Nanno et al. 1987).

cyclosporin (Jim6nez et al. 1991; Fernadez et al. 1992, 1995; Lucas et al. 1994;

Roman et al. 1995).

total parenteral nutrition (Belli et al. 1994).

bile ducts ligation (Muriel et al. 1994; Pastor et al. 1996).

exhaustive exercise (Villa et al. 1993).

Different mechanisms of action

impairment in these models have

by which Ademetionine reverses

been postulated. All of them relate

bile secretion

to the peculiar

biochemical properties of this molecule as methyl donor and precursor of- trans-

sulphuration products. In particular, through the metylation reactions, Ademetionine

might inactivate hepatotoxins such as oestrogens (Stramentinoli et al. 1981; Vore

1987; Larrauri et al. 1992) as well as restore liver cell membrane fluidity and related

transport activities (Arias 1986; Fricker et al. 1988; Belli et al. 1994; Muriel et al.

1994; Pastor et al. 1996). Furthermore, Ademetionine promotes the production of

glutathione, taurine and sulfates which are known endogenous detoxicating agents

(Burk 1981; Chawla et al. 1984; Vendemiale et al. 1989a, 1989b). It provides,

-30-,



Table I Experimentalmodels ol cholestasia and effects of Ademetionine treatment

eterence Model Toxic agent Ademetionine Resuits
dosagehoute

m
oestertl et al. 1983 rats EE 25 mgkg t.i.d for 3 t Na+/Ki-ATPase activity

5m@kgldfor3 days i.m. t Li%ts fluidity
days p.o. J Me flow impairment

iicker et al. 1986 isolated membrane EE 50PM t PC membrane content
Vescfcfes 5 rnglkgld for 6 t taurochoiate transport
(rate) days S.C

Isnnoet al. 1987 rats EE 25 mgJkgt.i.d for 3 J serum total bite adds
5 mglkgld for 3 days S.C. J serum aikatine phosphatase
days p.o.

Wrnerttinoli et d. rats EE 25 rngtkg t.i.d. for 3 t biie ftow

981 ‘ 5 mglkgld for 3 days i.m. . . ,1 Mary ct@ester@ molar ratio
. days p.o. ~ methiiated EE metabolizes in biie.’

)enz et al. 1995 rat hepatocyte gfyco-CDCA dose escalatingup to > 500 @l Ads optirnaf hepato-protective dose (= 100 PM
cuiture 5oopmotllfor46h 3,000 PM TUDCA). Toxfcfty at doses >3,000 @d Ade (vs 500 PM

TUDCA)

hrubbi et al. 1995 HepG2 Ceii fins DCA350PM 500 PM 500 @l Ada as protective as TUDCA and UDCA (200
@0-
UDCA >400 PM non-protective.
Ade + UDCA > 20% protection vs UDCA alone.

khrefber et ai. 1983b rats TLC 25 mg/kgld t.i.d. for 5 J no. chotestatic rats (25% w 900/.)
0.5 J/M/kg iv. days i.m. t TLC secxetofymaximum

t PC membrane content

)i Padova et al. 1965 * ANiT 25 mg/kg ti.d. for 3 J serum biiirubin, ALT, SAP
100 In@kg once days i.m. t biie fbw
p.o.



Table 1 Continue

Nanno et al. 1987 rats ANtT 25 mg/kg t.i.d for 3 1 serum bilirubin, ALT, SAP, GGT
,:,,, 100 mg/kg once days S.C. J inflammatory infiltration+ pericholangial edema al

p.o. histology.

Femandez et af. 1992 rats cycfosporin A 10 mglkg t.i.d. for 2 wk J serum bifirubin
10 mglkgidfor 2wk S.c. I bile flow
Lp. t biliary secretion of bile salts

Femandez et al, 1995 rats cycfosporfn A a“ 10 rng/kg S.C.3, 5, a $ bfle flow, BA, lipid secretion impairment at 3h >8
10 mg/kg/d for 2 wk 8 h before Cy A h.
Lp. b. 10 mglkg t.i.d. for 2 b. t bite flow, BA + fipldssecretion

wk S.0.

Lucas etal. 1!394 rats cycfosporin A 20 mg/kg Lp. 1,3,5 h t bile ffow and GSH excretion (3 h dme but not 1 and
20 rngkg acute iv. before Cy A 5 h)

Jimenezet al. 1991 rats cyclosporin A 25 mg/kg t.i.d. for 2 wk t bile flow, BA + lipids secretion
10 mgikgld for 2 wk i.p.
Lp.

Roman et af. 1995 isolated rat cycfosporin A lrnhl protection of pericanaficular cytoskeleton
hepatooytes 75 nM -100 nM

Belli et al. 1994 rats TPN (3.4 g 75 mg/kg124 h for 5 t bile flow, BA + Ilplds secretion
amhoacids + 10.2 g days Lv. t Na+K+-ATPase acthrfty
dextrose/24 h) for 5 ! membrane Iipidlprotein ratio
days

Murfel et al. 1994 rats 15day bile duct 20 mg/kg t.i.d for 15 J serum b~ibin, SAP, GGT
ligation days i.m. t Na+/K+-ATPase activfty

J 9fYco9en depletion and lipid peroxidation levels
1 Wfvenular fibrosis bife canalkuli and mkchondria
abnorrnalttlee

Pastor et at. 1996 rate 28day bile duct 10 mglkglday for 28 t microsomal oxygenates activities
ligation days i,m. t rnicrosomatmembrane fluid~

no restoration of hepatic GSH and cytochrome P-450
concentrations

Vfflaet af. 1993 rats run to exhaustion 8 rnglkgl for 10 days t bile flow+ BA secretion
(152 * 18min) S.c. ~ hepatic GSH

J lipid peroxidation levels



*
Pharmacology

*

therefore, thesubstrates fordetoxifyng conjugation processes into the hepatocyte

as well as for maintaining the functional integrity of the liver cell (Burl( 1981;

Hoffmann & Roda 1984; Heaton 1985; Attili et al. 1986; Yousef et al. 1987, 1992).

Ade-tosylate treatment also showed to protect the integrity of the pericanalicular

cytoskeleton from cyclosporin exposure, as so to mantain canalicular contractions

and/or preseve tight-junction function (Roman et al. 1995).

It is interesting to note that Ade-tosylate resulted in being less toxic than TUDCA

(Benz et al. 1995) and to enhance by 20% the cytoprotective effect of UDCA

(Carubbi et al. 1995) in isolated hepatoc~es exposed to hydrophobic bile salts.

Furthermore, Ade-tosylate is able to ~ vitrQ restore lymphocyte functions affected by

CDCA (Filaci et al. 1995).

3.3.2. Effect on alcohol-induced liver injury

The pharmacological effects of Ademetionine on alcohol-induced liver injury have

been studied in several @ vitro and in vivQ experimental settings of acute and

chronic exposure to ethanol.

In particular, Ade-tosylate treatment (Table 11)proved to:

●

●

●

●

●

Protect the liver cell against mitochondrial damage and dysfunction (Lieber et al.

1990; Devi et al. 1993; Garcia-Ruiz et al. 1995).

Enhance hepatic cytosolic as well as mitochondrial glutathione content and

reduce hepatic and blood acetaldeyde levels (Feo et al. 1986; Pascale et al.

1989; ; Lieber et al. 1990; Battiston et al. 1995; Devi et al. 1993; Garcia-Ruiz et al.

1995).

Restore the hepatocyte content of depleted endogenous ademetionine as well

as Na+/K+-ATPase activity of liver cell membranes (Feo et al. 1986; Pascale et

al. 1989).

Decrease serum TNF concentrations as well as counteract TNF-induced

hepatotoxicity (Vara et al. 1994; Chawla et al. 1995; Arias-Diaz et al. 1996 in

press)

Reduce hepatic steatosis, liver cell necrosis, bile flow impairment and prevent

liver fibrosis (Pascale et al. 1989; Lieber et al. 1990a; Cutrin et al. 1992a, 1992b;

Alvaro et al. 1995).



Table II Experimental models of alcohol-induced liver injury and effects of Ademetionine treatment

eference Model Toxic agent Ademetionine Resuits
dosagelroute

,Jvaroet al. 1995 isolated perfused l?. ethanol 25 @kg t.i.d for 3 I bile flow+ 8A secretion
ratlfver exposure for 70 days i.m. before liver ~ AST + iDH

min. removal + 10 pmoihnin
perfusion

Iattistonet al. 1995 rats ethanol 0.5 @kg i.p. a pre-treatment, 20 a b. t hepatic GSH
once mglkgld for 7 days

i.m.
b. pre-treatment, 20

mg/kg i.m. 14 h

Mrfn et at. rata 10% ethanol + 25 mglkg Ade i.p. +20 J perivenular fibrosis
CCt4 0.3 mUkg mg/kg Nifedipine $ LDH
twfceawkfcrlrno p.o.ld for 1 mo
p.o.

)evi et ai. 1993 rat fetal ethanol pre-treatment 0.1 f ATP and GSH
hepatocytes 2 rrlghnl mmoUL for 24 h ~ cell repiicatbn

J lipid peroxidatlon levels

‘ec et al. 1986 rats a acute ethanol a 25 mgtkg every 4 h a J hepatic ademetiordne depletion
intoxication i.m., 12 h before +

12 h after ethanol
b. 36’70diet as b. 25 mglkgt.i,d for 16 b. 4 hepatic ademetionlne depletion

ethanol for 16 d days i.m. J hepatlc fat content and secretion
1 hepatic GSH and acetafdehyde
1 plasma aceteldehyde

~arcfa-Ruizet ef. 1995 rats 50% diet as ethano I 40-50 mild with the t cytosoi and mftochonctriaiGSHin PP and PV ceite
for 4 wk diet for 4 wk t cetiuler ATP

I mitochondrfal membrane potential and uncoupler or
ratio of respiration



Table II Continue

I5(WOdiet as ethanol 25 mglkg with the diet
for 24 rno for 24 mo

PascaJeet al. 1989 rats ethanol 5.9 g /kg
with the diet for 46

I
days r94.5-189-378

prnol/kg/d for 46 days
Lm.

I hepatic ademetionine and GSH
Jplasma GDH end AST
1 hepatic giant mitochondria and SDH.- ,

t Na+/K+-ATPase activity (dose-dependent effect)
t hepatic GSH
J serum SDH and hepatic fat content+ necrosis
faster recovery of all the parameters when Ade-tosylate
administered after ethanol withdrawal
Ade-tosylate better effects than methionine and NAC

Adas-Dkuet al. 1996

Chawtaet at.1995

Varaetd 1994

isolated rat
hepatocytes

arata

b. HePG2 cells

fsolated rat
heDatocvtes

TNF 100, 200,500
nghnl or IL-1 30,60,
120 lU/mt up to 24 h

a chotlne defldent
diet + LPS 2
rn@kgfor2wk

b. ethanol 25 mmol
for 10 wk

TNFIOOn@mtor
IL-1 30 lU/ml.-

I ovemlght

12 prnol/L 24 h pre-
and post-culture

not reported

5 JJgtml

J LDH release and cellular malondialdehyde,
triacylglycerols content
t membrane phosphatldytchollne and hepatocyte GSH

a J6enJm TNFsnd ALT

b. ~ }ntracetlular ademetionlne
~ TNF Cy’tOtOXjOity

J LDH release, 11PMperotidation levels, TG synthesis
t membrane phosphatidyfcholine and hepatocyte GSF



Most of these effects have been related to the high glutathione pool maintained

Ade-tosylate treatment since they are not obsetved after administration

glutathione depleting agents (Pascale et al. 1989).

3.3.3. Liver fibrosis

by

of

Previous “in vitro” observations showed that the addition of Ade-tosylate at the

concentrations greater than 0.05 nmoles/ml to monolayer of normal human dermal

fibroblasts resulted in a significant decrease of collagen production without

affecting their proliferation and viability (Casini et al. 1989).

Following these findings, the potential antifibrotic activity of ademetionine was also

investigated in animal models.

The- intraperitoneal administration of carbon tetrachloride (CC14)for 9 weeks to rats

resulted in hepatic fibrosis, increase in prol yl hydroxylase activity, marked reduction

of total ademetionine-synthetase activity, and depletion of hepatic glutathione

content as compared to a control group (Corrales et al. 1992a; Caballeria et al.

1994b). The treatment with Ade-tosylate (3 mg/kg/day i.m.) combined to CC14

administration in a third group of animals significantly reduced liver collagen

deposition and prolyl hydroxylase activity. This effect was associated with a

decrease in the number of rats developing liver cirrhosis (3 out of 6 in the CC14

group and 1 out of 7 in Ade-tosylate-treated rats). Furthermore, Ade-tosylate

treatment corrected the reduction of ademetionine-sy nthetase activity without

affecting mRNA ievels. This finding suggests that Ade-tosylate administration

restores the activity of the enzyme, rather than inducing its synthesis. Finally, iiver

glutathione content was also restored to control vaiues by Ade-tosyiate

administration.

To confirm this results, a second

whether the effects of Ade-tosyiate

once CCiA iiver damage had been

1994).

study was performed aimed at investigating

were similar in the same experimental modeis

initiated (Cabalieria et al, 1994a; Gassb et ai.

This study has shown that Ade-tosylate (1O mg/kg i.m. daily) administered for 6

weeks from the 3rd week after the first CCIA injection significantly (pcO.05) reduced

hepatic coiiagen content, prolyl hydroxylase-activity and increased ademetionine

-36-
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synthetase activity and hepatic glutathion concentrations as compared to the

control groups (CC14alone). Furthermore, only 1 rat out of 6 receiving Ade-tosylate

for 6 weeks developed cirrhosis whereas all rats from the control group had

cirrhosis at the end of the study.

Rats receiving Ade-tosylate for only 3 weeks from the 6th week after the first

injection of CC14, did not differ from the control animals as for the hepatic

parameters evaluated as well as the frequency of cirrhosis possibly because of the

short treatment period in relation with the severe damage already established.

To test whether changes in the metabolism of methionine are induced directly by

CC14 administration and precede the pathological changes produced by this agent,

an additional experimental setting was performed (Varela-Moreiras et al. 1995). In

this study, CC14 was administered to rats for only 3 weeks as so not to induce

fibrotic changes and resulted in a marked hypomethylation of hepatic DNA,

reduction of hepatic ademetionine/S-adenosyl homocysteine ratio (i.e. the

methylation ratio), depletion of hepatic folate and massive increase in serum

homocysteine. These results confirm that methionine metabolism is already

impaired in the early stages of the exposure to the toxic agent. They also indicate

that the reduction in hepatic ademetionine-sy nthetase and the depletion of hepatic

GSH seen after 9 weeks of CC14 treatment are most likely sequelae of the early

alterations of methionine metabolism. The concomitant treatment with

Ademetionine (1O mg/kg/day, intramuscularly) corrected all these abnormalities by

resetting the methylation ratio.

Recently, in a fufiher experimental model of hepatic cirrhosis induced in rats by the

administration of CC14 and ethanol the effect of Ade-tosylate (2$ mg/kg every other

day by intraperitoneal injections) in combination with a calcium antagonist blocker

(i.e. Nifedipine 20 mg/kg every other day by intragastric administration) on liver

fibrosis was investigated (Cutrin et al. 1992a, 1992b; Barrio et al. 1993). These

experiments showed that perivenular fibrosis (an early histological marker of

progression toward cirrhosis) was significantly reduced in the animals treated with

the combination Ade-tosylate/Nifedipine for one month in comparison with the

group receiving only CC14and ethanol.

Finally, the administration of Ade-tosylate (200 mg/kg bwt/day intraperitoneally for



54 weeks) to Long-Evans rats (animal model of spontaneous liver cancer)

significantly reduced the incidence of cholangiofibrosis (6% vs 57°/0 in the control

group) (Kokuryu et al. 1992).

According to the present experimental data, ademetionine not only is active as

anticholestatic agent but, as reported by preliminary evidences, it may also have

antifibrotic potential. Since cholestasis “per se” might induce hepatic fibrosis

(Schaffner 1992), the two effects of ademetionine may operate synergically in

improving the outcome of cholestatic chronic liver diseases.

3.3.4 Animal models of organ transplant

Pharmacological activity of Ade-SD4 has recently been demonstrated in three

animal models of liver ischaemia, namely normal perfusate flow hypoxia, stop-flow

“warm” and stop-flow “cold” ischaemia.

Normal-flow hypoxia of rat liver, which also resembles to a certain extent low-flow

liver ischaemia (Jaeschke & Mitchell, 1990), resulted in hepatocellular multilobular

necrosis and massive bile flow reduction (Pezzoli et al. 1991; Thorn et al. 1992).

Furthermore, Chawla et al. (1994) observed that in rats maintained under

physiologic hypoxia (1OYOoxygen) for 9 days have a significantly subnormal

hepatic ademetionine concentration and a significant decrease in expression of

mRNA and activity of ademetionine synthetase. These results suggest that altered

1-carbon metabolism due to decreased ademetionine may contribute to altered

hepatic function during pathophysiologic conditions involving hypoxia.

Application of 100 WM Ade-SD4 to the perfusion medium prevented liver cell

necrosis as assessed by an improvement in histological features and by a

decrease in the release of cytosolic enzymes (Pezzoli et al. 1991; Thorn et al.

1992), Ade-SD4 application also significantly enhanced bile flow and restored the

levels of cellular ATP and glutathione which were reduced by the effect of hypoxia.

These preliminary findings may have clinical relevance for the preservation of

organ function before and during transplantation. In fact, Ade-SD4 administration

not only improved liver histology but also restored bile flow, an important predictive

parameter of liver graft function (Starzl et al. 1989), and hepatic ATP and

glutathione levels, markers of cellular energy state and detoxifying potential,

, -38-
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respectively.

In order to better clarify these results, further experiments have been performed in

the model of stop-flow ischaemia which resemble more closely the situation during

liver transplantation.

Accordingly,

performed in

at 4 ‘JC for 1

stop-flow ischaemia of rat liver and subsequent reperfusion was

two experimental sets at different temperatures (“Cl - cold ischaemia”

hour and “WI - warm ischaemia” at 37 “C for 1 hour) (Dunne et al.

1993a, 1993b, 1994). ‘

Cl caused hepatocytes injury, monitored by the release of aspaflate

aminotransferase (AST) into the perfusion medium soon after reperfusion.

WI produced more severe injury than Cl as shown by greater initial increase in

perfusate AST, glucose and oxygen extraction ratio as well as an impairment in the

initial (15 rein) mean blood flow and bile flow.

Ade-SD4 treatment of the donor (125 ~mol/kg bwt s.c.) 16-18 hours prior to

hepatectomy and inclusion in UW and as a bolus in the perfusate just before

reperfusion (100 ymol, respectively) restored blood flow and oxygen delivery,

consumption and extraction ratio towards normal in all the experiments.,,.,,

Furthermore, bile production to 15 min was increased 5-fold, by Ade-SD4 and rose

progressively towards control values at 3 hours. Ade-SD4 substantially decreased..,
both glucose release and acid production over 3 hours. Ade-SD4 had no benefit to

parenchimal or endothelial cell damage as judged by perfusate levels of AST and

purine nucleoside phosphorylase.

:. (.,

Subsequent expe~rnents’ demonstrated that benefits with Ade-SD4 was derived

from each of the three treatment stages.

These results suggest that Ade-SD4 is a novel potent agent for the improvement of

liver function after cold preservation as well as warm ischaemic injury and that,!
benefit is achieved” both by improving hepatocellular metabolic function and

correcting haemodynarnic abnormalities.,. ...,, ,.’:
Additional experiments ‘in the same model, were aimed at elucidating the

mechanism of action of Ademetionine by using its diastereomers (Dunne et al.



1995). Both the endogeneous (S, S’) and the synthetic (R,S’) isomers of

Ademetionine proved to be biologically active with the former showing greater

choleretic activitiy and the latter greater hemodynamic effects. ,.

Recently, Vara et al, (1994) suggested a protective effect of ademetionine (5 pg/ml)

against the toxic effects of cytokines in isolated hepatocytes. In this model cytokines

significantly increased hepatocyte LDH reiease, MDA content and TG synthesis.

None of these effects was observed in the presence of Ade-tosylate. In addition,

Ade-tosylate was able to prevent the lipid peroxidation, the decrease in PC

synthesis and the decrease in GSH induced by TNFU Throughout “these
, ,,3 ‘. ,,

modifications ademetionine has’ a protective action against some effects of
., .,

cytokines.
,:,:

,;,; ..”~,.,---- .,

3.3.5 Effect on liver damage induced by drugs or hepatoxins”

The protecive effects of Ademetionine against liver damager taused by various

cholestatic agents have already been described in the previous sections. ‘“’”’

In addition, pharmacodynamic activities of Ademetionihe havd’also been tested in

M and W models (Table Ill) after exposure to k~own ‘tiepatotox~c drugs like
,-.

paracetamol, cyclosporin, heroin, and methadone (Strarnentinoli et al. 1979b; Bray

et al. 1991 b, 1992; Jimenez et al. 1991; Ponsoda et ‘al~”19’91’; ‘Fer~andez et il.

1992, 1995; Jover et al. 1992; Lucas et al. 1994; Roman et a~~i995;) as well as to
!:

galactosamine (Stramentinoli et al. 1978; Wu et al. 1996): b#o~obenzene (Wu et ‘al.

1996), CC14 (Tsuji et al. 1990a, b; Corrales et al. 1992a; Muriel & Mourelle 1992;

Caballeria et al. 1994a, b; Gassb et al. 1994), thioace~amide ‘f(Osada et al. 1986)

and lead (Paredes et al. 1985). ... .

., .>-,

In these settings, Ade-tosylate administration reduced the leakage of intracellular
.,;,

AST and ALT and liver necrosis as well as it restored the> hepatic glutathione

content and the biliay glutathione excretion. Furthermore, it’”reduced mortality in

animals receiving large doses of paracetamol (Bray et al. 1991 b, 1992;

Stramentinoli et al. 1979b) or CC14 (Muriel & Mourelle 1992).

,
-40-



Table Ill Experimentalmodels of drughpatotoxinsindti liver injury and effects of Ademet-mnhe treatment

b

Ieference Model Toxic agent Ademetlonlne Results ,,
dosagelroute ., , -.: ;,.-!,

wyet al. 1991b, ., mkx. . W==-1 ~ 0.5 -2.5 mmofikg Oor I mortality (O-9.5% w 26.5%) at any administrationtime
992 , 3oo-5oomgtkg 2 or !5h after challenge J ASTand livernecrosfs

s@Ja dose Lp. t plasma GSH
,. .!’ lowest dose not effective

Ade-tosyfate equafty effective on mortality as NAC
(equimolsr doses) but better in preventing GSH
depletion

over et al. 1992 fsolated rat = sulphur-defloient 10, 30, 100, 400 dose-dependent t hepatocytes GSH (max
bnsoda et d. 1991 hepatooytes medium prnof/L throughout 24 concentrations at 30-100 pmol/L)

isolated human ● heroin 0.25, 0.5, h before dmg time-dependent t hepatooytss GSH (max
hepatocytes l,2mMJ3h chaflenge oonosntratlons at 20-24 h)

● methadone 0.05, J cytotoxidty
0.1, 0.2, 0.5
mM16 h

“ paracetamof
0.35, 0.8,2,4
mtvV6 h

● ethanol 50, 100,
150 mMM6 h

WamenWd i et at. mice paraoatamol 710 10,20 mgikg Lm 5 mln ~ ltWtdity (8.3 7.9%% vs ~%)
1979b Irlg/kg I.p. Onm before and 20 mln after i AST and tfvsr necmefe

drug chaffenge t hepatic GSH
J radiiabetfed paracetamol btiing to microsomal
proteins



Table Ill Continue

1

Wu et al. 1996 isolated rat D- galactosamine 0.5-3 mmol/L J LDH cellular leakage
hepatocytes 25-50 mmol/L 24 h ~ cellular GSH content

Bromobenzene 1.6
mrnol/L 2 h

Stramentindl et al. rats D@aotosamine 10,20 mg/kg Lm. t.i.d. J AST, ALT and liver necrosis
1978 400 mgtkg Lp. twbe for 5 days t hepatic ademetionine content and ademeii

synthetase activity
dosedependent effects with 60 mglkgld Ade-tosyiate
equaify effeotive to 100 mg/kgld prednlsoione

Fernandez et al. 1992 rats oydosporin A 10 mglkg t.i.d. for 2 wk J serum biikubin
. 10 mgtkgld for 2wk S.c. ~ bile fbw

Lp. . t bifiarysec@orl of bile Safts

Femandez et al. 1995 rats cydosporin A a. 10mglkgS.c.3, 5, a J Me fbw, B& lipid seaetion impairment at 3h >8
LIv 10 mglkgfd for 2 wk 8 h before Cy A h.
, i.p. b. 10 rngikg t.i.d. for 2 b. t bile fbw, BA + lipids secretlcm

Wk S.c

Lucas etat. 1994 rats qdosporfn A 20mgkgl.p. l,3,5h t blie flow and GSH excrertbn (3 h dose but not 1 and
20 mg/kg aoute iv. before Cy A 5 h)

; Jimenez et al. 1991 rats oydosporin A 25 mgtkg t.i.d. for 2 wk t bile fbw; BA + fipfdssecretion

* ; ~ ;,;;
10rn@kgtdfor2 wk i.p. ~,-,
t.p.l..! . ; ., !,: ,,,,, ’.:. ,. :$., ,-, ..,,, ,., --

: Roman etai. 1995 isofated rat $ . OYdosPodn A ‘lmfd protection of perfcanailoular cytoekeieton
hepatocytes 75 nM -100 nM

—~ ~
., CaL@bdaetaf, rate C@ O.5mftwicea 10 m@k@d i.rn. from t hepatlc ademetbnlnesynthetaseactivfty (6wk>3 ‘

1994a,b weekfor9 wk@ wk3t09(6wk)afran wk)
Gassbet al. 1994 wk 6 to 9 (3wk) f hepatfoGSH(both6 and3 Wk)

~~t~ ~flawn andprdyi-hydrotiaseactMty(6wk
>3 wk) and iipfdperoxfdationievels
J no. dtTflOtk rats (6 wk >3 wk)

k



Table Ill Continue

Iotldes etal.1992s rats CC140.5mftwfcea 3 mldkg/d for 9 wk i.m. t hepatic ademet-bnine synthetase activity and GSH

week for 9 wk i.p. i hepatic collagen and prolyl-hydroxilase activity
4 no. cirrhoticrats

ulurfel& Moureffe 1992 rats CC14 0.4 glkg p.o. 20 mg/kg Lm. t.i.d. for I rnotlality (20% vs W%)

for 8 wk 8 wk I membrane cholesterol/phospholipid ratio
, ., t membrane Na+/K+-ATPase activity

Tsujfet af. 1990 isolated rat CCf45 mM/24 h 1.3 mM/24 h I AST, ALT feakage

hepatocytes t no. of vfable cds and preservation of morphology

Wrela-vtorafes et af. rats CCf40.5 mfkg twfce 10 mglkgld Lm. for 3 restoration of methyt groups incorporation Into

1995 a week foc3 wk i.p wk hepatocyte DNA
t hepatic ademetionine and folate

Osadaet af. 1986 rats thioacetamide 50 2,200 mgJkgJd i.p. for J AST, ALT and liver nwxosk
m@g Id i.p. for 8 3 days 2 mg/kg/d equally effeotive to 200 mg/kg/d
days

Paredes et al. 1965 mice lead 4 mglkgld Lp. 20 rnglkgld S.C.for 22 t pfasma and hepatic GSH
evary 2 days (a@e) days J Plasma ffver, fddney tead concentrations
lead 10 *I p.o. t Pfasma fiver, kidney, spfeen, brain ALA-D activity
for 26 days
(chronfc)

.



Again, these effects have been explained by the improvement of methylations of

liver cell membrane components and the enhancement of thiol cOncentratiOnS via

the transsulfuration pathway. In fact, a pretreatment with inhibitor of methionine

synthesis abolished the protective effect of Ade-tosylate (Bray et al. 1991 b, 1992).

3.3.6 Effect on experimental porphyria ,..,
,.$

,: . $

Experimental hexachlorobenzene (HCB)-induced porphyria, which is characterized

by accumulation of porphyrins in the liver due to inhibition of uroporphyrinogen

decarboxylase (San Martin de Viale et al. 1977), “close[y resembles human

porphyria cutanea tarda (Ockner & Schmid 1961). In ‘ratsi ,with HCB-induced

porphyria, Ade-tosylate reduced hepatic porphyrin levels and hyperbilirubinaemia,

but did not affect HCB-induced inhibition of uroporphyrinogen decarboxyiase

activity (Cantoni et. al 1990) or normalize biliary function (apart from the

suppression of cholesterol secretion) or liver morphology (Cuo~moet al. 1991). It is

feasible that Ade-tosylate may mobilize porphyrins from the, liver or-interfere with
.!

their hepatic biosynthesis (Cantoni et al. 1990).
.

1

.,
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4. PRECLIMCAL PHARMA COKINETICS

4.1 bsorption
.

Studies performed in rats, hamsters and mice, treated with AdeSM (Data on Knoll

Farmaceutici file) by oral route, showed a low bioavilability of ademetionine (l%), probably due

to an extensive lst-pass effect occurring upon the absorption of the drug (Stramentinoli et al.

1979a). Intramuscular absorption was studied with Adetosylate and bioavailabilities higher than

80% were found in rats and rabbits (Strarnentinoli et al. 1976).

4.2 Distribution

Plasma protein binding of Ade-tosylate was found to be negligible in rats and dogs. Tissue

distribution studied performed in mice and rats with [methyl-14C]labelled ademetionine, as

tosylate salt showed that the highest radioactive concentrationswere achieved in kidneys. Liver

and adrerials also”showed high radioactivity eontentkj though lower than kidneys. The blood:

brain-barrier seemed to be crossed slowly by the compound (PIacidi et al. 1977).

Studies in dogs showed that the intravenous application of Ade-tosylate induces significant

increases in the cistemal fluid concentrations of the substance (Data on Knoll Farmaceutici filq
. . .

Report no. PK CSF-D-82).

Autoradiographic studies in pregnant mice reeeiving [methyl-14C]-ademetionine as tosylate salt

showed that the drug passes the placental barrier only to a very limited degree (PIacidi et al.

1979).

42 Metabol smi

Metabolic studies performed in rats treated with Ade-tosylate Iabelled at sulfur, methyl group

and side-chain carbon atoms, showed that exogenous ademetionine moieties are incorporated

into transmethylation- and transsulfhation-derived metabolizes, e.g. creatine, phospholipids, and

sulfates. Oxidation of the side-chain carbon atoms and decarboxylation were also observed.

These reactions, known to occur with the endogenous compound, thus seem to be shared by

exogenous ademetionine.
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4.4 Elimination

Ademetionine is eliminated

well as by renal excretion.

from the body through the above described metaboic reactions as

Negligible biliary excretion (Q%) was observed in rats and in isolated perfhsed rat liver using

labelled ademetionine, as tosylate salt (Data on Knoll Farmaceutici file; Report no. ANNT

0179).

Plasma haIf-lives of ademetionine were estimated in different animal species after intravenous

administration of Ade-tosylate and Ade-SD4 and values ranging from 15 minutes in hamsters to

40 minutes in dogs were found, as compared to a mean half-lifeof91 minutes observed in man.

~

Urinary excretion and overall metabolism of the substance were studied in rats, hamsters and

mice, after intravenous administration of 10 and 200 m@g of [carboxyl-’4C] Ade-SD4. A sharp

. . ‘difference in ihe urinary”excretion was seen ,betsveen rats and the other two species at the lower .

dose: rats excreted 45, while ,hamsters and mice excreted 45 and 67% of the iv. applied Ade-

SD4, respectively.

These results were in

applied [carboxyI-’4C]

agreement with the finding that rats metabolized to C02 66°/0 of iv.

Ade-SD4 as compared to 11 and 12% observed in hamsters and mice,

respectively.

Since decarbqdation at the amino acidic site occurs in every metabolic pathway of

ademetionine, exhaled C02 represents the amount of substance that is metabolized by each

animal species.

When a 200 mgkg dose was administered, rat urinary excretions increased to 50% and the

overall metabolism decreased to 220/0of the applied ademetionine, thus suggesting a saturation

of the metabolism and/or of the tubular reabsorption of the compound (Data on Knoll

Farmaceutici file; Report no. ANPK 01/02 91).

Among the studied species, rat resulted to be the most different from man, with respects to the

urinary excretion of ademetionine, since in human, after iv. injection of Ade-SD4 (400 mg =6

mgkg), 65°/0of the applied drug was recovered in urine.
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5. TOXICOLOGY

Thetoxicological studies on Ade-SD4by parenteral and oral

IV) were performed in different animal species legally

commonly utilised in pre-clinical research laboratories and

administration (Table

recommended and

include mutagenicity

investigations as well: Ali these studies were performed in compliance with GLP.

The groups and the number of animals per group were sufficient to allow a

complete statistical evaluation of the results obtained through assessment of the

toxic effects.

Table IV Summaryof toxicologicalstudiesonAde-SD4

Type of study Species Route Duration of treatment Doses administered
as ademetlonlne
(mg/kg bwrt/day)

Acute toxicity Mouse oral 1day (single dose) 0-4640

Acute toxicity Mouse Lv. 1 day (single dose) 0-464-681-825-908-1000

Acute toxicity Rat oral 1 day (single dose) 0-4640

Acute toxicity Rat iv. 1 day (single dose) 0-921-960-1000-1041-1085-
1130

Acute toxicity Rat i,m. 1 day (single dose) 0-600

Subchronic toxicity Mouse oral 13 weeks 0-400-900-2000 (MTD)

Subchronic toxicity Rat oral 13 weeks 0-400-900-2000 (MTD)

Subchronic toxicity Rat iv. 13 weeks 0-7-21-63-190

Subchronic toxicity Rat i.m. 4 weeks 0-50-100-200

Subchronic toxicity Dog oral 13 weeks 0-250-500-1000

Subchronic toxicity Dog iv. 13 weeks 0-50-120-300

Chronic toxicity Rat sac. 26 weeks 0-50-100-200

Chronic toxicity Rat oral 52 weeks 0-440-1000-2000 (2X1000)

Chronic toxicity Dog oral 52 weeks 0-200-400-800

Chronic toxicity Dog S.c. 26 weeks 0-50-100-200



Table IV Continue . . ... .,,,.!’”’ “ :.

Type of study Species Route Duration of treatment Doses
(mg/kg bwt/day)
administered as

ademetlonine

Fertility Rat oral FO generation: : ““ ‘“’ O-2X44 O-2X663-2X1OOO
males 17weeks ,.. . ~ .’
females 5 and 8 weeks resp.
F1 generation: ~
males 15 weeks
females 18 weeks

Fertility
,*:

Rat S.c. males 18 weeks , ~ 0-100-200-400.
females 11 weeks

Embryotoxicity Rat oral day 6-15 0-120-548-2500

Embryotoxicity Rat Lv. day 6-15 0-100-200-400

:mbryotoxlcity Rabbit oral day 6-18 0-100-223.6-500

~mbryotoxicity Rabbit S.c. day 6-18 0-25-50-100

‘eri-post natal toxicity Rat oral day 15 p.c. up to day 20 p.p>. 0-2x440-2x663-2x1 000

‘eri-post natal toxicity Rat iv. day 15 p.c. up to day 22 pp. 0-100-200-400

:arcinogenicity Mouse oral 78 weeks 0-500-1000-2000

;arcinogenicity - Rat oral 104 weeks 0-400 (200)-750 (440) -
;tudy I 1400 (1000) *

:arcinogenicity - Rat oral 104 weeks 0-50-100-200 (+187 SD4)
study II

Mutagenicity

-“in vivo” studies:
micronucleus test Mouse oral 1 day (single dose) 0-400-900-2000

micronucleus test Rat i.m. 1 day (single dose) : 600

. “in vitro” studies:
- Ames test (up to 5000 Ug!plate)

- HPRT-test (up to 5000 l.@ml)
.,;

- Chromosomal aberration in human lymphocytes (up to 5000 yg/ml)

- Unscheduled DNA synthesis in HeLa cells culture (up to 5000 pg/ml)

iv. = intravenous; = i.m.: intramuscular; s.c.: = subcutaneous; p.c. = post coitum; pp. = post partum

● = dose reduction from day 51 onward
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5.1 Sins e Dose ToxI icity

Thesingle dose toxicity studies were performed in mice and rats, both sexes. The

administration routes were: intravenous, intramuscular and oral. Changes related

to sex were not observed.

Overview:

Animal species Route of LD50 (mg/kg)
administration male + female

Mouse . oral >4640
Mouse iv. 908

Rat oral >4640
Rat iv. 1071 (1028-1115)
Rat i.m. >600 (Limit test) -

5.1.1 Oral administration/male and female mice

Knoll AG Study Code: MPF/WT 9223 (Data on Knoll AG file).

Clinical symptoms were forced respiration, clonic convulsions, partial palpebral

closure and diarrhoea.

Body weight gain in the treatment group did not differ from that in the control group.

No substance-related organ alterations were observed.

The approximate LD50 values were estimated for a 14-day recove~ period to be

higher than 4640 mg/kg bvvt for males and females as well.

5.1.2 Intravenous administration/male and female mice

Knoll AG Study Code: MPFANT 9224 (Data on Knoll AG file).

The main clinical signs in mice were: forced respiration, dyspnoea, prone position,

clonic convulsions, running and jumping fits, partial palpebral closure. The onset of

the above signs was 3 to 30 minutes after administration and lasted up to 5 minutes

to 1 hour. A dose of 825 mg/kg bvvt/day was well tolerated without lethality by males

and females.

The patho-anatomical examination of sacrificed animals revealed no substance-

related organ changes. :



The approximate LD50 was calculated to be 908 mg/kg bwt for males and females.

5.1.3 Oral administration/male and female rats “

Knoll AG Study Code: MPF/WT 9222 (Data on Knoll AG file).
f,,,!,,,”., .,,

No other symptoms with the exception of diarrhoea in one case only occurred and

no lethal effect was observed up to the dose of 4640 mg/kg.

Patho-anatomical investigations revealed no substance-related organ changes.

The approximate LD50 values were estimated for a 14-day recovery period to be

higher than 4640 mg/kg bwt for males and females as well.

5.1.4

The LD50

Intravenous administration/male and female rats

RBM Study Code: 890567 (Data on Knoll AG file). ~~

was calculated to be 1071 mg/kg, with 95% confidence limits of 1028 -

1115 mgfkg bwt. ., , ,.

The main clinical signs in rats were: muscular hypotonia and ataxia (frequently),

shallow breathing, tachypnoea, vasodilatation, piloerection, vocalization during

injection, depression of CNS functions, respiratory di;tress, cyanosis, and clonic

(asphyxial) convulsions. The onset of the above signs was” within 1 minute of

administration and lasted up to 30 reins -2 hours. .,, .

All the sutviving rats appeared normal between 30 reins and 4 hours after,,
treatment.

The observation performed on the days following treatment, showed a moderate

transient decrease of body weight (Day 3) which retu;ned ‘“to normal’ values (Day

14), although some animals did not showt.his trend.
..;.,.,..-. ., .,.>

,,,,,. .. ... ,,:’. .L, ,

The gross pathology examination performed on animals of all dosage groups that

died, showed a high occurrence of changes in the lung (mainly congestion

oedema).
‘.. ..-

and

Death was recorded within a few minutes of administration of the test article.
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5.1.5 Intramuscular administration/male and female rats

RBM Study Code: 890567 (Data on Knoll AG file).

No mortality occurred in rats treated at the dosage of 600 mg/kg bwt (limit test);

therefore, the LD50 was considered to be higher than 600 mg/kg.,,

In all the rats vocalization appeared during the injection and lameness lasting for a

few minutes just after treatment.

The general clinical signs observed in the animals treated by intravenous route

were also noted with this route. The above signs presented a delayed onset (30

reins after administration) and were of long duration (up to Day 6). These signs

regressed until their complete disappearance on Day 7.

The body weight

administration,

decrease showed the same trend as after the intravenous

At autopsy no changes were found either

5.2 Hepeated Dose TOXicity

f,

5.2.1 Subchronic toxicity

5.2.1.1 Oral administration/maIe

study)

in the organs or at the injection sites.

and female micel13 weeks (MTD

RCC Study Code: 280675 (MPFPJVT9075E) (Data on RCC file).

Males and females NMRI mice were administered orally, by gavage, with doses of

O, 400, 900, and 2000 mg/kg bwVday over a period of 13 weeks.

The treatment with Ade-SD4 did not effect survival. The water consumption was

higher in all treated males with respect to the control.

In males and females the absolute and relative organ weights, for example of the

liver and heart, were only marginally influenced (as a slight reduction) by the test

article at mid or high dose.

There were no treatment-related changes in the macroscopic and microscopic



appearance of any organ or tissue. ,’

5.2.1.2 Oral administration/mal’e and female rats/13 weeks (MTD

study)

RCC Study ”Code: 280697 (MPFANT 9074E) (Data’on RCC file).
.,

The test substance was administered orally, by gavage, to Sprague-Dawley rats at

the doses of O, 400, 900 and 2000 mg/kg bwt/day. There was no dose-related effect
.> .,.:,,,, ,.,,

on sumival.
:,. . :{ . . . ‘..

At 2000 mg/kg food consumption was lower than in controls in both sexes

throughout the study. There was only a lower body weight gain at 2000 mg/kg in

males and at 900 and 2000 mg/kg water consumption was increased in males

dose-related, but only temporarily (week 3-5) increased ”(n’fernales’ at 2000 mg/kg.
,- ,:.

No treatment-related effects on organ weights occurred in males nor in females at

low dose (400 mg/kg). In females only, at mid and” high ‘doss the ;elative kidney

weights were slightly increased.

With the exception of the kidney no histopathologic alterations were diagnosed.

Only at 2000 mg/kg in the kidney tubular necrosis of the outer medulla; associated

with mineralization, hyaline casts and vacuolisation of cortical tubules, was seen in

3 out of 20 surviving animals. These morphological changes corresponded to

those ones of the prematurely dead rats.
,,.... ;,.

5.2.1.3 Intravenous administration/male and female rats/13 weeks,,
RCC Study Code: 296594 (MPF/WT9120 E) (Data on RCC file),

Sprague-Dawley rats received doses of O, 7, 21, 63 and 190 mg/kg bwt/day.

In the high dose of 190 mg/kg the urinary volume was increased in both sexes, but

the urinary osmolality was reduced in female rats only. Indicators of nephropathy

as urinary enzymes (i.e. TGT) were significantly changed in the two, high dose

groups (63 and 190 mg/kg).

Kidney weights were increased for both sexes at 190 mg/kg bWt.” “
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Evidence of nephropatti~ at 21,63 and 190 mg/kg was revealed by histopathology

(i.e. tubular necrosis, tubular vacuolisation and/or dilatation). Tubular necrosis,

more prominent in males than in females, was seen, especially at 63 and

190 mg/kg bwt. Renal tubular regeneration was observed in most of the animals at

21,63 and 190 mg/kg bwt.

A “no observable effect level” was established at 7 mgkg bwt/day (equivalent to

13.6 mg Ade-SD4/kg bwt/day).

5.2.1.4 Intramuscular admInlstratlon/male and female rats14 weeks

Knoll Farmaceutici Study Code: 06/87 (Data on Knoll Farmaceutici file).

The test substance was administered to rats by intramuscular route over a 4-week

period, at doses of 0,50,100 and 200 mg/kg bwt/day. ~”

No animal died during the study. , .
. . ..

No abnormal clinical signs were noted during the treatment period, but most
. .

animals moaned immediately after the injection of the test substance.

At macroscopic examination, dose-related hemorrhages were found at the . .

injection sites.

5.2.1.5 Oral administrationlmaie and femaie dogs/13 weeks

RCC Study Code: 337050 (MPF/VfT 9251 E) (Data on RCC file).

Pure-bred Beagle dogs are given oral doses (by capsule) of O, 250, 500 and 1000

mgfkg bwtlday.

Food intake, body weight gain as well as clinical biochemistry parameters were

unaffected.

Treatment with the test article at 500 or 1000 mg/kg bwt/day was associated with an

increased incidence of diarrhoea in all dogs.

There were no substance-related organ weight changes or pathomorphological

organ lesions.
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5.2.1.6 Intravenous administration/male and female dogs/13 weeks

RCC Study Code: 289618 (MPF/WT 9097 E) (Data on RCC file).

Pure-bred Beagle dogs were given doses of 0,50, 120 and 300 mg/kg bwtfday.

Retching and vomiting was observed clinically in dogs administered 120 and 300 mgkg bwt.

At 300 mgkg bwt a moderate increase in kidney weight was recorded in female dogs and only a

slight increase in the severity and incidence of renal tubular dilatation was seen in both sexes of

this high group, but no necrosis of the kidney epitheliumswas seen.
..,.,. . . .. .. ,.

A dose of 120 mg/kg btiday (equivalent to 232.6 mg Ade-SD4/kg bwt/day) was regarded as the

“no observable toxic effkot level”.

. . .

5.2.2

. .,

Chronic Toxicity

. . . . . ..-

5.2.2.1 Subcutaneous administration/male and female ”rats/26 weeks

Knoll Farmaceutici Study Code: O1/88 @ata on Knoll Farmaceutici file).

The test substance was administered to rats by subcutaneous route over a period of 26 weeks, at . .

the doses of 0,50,100 and 200 mg/kg btiday.

No substance-related death occurred.

Evident toxicological ef%cts were swelling of the injection site followed by a dose-related

thickening of skin: at the injection site dose-related hemorrhages were noted.

The necropsy examinations did not show any alterations related to the administration of the test

article.

5.2.2.2 Oral administrationlmale and female rats/52 weeks

RCC Study Code: 311545 (MPF/WT 9215 E) (Data on RCC file).

The test substance was given orally, by gavage, at doses of O, 440, 1000 mg/kg bwt/day and

b.i.d. 1000 mgkg bwtlday respectively.

Survival was not affkcted by treatment with the test article.
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During the study decreased food consumption, decreased body weight and

diarrhea (soft/fluid stool) were noted in animals at

kg)bwfday.

This incompatible with thenecropsy finding ofdilated

mainly recorded in animals athese doses.

1000 and 2 x 1000 mg

cecum with liquid contents

Hematology data are pointing at a mild anemia in animals at mid and high dose as

indicated by a decrease in erythrocyte count and an increase in reticulocytes...,
These changes were found to be reversed after the recovery period..,

Early in the study at high dose, urinary enzymes were increased, but later even

lower urinary excretion ,.of some enzymes (alkaline phopshatase, Ieucine

aminopeptidase, gamma-glutamyltransferase) was noted for animals at the high

dose when compared with the controls. “-

Other changes in urinary” parameters of the high dose group like the decrease in

creatinine excretion and clearance, the presence of blood and protein indicated an

impaired renal function.

At the end of treat~ent the relative kidney weight was increased (at high dose

level) and histopathology showed a dose-related increase of renal tubular

vacuolation and dilatation. Both clinical laboratory and morphological kidney

findings were almost completely reversed after the 8-week recovery period, and

therefore are considered to be functional adaptive responses possibly due to an

osmotic effect of the test article.

In this study the “no-toxic-effect level (NOTEL)” is considered to be 440 mg/kg

bw/day.

5.2.2.3 Oral administration/maie and femaie dogs/52 weeks

RCC Study Code: 344856 (MPF/WT 9344 E) (Data on RCC fiie).
-.

Pure-bred beagie ‘dogs were administered doses of O, 200, 400 and 800 mg/kg

bwfday.

There were no unscheduled deaths.

Under the conditions of this study, the remarkable changes of body weight



depression, loose stool, elevated liver enzymes, equivocal red blood cell values

and urinary pH findings were considered to represent physiologic rather than

toxicologic findings in the absence of electrolyte imbalance and histopathologic

changes.
,,

Therefore, the no-toxic-effect-level ‘(NOTEL) was considered to be 2“800 mg SAMe

kglday.

5.2.2.4 Subcutaneous administration/male ‘ and-’” femaie dogs/26
.>

weeks

RBM Study Code: 870421 (Data on Knoll AG file). ~

In the dogs the test-substance was administered subcutaneously at doses of O, 50,;.. ,,
100 and 200 mg/kg bwt/day for 26 weeks. Also in this study, a dose-related local

reaction was seen with the same symptomatology as noted’in the rat.

The histological examination showed inflammation and fibrosis in the subcutis at

the injection sites. .

No mortality occurred.

No systemic substance-related toxicological findings””iwere- demonstrable in this
,,.

species.

5.3

5.3.1

5.3.1 ..1

.,-’,. .-.....,.. ,

. .,

-r.

Reproduct ion Toxicitv
,

Fertility and Reproduction
. .

Oral administration/male and female rats ‘

RCC Study Code: 345734 (MPFAIVT 9323 E) (Data on RCC file).

Male and female Sprague-Dawley rats (FO generation) are treated orally, by

gavage, twice daily (time interval 6 h) at doses of O, 440, 663 and 1000 mg/kg bwt,

correspond ng to total daily doses of O, 880, 1326 and 2000 mg/kg.
,,,

The males are dosed throughout the pre-mating and mating period until necropsy;

the females are dosed throughout the pre-mating, mating, gestation and lactation

periods. -!..:: . .
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One half of the mated females are sacrificed on day 21 p.c. and the foetuses

removed by Caesarean section and the other half of the mated females are

allowed to give birth to and rear their young - F1 generation.

Ade-SD4 given twice daily displayed no influence on the reproduction capacity of

treated FO parents and their untreated progeny, Ade-SD4 influenced food and

water consumption of the FO parents. Foetotoxic effects on the F1 foetuses were

obsetved at the intermediate and high dose. Pup toxicity (FI pups) occurred only at

the high dose. A latent toxic effect was observed in F1 parents of FOanimals treated

with 2000 mg/kg daily,

5.3.1.2 Subcutaneous administration/male and female rats

HRC Study Code: BOR 7/90234 (Data on HRC file).

Male and female rats were treated with O, 100, 200 and 400 mg/kg bwt/day

subcutaneously.

The treatment of males commenced 9 weeks prior to mating and was continued for

another 9 weeks after mating; for females the treatment started 2 weeks prior to

mating and-lasted up to 6 weeks after giving birth, incl. interim kill of females at Day

20 p.c.
! ,

During the first two treatment weeks, males of the FOgeneration in the intermediate

and high dose group showed only loss of body tone, prostration, body tremors and.,. . . .
rapid respiration. ,~o.similar observation was made in the females.. .,.

Other parameters modified by the treatment were: increase of water consumption in

all dose groups, severity and duration of this effect was sex-dependent; decreased

food consumption,, obseryed only in males, during weeks 1 and 9 of the treatment;. .
sex and time dependent retarded increase of body weight.

The macroscopic analysis showed changes around the injection site, in the form of

hemorrhages and thickening of the skin (dose-dependent, but also present in

controls), The same findings were also seen in the chronic toxicity study in rats.

They are most probably attributable to the puncturing of the skin, the applied

volume, the pH value and/or the concentration of the test article solution.



Furthermore, a dose-related coflical scarring of the kidneys was found in all treated

groups with slightly higher intensity in males.
.!

The kidney weight of males and females was significantly ‘increased at 200 and

400 mg/kg bwt, however, after the treatment with 100 mg/kg bwt, the kidney weight

was increased in males only. ,,,;,,,
i!

Concerning the litter of the FO-generation; a minor effect on implantation and litter

size at the highest dose (400 mg/kg bwt) was observed, however, it was not

considered to be of relevance.

No teratogenic effects were seen in their offspring. The total development of the FI -

generation was not influenced by the treatment of Ade-SD4. ‘,,, ..

5.3.2 Embryotoxicity

5.3.2.1 Oral administration/female

Knoll AG Study Code: MPF/Wl

,. .

rats -!. ;,,

9145 (Data on Knoll AG file).

The substance was administered orally by gavage at””’doSescof”O, 1~0, i 548 and

2500 mg/kg bwt/day, commenced on day 6 of pregnancy and continued up to and

including day 15 of pregnancy. Hysterectomy was performed, on day 20 p.c,

The general condition of the treated dams was not impdred~ Food ‘consumpti~n

and body weight gain of the dams from’ the low (120 “-mg~g’bwt) ‘and mid dose

group “(548 mg/kg bwt) did not show substance-related effects.
[ ,-,,G.,,

At the high dose (2500 mg/kg bwt) food consumption was statistically significantly

reduced from days 6-15 p.c, and body weight gain from’ days “9-11 p.ti.’ as well as

on days 14 and 15 p.c. (maternal-toxic effect).
,,, . -.

The absolute kidney weight of the dams from each drug-treated group was not

influenced, but the histopathological examination of this organ revealed minimal to

marked renal tubular alterations only at the mid and high dose group (548 and

2500 mg/kg bwt respectively), namely degeneration and regeneration, dilatation,

hyperplasia or interstitial fibrosis. ,:, .’
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*

A nephrotoxic effect on the foetuses was not ascertained.

No effect on embryonal or foetal development was seen in drug-treated groups.

Substance-related,’ microscopically visible organ alterations’ or skeletal anomalies

of the foetuses - teratogenic effects - were not observed in the treated groups.
..:,. ,.. .

5.3.2.2 Intravenous administration/female rats

HRC Study Code: BOR 9/891822 (Data on HRC file).

The substance was ,administered intravenously at doses of O, 100, 200 and

mg/kg bwt/day, commenced on Day 6 of pregnancy and continued up to

including Day 15 of pregnancy.

Clinical signs such as loss of body tone, prostration, dark eyes, Iacrimation

lethargy were observed only from the first to the third day of treatment.

400

and

and

Following the initiation of treatment there was a rapid transient increase in water

consumption in all ,treated groups; from Day 12 onwards the water consumption

rapidly declined and intake was essentially comparable with controls.

At the higher dosages a reduction of food intake was noted during the first 4 days of

treatment and thereafter it returned to control values.

The body weight showed the following trend: an initial dose-related retardation in

all treated animals.

A brief recovery was noted during the following days of treatment and at the end of

dosing period the body weight gains returned to control values.

The autopsies revealed no gross macroscopic changes attributable

treatment.

The only finding was a slight but significant increase in kidney weight

treated groups.

The analysis of litter parameters did not show significant differences

controls and treated groups.

to the

among

among

The tendency for treated. groups to have slightly lower IiHer sizes, comPared with

controls is attributed to variation in ovulation rate and pre-implantation losses.

Since these events occurred prior to initiation of treatment they are most probably

not due to a test article-related effect.



Slight differences were obsetved concerning embryofetal development such”as

litter weight (significantly lower at 200 and 400 mg/kg bwt), mean foetal weight

(significantly lower than incontrols, butnotdose-reIated) andlthe rate of skeletal,1: ...~~.. ..
ossification (i.e. incomplete ossification of post lumbar verteb[al centra). , ,

The effects were so minor, therefore they could not be attributed to the test article.

No teratogenic effects of Ade-SD4 were’ observed. ,,,,,, , .1., . ...?“
,,. ,

5.3.2.3 Oral administration/female rabbits -

Knoll AG Study Code:MPF/VVT9112 (Data on Knoll AG file).
>,.,- ,

The substance was administered ora!ly by gavage at doses of O, 100, 223.6 and

500 mg/kg bwt/day, started on day 6 and continued up to and including day 18 p.c.

The dams were hysterectomized on day 29 p,c. ,,

At the high dose of 500 mg/kg maternal toxicity was obvious in form of diarrhoea

and decreased body weight” gain.
,. :.

Morphologically no substance-related renal changes were observed at this dose.
,,. , ~.,,.,, ,.

At 223.6 and 500 mg/kg embryotoxicity, i.e. statistically significant higher resorption

rates compared with controls, were observed.
.

..

There were no foetotoxic and teratogenic effects.

5.3.2.4 Subcutaneous administration/femaie rabbits .

RBM Study Code: 870284 (Data on Knoll AG file) :...’ ~ -.

In the rabbit the substance was administered by subcutaneous” route at’’doses of O,

25,50 and 100 mgkg bwt from Day 6 to Day 18 of pregnancy.

No drug-related clinical signs were observed in any group.

At the two highest doses a decrease of body weight, compared to controls, was

observed. ‘,.

[n the group treated with the highest dosage (100 mg/kg bwt) three does aborted

and died. This could be related to a maternal toxic effect of the test article. These

three animals showed a body weight decrease in the days preceding the abortion.

Toxic effects such as an increase of post-implantation losses and of skeletal

anomalies (i.e. unossified 5th sternebra) were observed at the highest dosage
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only,

No malformed foetuses were obsetved even at the dosages toxic for the does.

5.3.3

5.3.3.1

Peri/Postnatal Toxicity

Oral administration/female rats

RCC Study Code: 344531 (MPFANT 9322 E) (Data on RCC file).

Sprague-Dawley mated female rats are treated orally, by gavage, from day 15 p.c.

until day 20 pp. (last administration) at daily doses of 2x440, 2x663 and 2x1000

mg/kg (time intewal 6 h).

The purpose of this study is to assess the effects of Ade-SD4 upon late foetal

development, Iabour, delivery, lactation, neonatal viability, growth and behaviour of

the pups.

No test article-related microscopical findings were noted in parent females treated

with Ade-SD4. Reproduction parameters (duration of gestation, mean number of

implantations, mean post implantation loss, litter data, e.g. litter size and

developmental indices, and number of females rearing the offspring to termination)

were unaffected by treatment. No abnormal findings were noted in any F1 pup of

any group at birth, during rearing or during necropsy.

5.3.3.2 Intravenous administration/femaie rats

HRC Study Code:BOR8-FU891155 (Data on HRC file).

This study was carried out in rats according to International Standard. The animals

were treated with O, 100, 200 and 400 mg/kg bwt/day by intravenous route,

commencing on Day 15 of pregnancy and continued daily up to sacrifice of the

dams on Day 22 pp. (a total of 30 days):

Regarding kind, time of onset and frequency, clinical signs were comparable to

those observed in the previous rat studies, and from the ninth treatment onwards

these postdosing reactions were not seen any longer.

As in the previous studies changes of the following parameters were observed:

initial increase of water consumption and delayed increase of body weight.



These effects were seen inall treated groups, but they were more evident at the

400 mg/kg bwt regarding the water consumption.

Kidney lesions were not seen and no other undesirable effects were observed in

the offspring.

Consequently, the “no observable effect level” for the offspring was determined to

be 400 mg/kg bvvt/day.

5.4 Mutaae nic to Xicitv

The mutagenic potential of Ade-SD4 has been studied both “in vitro” in presence

and, in: absence of metabolic activation using prokaryotes and mammalian cells

and “in vivo” using two rodent species (mouse and rat).

5.4.1 “In Vitro” Studies

5.4.1.1 Ames Test/Salmonella typhimurlum

RBM Study Code: 870244 (Data on Knoll AG file),

Mutagenicity test with Salmonella typhimurium strains TA 1535, TA 1537, TA 1538,

TA 98 and TA 100 was performed with 1, 10, 100, 1000 and 5000 Ug/plate of

Ade-SD4, in a duplicate experiment.

The test article did not induce a significant increase in the number of revertants

both in the absence and in the presence of metabolic ‘:activafion up to the

concentration of 5000 ~g/plate. .,, .

,.,

5.4.1.2 Chromosome aberrations/Human lymphocytes culture

Knoll AG Study Code: MPFAMT9131 (Data on Knoll AG file),

Chromosomal aberrations in human lymphocytes cultured “in vitro” were tested

with 160, 500, 1600, 2500 and 5000 pg/ml of Ade-W)4.”” - ‘“’
,.

.,
The test compound did not induce numerical aberrations in this test system.

However, Ade-SD4 induced a slight, significant increase in the rate of structural

chromosomal aberrations when given at concentrations where cytoto’xicity begins
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(5000 ~g/ml with and 2500 yg/ml without metabolic activation).

Thus “in vitro” a claslogenic effed of the,test compound when given at extremely

high concentrations cannot be tiled out.

5.4.1.3 Unscheduled DNA synthesis/HeLa cells culture

R,BM Study Code: 89A625 (Data on Knoll AG file).

Unscheduled DNA synthesis in cultured HeLa Cells ‘in vitro” was tested with 10,

100, 1000 and 5000 ~g/ml of Acfe-SD4, in a duplicate experiment.

The results of the study showed,that the test article up to the dosage of 5000 ~g/ml,

both in the presence and in the. absence of metabolic activation, did not induce

statistical y significant increases in incorporation of tritiated thymidine in presence

of hydroxyurea in cultured HeLa cells.

5.4.1.4 HPRT-Test

RBM Study Code: 89B625 (Data on Knoll AG file).

Gene mutation in V79 Chinese hamster cells was tested with 1, 10, 100 and 1000

yg/ml and with 10, 30, 100, 1000 and 5000 pg/ml of Ade-SD4 in a duplicate

experiment.

The results of this assay indicated absence of mutagenic activity of the test article in

V79 cells, up to the dosage level of 5000 pg/ml, both in the absence and in the.,

presence of hepatic microsomal enzymes.

5.4.2 “In Vivo” Studies ,

5.4.2.1 Micronucleus test/orai administration/mouse bone marrow

Knoll AG Study Code: MPF/WT9130 (Data on Knoll AG file).

In the micronucleus test on bone marrow of NMRI mice the induction of structural

and numeric chromosomal aberrations were investigated. ‘

Doses of O, 400, 900 and 2000 mg/kg of the test article were applied orally



including two positive controls (cyclophosphamide and vincristine).

Under the test conditions given the test article did not induce micronuclei as well as

numeric chromosomal aberrations.

There is no clastogenic potential of the test article..

5.4.2.2 Micronucleus Test/intramuscular administration/rat bone

marrow

RBM Study Code: 89D625 (Data on Knoll AG file). , ., ,

The micronucleus induction in bone marrow cells of rats treated intramuscularly
.,.

with 6.00 mg/kg of Ade-SD4 was performed using Mitorny~n C as the positive
;’;,:.~,

control.
,,? ,/ ,-

The results of this study indicated that the test afiicle did not induce any statistically

significant increase in the frequency of micronucleated cells in the bone marrow

after 18, 42 and 66 hours from the administration.
~,.~-, .-

The results of the positive controls proved the sensitivity of the employed system.

5.4.3 Concision

The results of all five test systems indicate no relevant genotoxic risk,

5.5 Ga rcinoaen icitv Stud eqI . .

The subject of these studies is the investigation of the tumorigenic potential of Ade-

SD4. As usual both the rodent species, mouse and rat were employed.

5.5.1 Oral administration/maie and female mice/78 weeks

RCC Study code: 280686 (MPFAWT 91,16 E) (Data’on RCC file)

The test compound was administered to mice by g.avage over a period of 78 week%

at doses of O, 500, 1000 and 2000 mg/kg bwtlday. ,,,,
There were two control groups and three treatment groups of 50 males/50 females

each. ..
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Concerning mortality, survival was only adversely affected in males at 2000 mg/kg

bwVday. Whereas in the male control group 8% of the animals died spontaneously

and further 8°/0 were killed in extremis the respective percentage in males at 2000

mg/kg were 14?40and 16Y0. There were no changes neither of clinical signs, food

intake, hematology” nor organ weights. At 2000 mg/kg only a slight decrease in

mean body weight was noted for males.
.,

Kidney lesions consisting of dilatation of cortical tubules, tubular vacuolisation as

well as cortical tubular necrosis in some animals were observed at 1000 and 2000

mg/kg. These changes may be attributed to an increased excretory load on the

nephron. In the liver, the hepatocellular hypertrophy seen in all treated groups is

considered to be an adaptive response to the increased demand on the functional

capability of this organ.

Regarding incidence and type of tumours there was no difference between control

and treated animals. The daily administration of the,..
oncogenic effect.

,.

5.5.2 Oral administration/maie and female

test article did not reveal an

rats/1 04 weeks - study I

RCC Study code: 280708 (MPF/WT9115 E) (Data on RCC file)

The test substance was administered to Sprague-Dawley rats by 9ava9e over a

period of 104 weeks at doses of O, 400, 750 and 1400 mg/kg bwVday (from day 51

onwards the doses..were reduced to 200, 440 and 1000 mg/kg bwt/day).

The groups (including two control groups) consisted of 50 males and 50 females

each. At the end of treatment survival rats were in the same range for treated

groups (20-33%). and controls (26-36Yo) for both sexes. There were no relevant

changes neither of clinical signs, food consumption, body weight and hematology

(with the exception of marked decrease of body weight and soft/fluid stool in males

at the highest dose tested).

Histopathologically an increased incidence and/or severity of tubular alterations

(vacuolisation, dilatation, necrosis and. regeneration) was obsetved in the kidneys

at all dose levels. The renal changes which predominantly occurred in intercurrent



deaths maybe explained by inadvertent pulmonary exposur~ and/oran increase

excretory load imposed onthekidneys, theeffects of which being largely reversible

even if treatment is continued.

Furthermore, the effect on the gastrointestinal tract (sofVfluid stool) obsetved

clinically at the high dose as well as liquid contents in. the cecum of males at

necropsy at the mid and high dose may be attributed to an osmotic imbalance due

to the hypertonic dosing solutions.

Neoplastic findings diagnosed in the treated rats are considered to be incidental

and not to differ from those of the control animals. Therefore the daily administration

of doses up to 1400/1000 mg/kg bwt/day to rats by gavage for a period of two years

did not result in

5.5.3 Oral

RCC

oncogenic effects.

administration/male and female rats/ld4 weeks’ - ‘study II

Study code: 311567 (MPF/WT9176 E) (Data on RCC file)

The test substance was administered by gavage to Sprague-Dawley rats over a

period of 104 weeks at daily doses of O, 50, 100 and 200 mg/kg bwVday.

An additional group was treated with 187 mg SD4/kg bwt/day to guarantee an

exposure to SD4 identical to that of treatment with the top dose of Ade-SD4. The

study comprised six groups (including 2 control groups) of 55 males and females

each. Concerning mortality, sutvival was’ not affected by treatment. There were no

relevant changes for clinical signs, food consumption, body’ weight, “hematology,

organ. weights and microscopical findings. .

Histopathologically, minor degrees of renal tubular vacuolation in the kidneys, seen

in all groups with Ade or SD4 treatment, was the” only treatment related alteration

observed. This finding may represent a transitory osmotic effe~-of the salt.

Regarding to the incidence and type of neoplastic findings there was no evidence

of any oncogenic effect of Ade-SD4 and SD4 in the rat for the doses tested.

.’. “;
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6. CLINICAL PHARMACOLOGY

6.1 Clinicai Pha rmac okinetica

6.1.1 Absorption

Orally administered ademetionine, given as SD4 salt, is absorbed from the

gastrointestinal tract and a mean peak piasma concentration (Cmax) of 0.7 mg/i

was found in healthy volunteers after a single administration of 400 mg of the drug

as an enterio-ooated tabiet.

Peak piasma concentrations occurred at 2-6 hours after the administration, possibly

because of the transit time of the gastroresistant tabiet through the stomach.

The orai bioavailabiiity of Ade-SD4 resulted to be about 5% (Data on Knoii

Farmaceutici fiie; Report no. PK-03-91 ), probabiy due to an extensive presystemic

“metabolism, as previously shown in animals (Stramentinoli et ai. 1979a).

The occurrence of such an elevated metabolism was confirmed by’ studies in

humans receiving orally 200 mg of [methyl -14C]ademetionine. in this study, 24% of

the applied radioactivity WaS eliminated with the fa=es anti 16~0 was excreted ~n

the urine. Thus, 60°A of the applied radioactivity Was incorporated into stable poois,

in accordance with the findings obtained in animais (Stramentinoii et ai. 1987b).
. . .

After intramuscular administration, an aimost oompiete (95Yo) bioavaiiabiiity of the

drug was obtained (Data on Knoli Farmaceutici file; Report no. ENG-88).

6.1.2 Distribution

Protein binding of Ade-tosyiate in human serum is negligible.

The administration of Ade-tosylate induced significant increases in the

oerebrospinal fluid (CSF) concentration both by intravenous and oral route

(Bottiglieri et al. 1990).

6.1.3 Piasma kinetics

Plasma kinetics was studied after single intravenous bolus administration of 400

mg Ade-SD4 to healthy volunteers.

A biexponential decay of piasma concentrations was observed with terminai half-

iife of 91*7 min (mean A S.0. n=l 8). Apparent volume of distribution, estimated on
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the basis of an open two-compartment model was 21*31.

Plasma half-life did not change after a repeated administration of the substance, 800 mg/day by

intravenous 2-hour infhsion for three days (88+7 rein, n=l 2 at day 1 and 3, respectively) (Data

on Knoll Farrnaceutici file; Report no. A-001-91).

6.1.4 Metabolism and excretion

Metabolic studies performed in animals with Iabelled ademetionine as tosylate salt showed that

administered ademetionine can share the metabolic pathways of the endogenous compoun~ and

leads to the formation of trans-methylation metabolizes, like creatine and phospholipids as well

as transsulfimtionderived compounds like sulfates.
;, . .

After in@avenous bolus administration of 400 mg Ade-SD4 to

excretion accounted for 65+10°/0 (n=8) of the applied dose (Data

. . Report no. ENG-8.8). ‘ “ . . .
,,

6.1,5 Kinetics in patients
. .

healthy volunteers, urinary

on Knoll Farmaceutici file;

Preliminary studies performed in patients with chronic liver disease (n=l 1) and in controls with

normal hepatic fi.mctions (n=9) (Kaye et al. 1990) receiving 400 mg of Ade-tosylate by ‘‘

intravenous route, showed only slight effects of the disease on the kinetics of the exogenously

applied ademetionine: plasma half-life increased from 96 min in controls to 114 min in patients,

and clearances in the two groups were 1.9 and 1.4 ml/min/kg, respectively.

6.2 Safety studies in humans

A cross-over placebo-controlled study was performed in 12 healthy volunteers in order to

evaluate safety and tolerability of Ade-SD4. The substance was given for three days at a daily

dose of 800 mg by 2-hour intravenous infisions (500 ml). The substance was well tolerated and

no substance-related side effects were seen either clinically or in the biochemical parameters, as

well as on urinary enzymes and proteins WAG (N-acetyl-~D-glucosminidase), al

microglobulin, lgG, albumin] and creatininehrea clearances, taken as nephrotoxicity markers

(Data on Knoll Farmaceutici file; Report no. A-001-91).
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6.3 Clinical trials ..

6.3.1 Jnt ahepatic chor Iestasis: Introdu Ction

The efficacy of ademetionine in the treatment of patients with intrahepatic

cholestasis complicating mainly chronic liver diseases of different etiology or

occurring during pregnancy has been studied in several trials (Table V).

Due to the scant availability of alternative effective and safe therapies, the

comparative trials were performed almost exclusively with placebo.

The parameters of efficacy considered in these studies include both subjective

symptoms (i.e. pruritus, fatigue, and generaI discomfort) and biochemical serum

markers of cholestasis and cytolysis [i.e. total and conjugated bilirubin, alkaline

phosphatase, y-glutamyltranspeptidase (vGT), total bile salts, and

aminotransferases]. In particular, serum bilirubin was regarded as the primary

efficacy parameter since it is commonly accepted as adequate endpoint to assess

efficacy of anticholestatic drugs. Serum bilirubin is, indeed, a prognostic indicator of

the outcome of the

alkaline phosphatase

1993).

underlying liver disease, whereas other markers

and transaminase, have no prognostic significance

such as

(Reichen

Subjective symptoms were evaluated by descriptive severity scores or visual

analogue scales.

6.3.2 Jntrahepatic cho Iestasis: studies with parenteral

Administration

6.3.2.1 Dose ranging trials

In a single-blind placebo-controlled trial, 18 women with intrahepatic cholestasis of

pregnancy (ICP) were randomly allocated to three groups of treatment (Frezza et al.

1984), Six patients received Ade-tosylate at the daily dosage of 200 mg dissolved

in 500 ml saline intravenously “for 20 days; 6 patients received 800 mg/day Ade-

tosylate according to the same treatment schedule; 6 patients were given 500 ml

saline alone and served as controls.-. ,,,r, ,.., ,,.

The group treated with the highest dose of Ade-tosylate showed a significant

(p<O.01) improvement of serum conjugated bilirubin, serum total bile salts,



Table V Summary of the main quoted trials with Ade-tosylate and Ade-SD4 in the treatment of patients with intrahepatic cholestasis of pregnancy or complicating CLD.

Reference Diagnosis Study No. of Dailydosage (mg) Duration of AST, ALT ~GT Total arrd/or Alkaline Total bile Other Indirx
design pts route of administration the study conjugated bilirubln phosphatase acids

Dose rangingtrials with i,v. Ad&tosylate

Frezzaet aL Cholestasis of r, sb, w 6 Ade-tosylate 200iv.
(1984) pregnancy 6 Ade-tosylate 800 iv.

6 Placebo

Placebo-amfrolledtrials with i.v. Ade-tosylate

20 days NS
+
*

NE
NE

NE
NE

$s

R

:s

NE

NE

+

4

II
NE
NE
NE

NS
.

f&i

NE
NE

NE
NE

NS
NS

NS
Ns “

Ns
NS

i
-,

NE,

NE

NS,

+

NS pruritus
$ pruritus

NS PWiiU~

NS pruritus
$ pruriius +
scratching

NS pruritus
* pruriius +
scratching

$ pruritus
* pruritus

NS pruritus
NS pruritus

● pruriius
NS pruritus

Giannuoli
et al. (1986)$

Cacciatore at
al. (1989) $

Frezzael aL
(1990a)

ilbalta et
al. (1991)

Manziffoet al.
(1992)

CLD with
pruritus

CLD with
pruritus

Cholestasis of
pregnancy

Cholestasis of
pregnancy

Inttahepatic
cholestasis of

CLD .

s 20 Placebo
Ade-tosylate 800 iv.

1week
2 weeks

1 week
2 weeks

18 days
(mean)

20 days

2 weeks

.

. .

10 days

2 weeks

2 weeks

14 weeks

K

NE
NE

NE
NE

NE
NE

k

NE
NE

NE
NE

;:

*
t

NS
NS

NE
NE

18 Placebo
Ade-tosylate 800 iv.

s

r, sb, pg

r, db, pg

r, db, pg

15 Ade-tosylate 800 iv.
15 Placebo N*S

9 Ade-tosylate 800 iv.
9 Placebo. .

NS
NS

Il. ~129’ Ade-tosylate 800 iv:
127 Placebo

.-
N*S

;>
: with i.v.“Ade-tosy/ateUncontrolledh

Caroetal
(1987) ~

Jorge et af.
(1987) $

Bonfirraro
et al. (1980)

CaWno et aL
(1992)

,.
7

NE

NE

NE

NE

,. -:
,.

. .,.. -.
Primary“Mary

cirrhmsis

Cholestasia
(various)

Cholestasisof
pregnancy

Cholestasisof
Pregnancy

.......
Ade-tosylate 800 iv.

i

nc 19

nc 33

nc 9

nc 55

NE

NE

NS

4-

NE $ pruritus

4 pruritus

4 pruriius

4 pruriis

Ade-tosylate200-
1200iv.

Ade-tosylate 800 Lv.

Ade-tosylate 800 iv.

I
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transminases, and pruritus. These beneficial effects were recorded already after 10 days of

therapy but disappeared soon after treatment withdrawal. On the contrary, a general worsening

of all the parameters was recorded in the placebo group during the treatment period, whereas the

group receiving the lowest dose of Ade-tosylate experienced neither improvement or worsening

of both pruritus and liver biochemistry.

On the basis of these findings, the daily dose of 800 mg by intravenous route was regarded as the

effective dosage and selected for the following iv. trials.

6.3.2.2 Comparative trials

‘PLACEBO-CO_OLLED TRIALS

-E@@en and twenty patients with chronic hepatitis or cirrhosis complaining about persistent

pruritus (l-84 months) resistant to conventional symptomatic treatment were enrolled in two
-----

single-blind placebo-controlled trials (sequential design), respectively (Cawiatore et al. 1989;

Giannuoli et al. 1986), In both studies; Adetosylate therapy (800 mglday iv.) induced a

significant (P<O’.O1) improvement of pruritus and scratching lesions after 2 weeks of treatment.

The beneficial effect was recorded as early as the first week of therapy. On the other hand,

itching did not improve during the 3 week-washout- period with”placebo preceding Ade-tosylate ~

treatment. ..

These findings were confhned by a large double-blind placebo-controlled trial carried out in 420

patients of both sexes with liver disease at different stages (52% cirrhosis, 24% chronic hepatitis,

16% acute hepatitis, 1l% substance-induced cholestasis) and of different etiology (viral,

alcoholic, cryptogenic, substance induced) (Manzillo et al. 1992).

The patients were randomly assigned to treatment with Ade-tosylate (800 mg/day iv.) or

indistinguishable placebo for 2 weeks. The treatment groups were comparable for demographic

characteristics and basal biochemical and clinical parameters. The patients did not receive any

other symptomatic treatment for pruritus or cholestasis during the study period.

*,..

Three hundred and eight one patients completed the 2 week-trial: of these 343 (180 treated with

Ade-tosylate and 163 with placebo) were suitable for statistical analysis.

The analysis of variance showed a significant treatment to time to disease (acute

-72-
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hepatitis/chronic liver disease) interaction for all the considered parameters,

indicating that the response to the treatment was differently affected by the

underlying liver disease. Accordingly, a separate analysis was carried out for

patients with acute hepatitis (total number 87; 51 treated with Ade-tosylate, and 36

with placebo) and with chronic liver disease (total number 256; 129 in the

Ade-tosylate group and 127 in the placebo one). The results obsetved in patients

with acute hepatitis are reported” in the section 6.3.5.5.

With regard to the patients with chronic liver disease, a significant treatment to time

interaction was obsefved for serum total and conjugated bilirubin,

aminotransferases (ALT, AST) and ~GT indicating that Ade-tosylate is more

effective than placebo in improving these biochemical parameters (Table W).

Table VI Serum liver biochemistry (mean and A%) before (B) and after (A) a 2
week intravenous treatment with Ade-tosylate (800 @day) and placebo in
patientswithintrahepaticcholestasisof.chronicliverdisease

STB (j.unol/1)**
SCB @noi/1)**
SAP (@affl)
TGT (pkat/1)*

AD E-TOSYLATE
B A A%

44.3 24.3 -45yo
17.0 8.9 -48?4.
4.82 3.86 -20%
1.90 1.18 -38%
1.38 0.94 -32Y0
1.24 0.79 .-369’0

PLACEBO
B A A%

36.3 27.4 -24?40
16.3 11.4 -30?40
4.93 3.97 -19?40
1.83 1,31 -2870
1.33 1.04 -22Y0
1.21 1.01 -16?Jf0

● = PcO.05 W@mnt-ti-tirne interaction in the Ade-tosylate group; “ = p<O.01 treatment-to-time
interaction in the Ade-tosylate group; A% = percent decrease as compared to baseline
STB = serum total bilirubin; SCB = serumconjugatedbilirubin;SAP = serum alkaline phosphatase;
YGT = y-glutamyltranspeptidase; AST = aspartate aminotransferase; ALT = alanine aminotransferase.
Normal values: STB <17 l.unol/f;SCBs 4 pmol/l; S.AP c 2.0 pkat/l;YGT <0.5 Mat/l; AST<0.58 pkaVl;
ALT <0.58 fkat/1.

On the other hand, serum alkaline phosphatase levels did not change significantly

in either group. At baseline, 63 patients in the Ade-tosylate group and 42 receiving

placebo complained of pruritus. At the end of

completely relieved in 54 patients treated with

placebo group (pcO.001 ).

the treatment period, pruritus was

Ade-tosylate and in only 16 in the

Patients with chronic liver disease who responded to intravenous Ade-tosyiate

therapy in terms of normalization of or at least a 50’% decrease in serum bilirubin or

alkaline phosphatase levels, we}e randomized to receive oral treatment with Ade-

tosylate or placebo up to 2 months. The results of this follow-up are discussed in the

section 6.3.3,2.

The efficacy of ademetionine treatment in intrahepatic cholestasis of pregnancy



was assessed in two placebo-controlled studies (Frezza et al. 1984, 1990a).

The first study (Frezza et al. 1984) has been discussed in the section 6.3.2.1. “Dose

ranging trials” relative to’parenteral treatment. ..,.

In a more recent study by Frezza et al. (1990a), 30 women with intrahepatic

cholestasis of pregnancy in the last trimester of pregnancy were randomly assigned

to receive Ade-tosylate (800 mg/day iv.) or placebo until delivery for a mean period

of 18 days.

After Ade-tosylate therapy, the patients exhibited significantly (p<O.01) lower serum

levels of conjugated bilirubin, total bile salts, and aminotransferases as compared

with baseline as well as with placebo group. Furthermore,’ Ade-tosylate therapy

significantly (p<O.01) reduced pruritus whereas placebo was ineffective. The follow-

UP of these cases showed a lower incidence of premature Iabour in the Ade-

tosyl’~te group (2/15) than in patients receiving placebo (5/15).

In contrast to these findings, a placebo-controlled trial failed to demonstrate any

significant beneficial effect of intravenous Ade-tosylate 800 mg/day on liver

biochemistry and pruritus in 9 Chilean women with relatively severe intrahepatic

cholestasis of pregnancy (Ribalta et al. 1991). The lack of efficacy in this study

might be partly attributed to differences in the clinical features and in the ethnic

origin of the two populations (pure Ca~casian. in the studies by Frezza et al.,

Caucasoid in the study by Ribalta et al.) as well as to the delay elapsed between

the onset of pruritus and the initiation of the treatment in the Chilean patients.

6.3.2.3 Uncontrolled trials

The results of the controlled trials are suppoded by two open studies carried out

respectively in 19 patients with primary biliary cirrhosis and 33 patients with

intrahepatic cholestasis complicating acute or chronic hepatitis or cirrhosis (Caro et

al. 1987; Jorge et al. 1987), and by two open studies carried out in 9 and 55 women

respectively, with intrahepatic cholestasis of pregnancy (Bonfirraro et al. 1990;

Catalino et al. 1992).

The main target of the first two trials was the relief of pruritus. The patients received

Ade-tosylate iv. at the daily dosage of 800 mg (Caro et al. 1987) or 200 to 1200 mg

according to an escalating schedule (Jorge “et al. 1987). Considering the two

studies together, prufitus was completely relieved in 30 out of 52 cases (58Yo) and

significantly improved in the remaining 22 patients (420A) as early as the first 2-5

# ‘-74 -
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days of therapy.

The two open trials in intrahepatic cholestasis of pregnancy contributed a total

number of 64 cases treated with Ade-tosylate 800 mg/day i,v. (Bonfirraro et al.

1990; Catalino et al. 1992). The treatment started as early as cholestasis was

diagnosed (onset of pruritus and abnormal liver biochemistry) and lasted up to

delivery (1-4 weeks). A significant (pcO.01) improvement of total bile salts and

aminotransferases was recorded after treatment in both studies. In these series,

most of the patients showed normal serum levels of bilirubin at baseline possibly

because of the early diagnosis of the disease. When the cases with abnormal basal

bilirubin levels were evaluated separately, it was observed that Ade-tosylate

treatment significantly reduced this ‘parameter as compared with baseline.

Furthermore, all the patients experienced a significant (pcO.01) amelioration of

pruritus that was totally relieved in 45 out of 64 cases (70%) and significantly

improved in the remaining 19 patients (30Yo) at the end of the treatment.

6.3.2.4 Trials with Ade-SD4

Sixty patients with virai, alcohoiic, or cryptogenic cirrhosis and intrahepatic

choiestasis were randomly aiiocated to 3 groups of treatment in a singie-biind

piacebo-controlled triai (Mascio et al. 1991). Upon entry, 43 patients suffered from

pruritus.

Ade-SD4 was administered for 15 days at the daiiy dosage of 800 mg

intramuscularly (i.m.) in 20 patients (group i) and by intravenous infusion (iv.) in

additional 20 patients (group ii). A third group of 20 patients received 800 mg of

indistinguishable piacebo i.m. for 15 days.

The short-term treatment with’ either i.m. or iv. Ade-SD4 proved significantly

(p<O.01) more effective than placebo in improving liver biochemistry (i.e. serum

total and conjugated biiirubin, alkaline phosphatase, TGT and aminotransferases)

as weil as in alleviating pruritus.

Short-term (1O days) treatment with intravenous Ade-SD4 at the daily dosage of

1200 mg resulted in a significant improvement in the hepatic handling of organic

anions, as assessed by a reduction in Rifamycin-SV-induced hyperbilirubinaemia

and the plasma elimination half-life of Rifamycin-SV in cirrhotic patients (Persico et

ai. 1990b).

This study wiil be further discussed in the section 6.3.5.1.



6.3.3 [ntraheDatic choiestasis: stu dies with orai ad ministration

“ ,,

6.3.3.1 Dose ranging triais

The efficacy of different doses of Ade-tosylate administered by orai route, was

tested in an open study carried out in 17 women’ with intrahepatic choiestasis of

pregnancy (Lafuenti et al. 1988).

The patients were allocated to receive 600 mg (7 pts) or 1800 mg (1O pts) daiiy of

Ade-tosylate for 15 days.

The lowest dose proved effective in significantly (peO.01 ) reducing serum

conjugated bilirubin and pruritus, whereas a trend towards improvement was

recorded for serum totai bile salts and aminotransferases. Serum totai biie salts and

aminotransferases were significantly

dose..

6.3.3.2 Comparative triais

PLACEBO-CONTROLLED TRIALS

Sixty eight out of 78 patients with

normalization or at ieast a 50°/0

reduced in the group

chronic liver disease

decrease’ in serum

receiving the highest

who experienced a

biiirubin or aikaline

phosphatase after a 2-week-treatment with iv. Ade-tosylate, were randomized to

receive oral Ade-tosylate (34’”patients) (1600 mg/day) or indistinguishabie piacebo

(34 patients) for 2 months (Manzilio et al. 1992).

The groups did not significantly differ at baseiine (i.e. at the end of the iv.

treatment). After 2 months of orai treatment, a further improvement of serum total

and conjugated biiirubin and alkaiine phosphatase or their preservation into the

normal range were found in patients treated with Ade-tosyiate (significant

treatment-to-time interaction; PcO.001). On the other hand, patients who received

placebo, showed a significant (pcO.01 ) worsening of. these biochemical

parameters. This suggests that the continuation of the treatment with orai Ade-

tosylate not only maintains the effects obtained by an acute parenteral course but it

can also further improve them. Therefore, a treatment longer than 2 weeks may be

necessary in some patients to achieve a “full” anticholestatic effect.

in a double-blind piacebo-controlled triai, 220” inpatients’ (26%

hepatitis, 68% cirrhosis, 6% primary biiiary cirrhosis) with stabie (1

at ieast two

phosphatase

chronic active

month or more)

fold increase in serum total and conjugated bilirubin and aikaiine

were randomly allocated to oral Ade-tosylate (1600 mg/day in two

-76-
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administrations) or indistinguishable placebo (Frezza et al. 1990b). The patients

received the treatment for two weeks.

Serum markers of cholestasis (total and conjugated bilirubin, alkaline

phosphatase) and of cytolysis (alanine aminotransferase) significantly (p<O.01)

decreased after Ade-tosylate treatment as compared with placebo post-treatment

values (Table Vii).

Furthermore, Ade-tosylate

symptoms (pruritus, fatigue,

(Table Vlll).

therapy significantly (pcO.01 ) improved clinical

general discomfort) whereas placebo was ineffective

When the effects of Ade-tosylate administration were analysed separately in

patients with chronic active hepatitis and in those with cirrhosis, similar

improvements in liver biochernistty and in clinical symptoms were found.

A rebound of both the biochemical parameters and the clinical symptoms to pre-

treatment values was recorded “30 days after active treatment withdrawal,

ADEMETIONINE Vs OTHER ACTIVETREATMENTS

In a 3-phase-cross-over trial, 12 women with a diagnosis of primary biliary cirrhosis

(stage III-IV) were enrolled and randomized in a sequential design to receive oral

Ade-tosylate (2.4 g/day), Rifampicin (0.3”g/day), and ursodeoxycholic acid (UDCA)

(0.8-1,2 g/day) for 2 months alternated with 1 month of washout with placebo (Bray

et al. 1991a). ..

Eight patients completed the 8-month trial. The comparison of serum total bilirubin

levels at the end of each treatment showed significantly (pcO.05) lower values after

Ade-tosylate therapy as compared with the other 2 treatments.

UDCA was significantly more effective than Ade-tosylate and Rifampicin with regard

to y-GT. Ade-tosylate significantly reduced serum total protein as compared with

UDCA and Rifampicin without affecting albumin levels.

All the treatments were equally effective in alleviating pruritus.



Table VII Comparkon of biochem”~ values (mean and A %) betwean treatment groups during the trial

STB(p.r-nOlll)

SCB (pmoM)

SAP @kat/1)

yGT (ykaul)

AST (@@t/l)

ALT @kat/1)

. .. .. .

Baseline

Ade-tosylate Placebo

76.7 77.2

38.6 37.1

4.5 4.7

2.5 2.2

2.4 2.1

3.3 2.8

1st week of treatment

Ade-tosylate A ‘Y. Placebo A %

51.3 “ 33$40 66.3 11 v.

29.4 24 % 35.9 3 %

3.7 “ 18V0 4.6 2 %

1.9 24 % 1.9 14 %

1.8 25 % 1.8 14 %

2.3 30 % 2.4 14 %

2nd week of treatment

Ade-tosylate A ‘?’. Placebo A %

37.6 ““ 51 % 57.9 25 %

22.5 “ 42 % 32.4 13 70

3.2 ●* 29 % 4.4 4 %

1.5 40 % 1.7 23 7.

1.0 58 % 1.7 19 Ye

1.5 ● 55 % 2.2 21 70

Ada-tosylate = 110 patient% placebo = 110 patients A % = percent decrease as compared to baseline.
STB. serum total bilirubirr;SCB - serum conjugated bilkubin; SAP - semfn alkafine phosphatase; Y-GT= ~Wwnyltranspeptidase;
AST. aspartate aminotransferasw ALT. alanine aminotransferase.

●=p<o.05; *”= p c 0.01 vs. corresponding placebo value.
. .

Normalvalues: STBs 17 prnoM;SCBs 4 PWM; SAP <2.0 @affl; Y-GT <0.5 @~; AST <0.58 pkati; ALT <0.58 PM/L
.,

Table WI

.,

Comparison of subjective symptoms (mean and A %) between treatm~t groups during the trial
,-

Pruriis (cm)

Fatgue (cm)

General d=mfort

@core O-4)

Basefine 1st week of treatment

Ade-tosylate Placebo Ade-tosYlate A % Placebo A 7.

5.3 5.3 3.5 ● 34 % 4.8 9 %

5.5 5.3 3.5 ● 36% 5.0 6%

1.8 1.9 1.0 ● 44 % 1.8 5 70

● = p c 0.01 vs rxwrespondingplacebo vatue

2nd week of treatment

Ade-tosylate A‘% Placebo A %
2.7 “ 49 % 4.1 23 %

2.6 ‘ 53 % 4.8 9%

0.4 ● 78 % 1.4 26 %

A9“. percent decrease as compared to baseline
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6.3.4 Alcohol related liver disorders

lnastudyof6 healthy volunteers given asequence of injections at 3day intervals

of absoiute ethanol (0.5 g/kg) or ethanoi plus Ade-tosyiate (15 mg/kg) with

additional pretreatment with Ade-tosylate on the day prior to the challenge, both

ethanol and acetaldehyde plasma concentrations were significantly iower when

Ade-tosylate was administered (Di Padova et al. 1984b). This observation was

attributed to accelerated synthesis” of membrane phosphoiipids and thiol

compounds capable of combining with ethanoi and acetaldehyde, rather than the

interference with the main route of alcohol metabolism (Tabie IX).

A treatment with Ade-tosylate at the daily dose of 1,200 mg p.o.”for 1 to 6 months

showed to improve methionine clearance and to increase cysteine, taurine and

glutathione in plasma, erythrocytes and liver of patients with alcoholic pre-cirrhotic

or cirrhotic liver diseases (Corrales et al. 1992; Loguercio et ai. 1994; Marchesini et

al. 1992a, 1992b; Vendemiale et al.. 1989b). For further details see sections

6.3.5.1.3. and 6.3.5.2.

.,

As ademetionine enhances the liver detoxification processes via the

transsuifuration pathway, its possible use in reducing ethanoi abuse in the

outpatient treatment of alcoholic patients was studied by Cibin et al. (1988).

Sixty four alcoholics without evidence of liver cirrhosis were treated with Ade-

tosylate (200 mg daily intramuscularly) or placebo for 30 days in a doubie-blind,

randomized, paraliei groups study. Ade-tosylate therapy reduced serum -T and

transaminases, improved ciinical symptoms such as fatigue, anorexia, insomnia,

anxiety and depression (p<O.05) and signific~ntiy reduced biood alcohoi ievels

(p<O.01) as compared to piacebo.

Moreover, only 1 patient dropped out of the active treatment group mmpared with 8

taking placebo (p<O.05). These findings are encouraging and deserve further study.

One hundred thirteen patients with alcoholic-related liver disorders were

randomized in a prospective comparative trial to receive Ade-tosylate 1200 mg/day

or UDCA 600 mg/day or a combination of the two drugs at the same dosages orally.
for 12 months (Trespi et al. 1995). Patients had to have histologically proven

diagnosis of non-cirrhotic alcoholic liver disease and to be actual drinkers (2 50

g/day). Thirtynine patients dropped out during the study because withdrew drinking



Table IX Summary of the main quot~ cfin~l SIJ&S wkh Ads-tosylata in the treatment of alcoholic Iiier disorders

;:.

*
DurationDally

dose
Routo

OutcomeReference I Design I Population I No. of

II Icasea

Di Padovaet al. OP Healthy 6
1984 challenge subjects

Comalea et al. 1992 D~Rvs P Stcohdlc Ckrhods 10w8

Vendemiale et al. OP, Rva P akcoholic tiOdS 9va8
1989

Oabaileria & Mcxeno OP alcoholic staatoais 30
1990

15 rngll(g
b.w. i.V.

3 daya lplaamaaW+
acetaldehyde

1,2 g p.o. 80daya t methlonhe clearance

1.2 g p.o. 8 rno.

100 rng i.m.

1,2 g p.o.

2m. J hepatic steatoais + ALT

Marchesinl et al. OP, RVSP alcoholic drthoala 8VS8
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or because not compliant. Seventy-four patients ~mpleted the 12 months follow up and

entered the final analysis. Patients treated with Ade-tosylate showed a significam

improvement of ALT, GGT, and serum total bile acids levels tier 8 and 12 months of

treatments as compared to baseline. The hepatic g~actose clearance was also measured

and progressively improved from the fourth monk of treatment tith Ade-to@late.

Patients who received UDCA alone only show~ an kprovement of GGT and SAP.

Interestingly, the combination of the two substances led to a synergistic ef%ct with

improvement of all the aforementioned parameter as well m increase in serum

Apolipoprotein Al, a marker of progression of Ever fibrosis in alcohol drinkers

(Mathurin et al. 1996; Poynard et al. 1986, 1991), which was not ti~ted by the single

treatments. All the three regimens were well toleratd and no ~towards effkcts were ..**

recorded.

. The effwt of Ade-tmylate treatment of fatty liver lesions in alcoholic patients has also”

been obse~ed (Caballeria & Moreno 1990). For fhrther details see section 6.3.5.6.
. .

. .

In order to identi~ the factors influencing the response to Ademetionine treatment for .
.

cholestasis, a systematic overview using individual patient data from recent cliical

studies was conducted and muhivariate logistic regression analysis was used @i Padova -

et al. 1996). A total of 1,652 patients with cholestatic chronic liver disease of different

stages and etiologies undemvent this analysis. The results of this investigation not only

amfirmed a significant better effkct of Ade-tosylate than placebo on biochemical markers

of chokstasis, but also identified the subgroup of patients with alcoholic liver disease as

that which better benefits from the active treatment.

6*3*5 Suppofive tfl
. “aIs’

6.3.5.1 Clinical pharmacology studies in challenge models

The two main putative activities of ademetionine as anticholestatic agen~ i.e.

improvement of cholephilic anion transport and methionine metabolism have ~n

further elucidated in clinical pharmacology studies pefiormed in challenge models.
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6S.5.1.1 Ethinyloestradiol challenge

Ethinyloestradiol (EO) is a synthetic oestrogen found in many oral contraceptives. It causes a

predictable and reversible reduction in hepatic excretory function when administered to

susceptible women or in large doses. Hepatic excretory fimction abnormality after EO treatment

is associated with decreased membrane lipid mobility, possibly due to an increased content of

cholesterol in liver surface membrane (Simon 1978).

EO-induced cholestasis is regarded as a “pure” cholestasis as the damage involves only the liver

phisma membranes in the absence of hepatocyte necrosis and

represents a good clinical model for investigation of substa&s

involves the liver plasma membrane.

.,

inflammation. It therefore

whose mechanism of action

Six women with a past history of intrahepaticcholestasis of pregnancy volunteered to receive an

oral load of EO (O.1 mg/day) for one week and, after 3 months, the same dose of EO plus oral

Ade-tosylate (800 mg/day) for one week (Frezza et al. 1988). EOalone significantly ”increased
. .

serum levels of conjugated bilirubin, a&inotransferases, atid total bile salts with respect to basal

.. . values. After the rechallenge with EO plus Ade-tosylate, the liver fimction, tests did not change

significantly compared to baseline and ‘were significantly lower &an those obtained after the

challenge with EO alone.

6.3.5.1.2 Organic anions
Rifamycin-SV

-.

transport: challenge with Nicotinic Acid and

Nicotinic acid (NA) and Rifamycin-SV (R-W) are two organic anions which compete with

bilirubin for the uptake by a common liver membrane carrier (Gentile et al. 1984).

In subjects showing an impairment of bilirubin uptake (i.e. subjects with Gilbert’s syndrome,

elderly subjects, and cirrhotic), an intravenous load with NA or R-SV leads to a transient

increase in serum bilirubin levels (Gentile et al. 1984, 1990; Persico et al. 1990a; 1994). This

hyperbilirubinaemic effect is exploited to estimate the bilirubin uptake capability of liver cells.

The effects on the metabolization rate of bilirubin and NA of two dosages (200 mg and 800

mg/day, respectively) of Ade-tosylate, were evaluated in 10 males with Gilbert’s syndrome

(Gentile et al. 1988). In this trial, each patient received both intravenous Ade-tosylate (200 mg

and 800 mg/day) and placebo according to a
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S(?qUWNkd design {nc[u~ng a one-week wash-out course after each treatment

period lasting 10 days. ,

SerUm Unconjugated ~[im~n Ieve[s were significantly lower (p41.01) after 800 mg

of Ade-tosyiate than after placebo as well as after the lower dose of Ade-tosylate.

Accordingly, the bi[im~n time concentration curve, expressed as area under” the

curve (AUC), was signifi~ntly (p<O.O1) reduced after the higher dosage of Ade-

tosyklk? as compared with the values obtained after placebo as Wdf as aftf3~200
mg of Ade-tosylate. plasma NA half-life WaS also significantly reduced (pcO.01) by

Ade-tosyiate 800 mg/day and not by placebo or the lower dosage.

In an additional Clinical trial, NA half-life and serum bilirubin pharmacoldnetics after

NA Intravenous load were studied in 10 healthy young males and in 10 healthy

elderly males before and after Ade-tosylate administration (800 mg/day Lv. for 10

days) (Gentile et al. 1g90). At baseline, the mean serum bilirubin time-concentration

.. CUrve after NA load, expressed as AUC, was significantly higher in the elderly

subjects than ‘in “the””yotiig oriesl confirming an impairment in liver “plasma .

membrane mobility occurring with age. Ade-tosylate treatment produced a

significant decrease (pco.01 ) of bilirubin AUC after NA load in elderly subjects as .

wef[ as a significant shortening (p<O.ol ) of NA haif-life in both grOupS.

. .

Fhdy, the aim of a third challenge study was to investigate the effect of

ademetionine therapy on hepatic handling of organic anions (half-life and

hyperbilirublnaemic effe~ of R.SV) in patients with liver cirrhosis (Persico et al.

1990b). Fotty eight ~rrhotic patients (stage AZ) were enrolled in this trial and

randomized to receive Ade-SD4 (I 200 mg/day iv.) or piacebo for ten days. After

treatment, the patients who received Ade-SD4 showed a significant (P<O.05)

decrease in R-SV half-life and R-SV-induced tlyperbilirubinaemia as compared

with baseline as well as with post-treatment piacebo vaiues. In this regard, it should

be underlined that hypetilli~binaetnia after R-S/ load significantly relates with the

degree of liver function as assessed by the Child-Pugh criteria as well as by

antipiqme cfearance (Persico et al. 1994). Furthermore, a significant (P<O.001)

improvement of aminotransferases and alkaline phosphatase was observed after

Ade-SD4, whereas placebo was ineffective.

6.3.5.1.3 Methionlne challenge

Hepatic methionine metabolism and, as a consequence, the transsulfuration
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pathway are impaired in cirrhotic patients (Horowitz et al. 1981,Marchesini et al. 1992a). The

def~tive metabolic step is located at the site of ademetionine synthesis from methionine and

ATP because of reduction in the activity of the enzyme ademetionine synthetase (Carbrero et al.

1988, Martin Duce et al. 1988). Accordingly, reduced ademetionine synthesis and utilization

might result in decreased formation of secondary sulfir amino acids (cystine, taurine), with

nutritional defwts as well as reduced glutathione availability with potential substance

hepatotoxicity (Chawla et al. 1984).

In a doubIe-b[ind randomized trial 16 alcoholic cirrhotic males (8 in each group) were treated for

1 month with Ade-tosylate (1200 mg/day orally) or placebo (Corrales et al. 1991b. 1992b). At

the end of treatment the degree of metilonine intolerance was investigated after an oral

methionine load (50 ingkg bwt). lle maximum values of plasma ,methionine were reached

about one hour after the met.ldonine overload and they were significantly (p<O.05) lower in the

soup receiving Ade-tosylate than in the placebo group. Furt.@ermore,the average half-life of

methionine was also significantly (p<O.05) lower afier Ade-tosylate therapy than after placebo. ..

Sulfate excretion in 24 hoursurine collection was similar in both groups. These results indicate

that ademetionine treatment improves methionine tolerance in patients with liver cirrhosis.
.’

6.3.5.2 Methionine metabolism impairment ‘.

The effkcts of ademetionine administration on the metabolism of methionine and on the

availability of sulfated compounds in patients with chronic liver disease have been elucidated in

the following studies.

One-month treatment with Ade-tosylate (1200 mg/day orally) improved methionine tolerance in

patients with liver cirrhosis (Corrales et al. 1991b, 1992b.). This study has been discussed in

section 6.3.5.1.3.

In placebo-controlled trial, the effect of a treatment with Ade-tosylate on hepatic glutathione

content in patients with liver cirrhosis was investigated (Vendemiale et al. 1989b). Twenty-four

patients with alcoholic or non-alcoholic cirrhosis were allocated to receive Ade-tosylate (1200

mg/day) orally or placebo for 6 months. In addition, 15 normal subjects served as contro!s. Pre-

treatment levels of hepatic glutathione were significantly lower in cirrhotic patients than in

normal controls. Ade-tosylate therapy resulted in a significant increase in hepatic glutathione
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content both in patients with alcoholic cirrhosis and in those with non-alcoholic liver

disease as compared with placebo-treated patients.

Sixteen patients with liver cirrhosis were enrolled in a placebo-controlled study and

distributed in two groups carefully matched as to age, sex, aetiology and seventy of

the liver disease receiving Ade-tosylate (1200 mg/day iv. for 3 days followed by

1200 mg/day orally for 30 days) or placebo (Marchesini et al. 1992b). In patients

given Ade-tosylate, long-term treatment doubled cystine and taurine plasma ievels,

which were low to normaf at baseline, without any change in the concentration of

methionine, neutral amino acids, and polyamine. No changes in plasma amino acid

pattern were observed in the control group.

Tauvine is a sulfur-containing amino acid produced by the transsuifuration pathway

of methionine. The best known, and possibly the most important, function of taurine

in humans is biie acid amidation in the liver. Bile acid conjugation with taurine plays
. an. important role as a detoxifying process during cholestasis (Heaton 1985). As the .

proportion of taurine conjugation is closely correlated with the hepatic availability of

taurine (Hardison 1978), a decrease in its synthesis, due to transsulfuration,.
derangement, might Iead.to “an impairment of bile acids amidation.

In order to investigate the effect of Ade-tosylate on the levels of sulfur amino acids
-..

in bile and on bile acids amidation with taurine, ten patients with cirrhosis were

enroiled in an open study and treated with Ade-tosylate (800 mg/day orally) for two

months (Gandin et al. 1992). Bile was obtained before and after treatment using

a string-test device after gallbladder contraction with oaerulein. An increase in bile

concentration of glutamine and taurine was recorded after therapy. Biie salts

analysis showed a trend towards increased tauroconjugation for all individual bile

salts with significant (pcO.05) increase in taurochenodeoxycholate and a drop in

glycocholate biliary concentration. These data suggest that, in cirrhotic livers,

exogenous ademetionine is partialiy metabolized to taurine, which is used for bile

acids amidation.

6.3.5.3 Primary biliary cirrhosis (PBC)

The efficacy of a 2-month oral treatment with Ade-tosylate (2400 mg/day) on

pruritus and liver biochemistry in 8 patients with PBC stage III-IV has been reported

in section 6.3.3.2 “Ademetionine vs other active treatments” (Bray et al. 1991a).



TIIese results were also confirmed in a multicentre trial in patients with intrahepatic cholestasis

complicating chronic liver disease, to which 32 patients with PBC (stage I-III) took part (ManziIIoet

al. 1992;Giudici et al. 1993).

Patients were randomized to receive intravenousAde-tosylate(800 mg/day) or placebo for 2 weeks.

Ade-treated patients showing a decrease 250% vs baseline or normalization of at least one of the

markers of intrahepaticcholestasis (i.e. serum total and conjugatedbilirubin or alkaline phosphatase)

were subsequentlyrandomized to oral Ade-tosylate(1600 mg/day)or placebo for 8 weeks.

Ade-tosylate treatment was significantly more effective than placebo in improving serum total and

conjugated bilirubk ALT and y-GT.

Pruritus was relieved in 5 out of 8 patients (62%) on iv. Ade-tosylate and in 4 out of 11 (36%)

patients on placebo. Oral Ade-tosylate treatment was significantly superior to placebo in fiuther

decreasing serum total and conjugated bilirubin..,.

The anticholestatic activity of Ade-treatment. jn PBC might also be explained by its ~pability to. -. ..

decrease tofic endogenous bile acid pool “asshown by a s~~ificant decrease in bilia& deoxycholic

acid p~alleled by aQ‘increase in cholic as well as chenodeoxycholic acid and an improvement of

liver biochemistry and pruritus in 5 patients with PBC (stage I-III) receiving Ade-tosylate at the dose

of 800 mg/day p.o. for 2 months (Rods et al. 1992). This effect has also been shown when Ade was ‘..

combined to UDCA treatment as compared to UDCA alone in patients with PBC (Rods et al. 1993).

6.3.5.4 Prevention of substance-induced hepatotoxicity

6.3.5.4.1 Oestrogens

Eighteen healthy women on oral contraceptives, who developed liver biochemistry abnormalities

after 2 cycles of treatment, showed a normalization of serum aminotransferases, serum bile salts,

and bile cholesterol saturation index when they were given oral Ade-tosylate (600 mg/day) during

the 2 following cycles of oral contraceptives (Frezza et al. 1987; Di Padova et al. 1984a).

The activity of Ade-tosylate in counteracting oestraogen -induced hepatotoxicity was also proven in

high risk subjects, such as women with a past history of intrahepatic cholestasis of pregnancy (Frezza

et al. 1988). This study has been discussed in section 6.3.5.1.
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Furthermore, in an additional experiment carried out in 7 women with a past history of

intrahepatic cholestasis of pregnancy who exhibited bile cholesterol supersaturatio~ oral Ade-

tosylate (800 mg/day) for 2 weeks decreased bile cholesterol saturation index to normal values

(Frezza et al. 1988).

These findings indicate a possible use of ademetionine in allowing

oestrogen-induced hepatotoxicity to continue using oral contraceptives.

63.5.4.2 Androgens

See case reportedon section 6.3.5.8.

6.3.5.4.3 Paracetamol

women susceptible to

.-1..q,

Paracetamol (acetaminophen) is inactivated via 2 main pathways resulting in the formation of

sulfate and glucuronide derivatives.. .
lleduced levels of. SUM.Wcompounds and glutathione make patients’ with” ci@osis more

susceptible to the hepatotoxic effects of this substance (Lauterburg & Velez 1988). In a study of

6 cirrhotic patients, 1 week of intravenous administrrition of Ade-tosylate “ . .

800 mglday significantly enh~ced the formation of sulfate and glucuronide conjugates of

paracetarnol given at an oral dose of 1.0 g.
..>

In addition, the urinary excretion of paracetamol mercapturate, a highly reactive hepatotoxic

intermediate of paracetarnol metabolism, was decreased (Vendemiale et al. 1989a).

6.3.5.4.4 Psychoactive agents and anticonvulsants

Protection by ademetionine against drug-induced liver dysfunction was also investigated by

Torta et al. (1988) in a large group of patients receiving long term treatment with various

psychoactive agents and anticonvulsants.

This study included 5 groups: (a) monoamine oxidase inhibitors (MAOI; 60 patients); (b)

tricyclic antidepressants (350 patients); (c) benzodiazepines (500 patients); (d) anticonvulsants

(445 patients); (e) alcoholics taking antidepressants oranticonvulsants(18 patients). In the first

4 groups half of the remainder, plus those in group 5, received the substance only when serum

y-GT, a sensitive indicator of hepatotoxicity, became elevated. Patients receiving treatment with

MAOIS or with anticonvulsants (phenytoin or phenobarbitone) showed abnormal liver enzyme

activity which was reversed or prevented by concomitant Ade-tosylate treatmenz while those
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receiving tricyclic antidepressants or benzodiazepines showed no enzyme abnormality either with or

without Ade-tosy[ate. Alcoholics receiving Ade-tosylate in addition to substance therapy also

showed a normalization of liver Y-GT. Thus, Ade-tosylate appears to be capable of antagonizing or

preventing substance-induced hepatotoxicity under the conditions of this study.

6.3.5.5 Acute hepatitis

Twenty six patients of both sexes affected by intrahepatic cholestasis complicating acute hepatitis in

the majority of the cases, or chronic liver disease, were allocated to three groups (Adachi et al.

1986). Nine were treated with 600 mg/day of Ade-tosylate iv., nine received prednisolone in

decreasing doses of 30 to 10 mghy orally, and eight patients served as a control group receiving no

treatment. After 3 weeks of therapy, a significant (p<O.O1) decreased in serum bilirubin levels was

observed in both Ade-tosylate and prednisolone groups, a trend which was already evident after the

fmt week of therapy in both treatment groups. On the contrary , no improvement in liver

biochemistry was recorded in the control group.

. . ., . .
,. . . .

In a double-blind placebo controlled study, patients were stratified according to diagnosis (acute .

hepatitis/chronic liver disease) and a separate statistical analysis were pefiormed at theend of the

trial (Mmzillo et al. 1992).
...

Eighty seven patients with acute viral or alcoholic hepatitis were randomly allocated to receive Ade-

tosylate 800 mg/day intravenously(51 patients) or placebo (36 patients) for 2 weeks. A significant

treatment-to-time interaction was found for serum total and conjugated bilirubin, alkaline

phosphatase,y-GT,and aminotransferases (AFT,AST). Therefore, Ade-tosylate treatment induceda

greater improvement of liver biochemis~ than placebo. At baseline, 16 patients receiving Ade-

tosylate and 7 patients treated with placebo complained of pruritus. After therapy the symptomwas

totally relieved in all the patients receiving Ade-tosylateand in none in the placebo group (p<O.001).

In a placebo-controlled trial, 28 patients with acute viral Iiepatitis due to HAV, HBV, or HCV were

enrolled and randomized to receive Ade-tosylate (500 mg/day iv.) or placebo for 10 days (Botero &

Del Gado 1991). All the patients had evidence of acute hepatitis lasting less than 15 days and were

followed at least 10 days, 20 days, 1 month and 3 months intervals. After treatment a significant

(p<O.01) decrease in aminotransferases plasma values was observed in the group treated with Ade-
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tosylateas compared with placebo. The assessment of aminotransferases levels

during the follow-up, showed that patients who received Ade-tosylate therapy

experienced a more rapid improvement of these parameters as compared with the

placebo group. Furthermore, Ade-tosylate treatment was well tolerated with no

adverse effects. ‘“’

Forty seven hospitalized patients with acute type B hepatitis were enrolled in a

double-blind, randomized, placebo-controlled study (Di Nola - Data on Knoll

Farmaceutici file). The patients were consecutively randomized to receive Ade-

tosylate 1200 mg/day orally (24patients) or placebo (23 patients) for30 days and

were followed at’1 O, 20 and 30 days after starting the treatment. The two study

groups were well matched with the exception of higher basal levels of serum

aminotransferases and bilirubin in the group receiving Ade-tosylate.

A significant treatment-to-time interaction for aminotransferases as well as for

serum total and conjugated bilirubin (p<0,05) was observed in the patients treated

with Ade-tosylate. The results were confirmed by covariance analysis to correct for

systematic bias such as difference between groups at baseline. Furthermore, a

significant difference between groups was observed for aminotransferases from

day 10 but not for serum total and conjugated bilirubin.

Recovery, meant as normalization or reduction to a value below the double of the

upper normal level for transaminases or <50Y0 for bilirubin, occurred significantly

earlier in patients receiving Ade-tosylate than in the placebo group, i.e. 21 days vs

30 days for aminotransferases and 8 days vs 13.5 days for bilirubin, respectively

(p<o.05).

Concomitantly, prothrombin activity increased to a greater extent ‘after Ade-tosylate

therapy than placebo. Furthermore, 33%’ of the patients treated with Ade-tosylate

became HBsAg negative during treatment and” 28’70; developed HBsAb as

compared to 18% and 14% in the placebo group. Although this difference was not

statistically significant, the title of serum HBsAg was significantly decreased in the

Ade-tosylate group (pcO.01 ).

Finally, the treatments proved to be safe.



6.3.5.6 Fatty liver degeneration

Patients with chronic active hepatitis treated with steroids often develop fatty iiver

degeneration. Twenty patients receiving prednisone (20 rng/day) with or without

azathioprine (100 mg/day) received 200 mg/dayAde-tosylate intravenously for20

days, then 100 mg 3 times weekly intramuscularly for9’rnonths (Piccinino et al.

1982). At the time of the first observation, 3 patients showed fatty degeneration and

17 no fatty changes at liver histoiogy. Liver biopsies petlormed at the end of

treatment showed the absence of fatty degeneration in 15 patients, steatosis

developed in 2 patients, and a reduction of pre-existing fatty degeneration was

obsetved in the remaining 3. in a controi group of 40 patients receiving prednisone

with and without azathioprine (at the same doses as the study group), steatosis was

more severe in 3 out of 7 patients showing fatty liver degeneration at baseline and

develops in 9 out of the remaining 33 who had no fatty changes at baseline.

in a recent open uncontrolled trial, 30 patients with hepatic fatty degeneration due

to alcoholism or hyperlipidaemia were treated with i.m. Ade-tosyiate for 2 months

(Caballeria & Moreno 1990). After one month of dietary therapy to achieve a steady

baseline status, the patients received Ade-tosylate by i.m. route at the dosage of

100 mg/day for one month and 100 mg every other day during the second month.

At the end of treatment, a significant (p<O.001) decrease in hepatic fatty deposition

assessed by echography and graded according to a seventy score was recorded.

Furthermore, y-GT serum levels fell significantly (pcO.01 ) after Ade-tosyiate therapy

and in the subgroups of alcoholics, who showed increased ieveis of

aminotransferases at baseiine, a significant (p<O.05) redu~ion of these enzymes

was also found.

Ade-tosylate administered orally (600 mg/day) for 1 month was aiso proven to be

effective in significantly reducing hepatic fatty degeneration histologically assessed

in patients with cirrhosis or chronic hepatitis mostly, due to alcohol abuse as

compared with placebo (Micali et al. 1983). Histological features with regard to non-

steatosis alterations, i.e. cloudy swelling, necrobiotic foci, and fibrotic component,

were also improved after Ade-tosylate therapy whereas no changes were observed

in patients receiving placebo.

Furthermore, oral Ade-tosylate significantly reduced AST, ,ALT and TGT serum

levels and improved bromosuiphthalein retention as compared with placebo.

*
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6.3.5.7 Congenital disorders of biiirubin and porphyrin metabolism

Gilbert’s syndrome, a famiiial defect of bilirubin metabolism, may iead to symptoms

of fatigue, anorexia, general malaise and anxiety often associated with jaundice.

The possible use of ademetionine to reduce associated hyperbiiirubinaemia has

been addressed in 2 preliminary studies. Bombardier et ai. (1985) treated 14

patients with a 10-day course of Ade-tosyiate (200 mg daily intravenously) and

found a significant decrease (p<o.002) in levels of unconjugated and totai biiirubin

and a concomitant increase in urinary excretion of D-giucaric acid, an indicator of

iiver microsomai enzyme activity. Bilirubin levels in 9 of the patients feii further after

additional treatment with oral Ade-tosylate (1200 mg daiiy) for 10 days foliowing a

3-month washout period.

Gentile et al. (1988) treated 10 patients with a daiiy intravenous infusion of Ade-

tosyiate 800 mg or 200 mg or piacebo for 10 days, each with a week’s washout

between the various courses of treatment. Unconjugated bilirubin values after iv.

nicotinic acid ioad were significantly lowered oniy by the 800 mg dose of Ade-

tosylate. The deiayed elimination of nicotinic acid, observed in Giibert’s syndrome,

also tended to be normalized. This study has been discussed in section 6.3.5.1.2.

The mechanism of action of ademetionine in producing the noted improvements

could be through its contribution to phospholipid synthesis and iiver ceii membrane

turnover (Bombardier et ai. 1985) or an action at the ievel of hepatocyte uptake

where biiirubin, nicotinic acid and rifamycin-SV share a common membrane carrier

protein (Gentiie et ai. 1984).

Ade-tosyiate has aiso been used in the treatment of 2 cases of infantiie porphyria

cutanea tarda characterized by skin lesions associated with porphyrin

overproduction and excretion (Bathe et ai. 1987). The disorder is due to either a

hereditary or an acquired deficiency in hepatic uroporphyrinogen decarboxylase

(URO-D), and treatment is aimed at restoring hepatic levels of iron and porphyrin to

normai. Ade-tosylate administration (200 mg/day oraiiy) in combination with

chioroquine resulted in complete clinical and biochemical remission. in these

cases, enhanced giutathione availability may have prevented inhibition of URO-D

by iron but the exact mechanism of action is not known. Adult patients treated with

orai Ade-tosyiate alone for 3 weeks (15 to 45 rng/kg/day), followed by a second

course after 2 months, experienced improvement in the clinicai or biochemical

parameters (Batlie et al, 1987).



6.3.5.8 Case reports

Benign recurrent intrahepatic choiestasis (BRiC) is a rare, inherited

disorder ofunkhown aetiology characterized byrelapsing episodes of jaundice and

pruritus, The prolonged cholestasis is often accompanied by fat malabsorption and

weight loss.

In a recent case report (Everson et al. 1989) intravenous Ade-tosylate (800 mg/day)

was reported to be ineffective in the short-term (9 days) treatment of 4 cases of

BRiC, and possibly hepatotoxic due to an elevation in serum aminotransferases.

However, the same group recently reported that one of the 2 patients studied had

progressed to cirrhosis 6 years later, which suggests that his condition was not

BRiC. {Everson & Krawitt 1991 ).

Oppos~te results were found in one case of BRiC on a long-term (11 weeks), varied

regimen of oral (1600 mg/day) and intravenous (800 mg/day) Ade-tosylate therapy

(Rafique et al. 1991, 1992a). After treatment, amelioration of pruntus as weli as a

parailei decrease in total bilirubin, aikaline phosphatase and erythrocyte

membrane cholesterol/phospholipid molar ratio were found. Aminotransferases

remained normal, suggesting the absence of hepatotoxic effect. The patient’s

previous episode of BRiC lasted 15 months, suggesting that the recover of the

present, iasting only 3 months, might be due to ademetionine treatment rather than

to spontaneous reversion.

intrahepatic choiestasis is a common complication of totai parenterai

nutrition (TPN), occurring in 30 to 60% of treated patients.

i, A patient suffering from ulcerative choiitis in active phase and treated with TPN for

29 days who benefited from intravenous Ade-tosylate therapy (800 mg/day), has

recentiy been reported (Caballero Plasencia et al. 1991). intrahepatic cholestasis,,
., developed on the thirteenth day of TPN. Intravenous Ade-tosylate was administered

from then until to the end of the TPN therapy (16 days), which continued

unmodified. By the end of the first week of Ade-tosyiate treatment, a marked

decrease in all abnormai biochemical parameters (i.e. total and conjugated

bilirubin, alkaiine phosphatase and y-GT) was obsetved and complete

normalisation was recorded at the end of TPN and Ade-tosylate therapy.

Several cases, of cholestasis induced by the C17 aikyiated anabolic

steroid danazoi have been reported.

d
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Although liver function returned to normal after the submu withdrawal, this ~ tie ss long as 3

months even in the absenee of jaundke. Treatment to awelemte normalization of liver fimction

might therefore be of particular benefit in eases in which severe symptoms occur.

A 60-year old male, with a 2-years history of chronic autoimrnunehaernolytic anaemia treated with

prednisolone, azathioprine and splenectomy, was started on danszol 200 mg three times cMly

because of his refkactaryanaemia.

‘lWrty-twodays later, he complained of tiredness, na~ left upper quadrant abdominal discomfo~

pruritus, dark urine, pale stools and deep jaundice. Serum bilimbin mse up to 936 pmol/1 (n.v. o-35).

Damml was discontinued and he was referred to the hospital.

Histological e-ination 24 days tier stopping danal showed f-ties of substance-induced

cholestasis with mild cholangiolytic changes and fxal perivenukwcell loss.

Ade-tosylate by intravenous infusion was commenced at a dose of 800 mg twice daily of 10 days

re@cing.to 800 mg daily for a fi*er 10 days. This resulted in a prompt dec~se of semm bi[fibin ~..’.

fkom476 to 137 timoUl,and an improvement of renal ~ction (serum cr~tiniie form 227 pmol/1to

withii the normal value of 84 pmolll). The patients was discharge! home on oral Ade-tosylate

(2400 mgkhdly) for a firther 6 w&ks. At tiis time, his serum bilimbin had returned to “tiatobserved

prior to danazol (44 p.molh)and he was symptomaticwell @ray et al. 1993). .. . .

Non specific chronic hepatitis following graft versus host disease (GVHD) after allogenic bone

marrow transplantation (BMTx) can progress to Vanisling Bile Duct Syndrome (VBDS) and

seeondary biliary cirrhosis. Steroids and/or UDCA are administered in the early stages of dkase,

but they may have no effeot once cirrhosis is established.
,-

A 17-year old boy with chronic myeloid Ieukemia underwent to BMTx from an HLA identical mixed

lymphocytes culture non reactive brother. Despite methotrexate (MTX) and methylprednisolone

treatmen~ 60 days after BMTx he developed an acute GVHD with cholestatic features. MTX was

replaced with Azathioprine, but 29 months after BMTx liver biopsy showed chronic active hepatitis

and irdtial VBDS. Stage III Hodgkin’s disease was diagnosed 3.5 years later and polychemotherapy
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was instituted with complete remission. After 5.5 years a cholestatic syndrome

developed with severe pruritus and serum total bilirubin (STB = 446 ymoili), serum

total bile acids (STBA = 150Vmoi/L) and ALP = 336 WI. The patient W= treated

with iv. Ade-SD4 800 mg/day. After 15 days a marked reduction of STB = 213

pmol/1, STBA = 45ymoi/1, a decrease of ALP = 292 WI and a complete remission of

pruritus were observed. Discontinuation of Ade-SD4 was foiiowed by

reappearance of pruritus and increase of serum markers of choiestasis. A

resumption of iv. Ade-SD4 led again to an improvement and its tolerability was.J -
good so that a maintenance iv. treatment was established (Iemmolo et al. 1993).

6.3.6 T operability
.,

..-
- AdverjjQ effects noted with Ade-tosyiate therapy in aii ciinbal triais to date have..“

generally been mild and transient with no serious adverse reactions observed.

Furthermore, during ali these trials, there were no dropouts due to side effects.

.. . .
These findings are mainly supported by the evaluation of the two iarge rnultlcenter

studies.

in thelirst (Manziiio et al. 1992), 180 patients were treated by intravenous treatment

with Ade-tosyiate and 163 with placebo and were evaluated for tolerability. No
-...

stati~”caliy signifitint difference between the two groups in terms of tolerability was

-reported, as illustrated in Tabie X.

Table X Profile of Ade-tosylate tolerabitii (800 rng/day iv.). study with double blind
assessmentversusplaoebo.

SIDE EFFECTS ADE-TOSYLATE PLACEBO
(NO. 180) (NO. 163)

:vTransient insomnia 5 2
Nausea 3
Sweating

4
~.

Superficial phlebitis ; 3
Rash o 1
Totai 16 (8.8”A) 10 (6.1’YO)

There were no dropouts for side effects, whereas 17 patients (2 in the Ade-tosylate

group and 15 in the placebo group) withdrew from the study due to the inefficacy of

the treatment and in 12 patients on Ade-tosylate and 10 on placebo for reduced

compliance.

,
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Regarding the oral form, tolerability was more or less the same as that repotied in

the previous study (Table Xl). The overall incidence of adverse effects did not differ

from that reported in the placebo group. No dropouts due to side effects were

recorded, whereas 2 patients in the Ade-tosylate group and 9 controls refused to

continue the treatment because of inefficacy (Frezza et al. 1990b).

Table Xl Profile of Ade-tosylate tolerability (1600 mg/day orally). Study with double btind
assessment versus placebo.

SIDE EFFECTS ADE-TOSYLATE PLACEBO
(NO. 108) (NO. 101)

Transient insomnia 3 0

Nausea 7 6
Headache 1 1
Heartburn 2 1
Diarrhoea 2 3
Total 15 (13.8Yo) 11 (1 o.two)

.-*.

Furthermore, it should be underlined that high doses of Ade-tos$ate (3 g/day) . -

intravenously infused over 24.hours for 1 week in patients. with coma due to renal
i

failure” or acute drug intoxication were well tolerated and did not prod,me an~,..
untoward effects (Capogrossi et’ al. 1983).

.,

Finally, although in a ‘different indication, the results of extensive clinical trials,

which have enrolled about 22,000 patients, further support the safety of

ademetionine therapy (Di Padova 1987).
*.

. .

As far as Ade-SD4 treatment is concerned, it has been found to be well tolerated

and safe both when administered intramuscularly and intravenously (Mascio et al.

1991).

63.7 Aspect related the safety of the substance
—

LONG-TERM TREATMENT

In a long-term treatment study with oral Ade-tosylate (1200 mg/day) administered

for 6 months to cirrhotic patients, no side effects were reported (Vendemiale et al.

1989 b).

EFFECT ON AMMONIA METHIONINE AND MERCAPTANS METABOLISM

Abnormal metabolism or increased concentrations of ammonia, methionine and

mercaptans (i.e. methanethiol), have been suggested to be involved in the

biochemical mechanism of hepatic encephalopathy (Cooper 1983; Phear et al.
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1956; Zieve 1981).

Most of the ammonia is produced in the colon and comes from bacterial

degradation of urea and other nitrogenous substances like intraluminal amino

acids.

Ademetionine molecule has two amino groups which are not substrates of the

enzymes catalyzing the formation of ammonia (Schlenk & Zydek 1968). Therefore,

the nitrogenous moiety of ademetionine does not enter the metabolic pathways

producing ammonia.

Experimental data show that intravenous Ade-tosylate improves cerebral ammonia

detoxication process in dogs with hyperammonemia (Benzi et al. 1977). In addition,

both parenteral and oral Ade-tosylate therapy does not affect serum ammonia

levelsfin cirrhotic patients (De Caprio et al. 1980; Micali et al. 1983).

Methionine can be degraded in the liver via two pathways:

transamination. Only the latter pathway includes methanethiol
. .

as intermediate (Benevenga 1984).

.?-

transsulfuration and .,

but not ademetionine -
,,

In healthy subjects, the transamination pathway is not of quantitative significance.

However, in patients with ademetionine-sy nthetase deficiency, this pathway might

slightly contribute to methionine degradation (Gahl et al. 1988). ..

me administration of ademetionine to cirrhotic patients overcomes the metabolic ‘ .

block due to a reduced activity of ademetionine-synthetase as shown by an

increase in plasma cystine and taurine (Marchesini et al. 1992b) as well as in

hepatic glutathione content (Vendemiale et al. 1989a). This effect which seems

mainly to be referable to the restoration of ademetionine-synthetase activity

induced by exogenous ademetionine (Corrales et al. 1992a), in turn improves

methionine tolerance as shown in cirrhotic patients challenged with methionine

(Corrales et al. 1991 b, 1992b). Accordingly, after exogenous ademetionine, the

utilization of dietary methionine improves and proceeds in the direction of the

transsulfuration rather than the transamination pathway.

Furthermore, ademetionine is able to activate the enzyme cystathionine-sy nthetase

(Finkelstein et al. 1975) and to inactivate betaine-homocysteine methyttransferase

(Finkelstein & Martin 1984), promoting the utilization of homocysteine in the

irreversible transsulfuration sequence and, therefore, limiting the resynthesis of

methionine via the methyfation of hornocysteine.
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These assumptions are further supported by the evidence that long-term oral

ademetionine does not increase plasma methionine levels (Marcheslni et al.

1992b).

Methanethiol might be also formed from methionine by the intestinal flora (Corm &

Lieberthal 1979).

Both oral methionine (Adibi & Gray 1967) and oral ademetionine (Bombardier et al.

1983, Knoll Farmaceutici file) are absorbed very fast by the small intestine.

Although methionine clearance is strongly impaired in cirrhotic patients and its

intestinal absorption is quite efficient, no increase in methionine plasma

concentration was seen in patients treated with oral Ade-tosylate (1200 mg/day) for

30 days (Marchesini et al. 1992b). Furthermore, the intraintestinal application of

ademetionine does not increase methionine ievels in the mesentetfc blood

(Bombardier et al. 1983). These findings would exclude a significant formation of

methionine from ademetionine in the intestine during the preabsorption phase. As

methionine is the precursor of mercaptans, it seems therefore unlikely that

methanethiol can be produced in the intestine starting from ademetion”ine.

Furthermore, mercaptans are metabolized to less toxic metabolizes through S-

methylation by thiol S-methyltransferase, an enzyme mainly present in the

microsomes of cecal and colonlc mucosa and in the liver, using ademetionine as a

substrate (WeLsiger et al. 1980). Ademetionine might, therefore, be involved in the

detoxication processes of rnercaptans in the large intestine and in the liver.

MODIFICATIONSOF THE HAEMATOLOGiCANDOTHER PARAMETERS

In the studies including the trials with Ade-SD4 (Mascio et al. 1991, Persico et al.

1990b) no adverse effects of the drug were reported in terms of red blood cell

count, blood and urinary parameters abnormalities. The only laboratory parameters

which exhibited marked changes were the biochemical markers of cholestasis and

liver cell damage.

CONCOMITANT DISEASES

Therapeutic doses of Ade-tosylate were administered to patients affected by

various concomitant diseases. [n patients with arterial hypertension no interference

of Ade-tosylate With blood pressure control was observed (Data on Knoli

Farmaceutid file). The administration of Ade-tosyiate in patients with type II

diabetes did not modify the glycemic values (Data on Knoll Farmaceutici file).

. . .



1,

Ade-SD4 Gstro - 6th edition

However, in a clinical trial carried out in patients with liver disease, a decrease of fasting

plasma glucose levels was reported in two patients with type II diabetes after 2 weeks of

Ade-tosylate administration (600 mg/day iv.) (Adachi et al. 1986). No adverse reactions

were also reported in patients treated for heart failure (Data on Knoll Farrnaceutici file)

and rheumatic diseases (Data on Knoll Farmaceutici file).

USE DURING PREGNANCY

The use of high doses of Ade-tosylate in women developing intrahepatic cholestasis in

the last three months of pregnancy did not lead to any side effect either in mother or fetus

or difference in the Apgar score as compared to those treated with placebo, whereas

btmeficial effects were noted on laboratory markers of intrahepatic cholestasis (Bonfirraro

et al. 1990; Catalino et al. 1992; Frezza et al. 1984, 1990% Lafuenti 1988).

TREATMENT WITHDRAWAL

Treatment withdrawal does not induce rebound effects. However, it has been shown that

the suspension of Ademetionine treatment may negate previously achieved therapeutic

actions (Frezza et al. 1984, 1990b; Manzillo et al. 1992).

CONTRAINDICATIONS

No form of hypersensitivity towards the product has been reported.

As there are no experiences in the fust two trimesters of pregnancy, it is recommended

not to prescribe the substance to pregnant women in this period.
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7. HANDLING AND DISPENSING

7.1 Stllhwy

Vials ean be kept at room temperature (Q5°C).

The solution of Ade-SD4 after reconstitution with the solvent is stable for 6 hours at

room temperature.

Ade-SD4 tablets, stored in aluminum strips, are stable for 2 years, according to

accelerated stability test date.

The tablets can be kept at room temperature (Q5”C).

We recommend opening the aluminum strip only imme&ately before use.

7.2 ~ecommendation for clinical use

7.2.1 ~osa~e instructions

On the basis of the available clinical data the recommended doses are the following:

. 800 mgklay intravenously and intramuscularly. The lyophilized compound has to be

reconstituted in its appropriate solvent before intramuscular injections. When the

substance is admhistered intravenously, after reconstitution of the lyophilized

compound in its appropriate solven~ the total dosage has to be fi..utherdiluted in 250

cc 5°Adextrose or saline solution. The solution should be prepared fresh daily and

administered immediately.

● Oral administration: daily 800 mg bid.

Addhional dose finding studies should better define the therapeutic window.

. . .

7.3 iSpills and waste dlsposa.!
.

Pick up by mechanical means and rinse with water.

Contact with skin: rinse with plenty of water
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Contact with eyes: rinse with plenty of water and seek medical advice

against acid solution

Water solution disposal: according to domestic law on pharmaceutical

products disposal

-’%.

.
● ✌✎

-lc9-



8. REFERENCES

Adachi Y, Nanno T, Kanbe A, Inufusa H, Yamashita M, et al. The effects of

S-adenosylmethionine on intrahepatic cholestasis. Japanese Archives of Internal

Medicine, 33:185-192, 1986

Adibi SA, Gray SJ. Intestinal absorption of essential amino acids in man.

Gastroenterology, 52:837-845, 1967

Almasio P, Bianchi G, Marchesini G, Luca A, Buggianesi E et al. Sulfur amino acid

(SAA) pattern in chronic liver disease. The Italian Journal of Gastroenterology, 26:

21-25, 1994

Alvaro D, Gigliozzi ~Piat C, Carli L, Bini A, La Rosa T, Furfaro S, Capocaccia L.

Effect of S-Adenosyl-L-Methionine on ethanol cholestasis and hepatotoxicity in

Isolated perfused rat liver. Digestive Disease and Sciences. 40 (7):1592-1600,

1995

Angelico M, Gandin C, Nistri A et al. Oral S-adenosyl-L-methionine (SAMe)

administration enhances bile salt conjugation with taurine in patients with liver

cirrhosis. Stand J Clin Lab Invest 54:459-464, 1994

Arias IM. Ion transport into and out of the liver. In Keppler D, Popper H, Bianchi L, et

al. (Eds) Mechanisms of hepatocyte injury and death, pp 49-56, MTP Press,

Lancaster, UK, 1983

Arias IM. Mechanisms and consequences of ion transport in the liver. In Popper H,

Schaffner F (Eds) Progress in liver diseases, vol. Ill, pp. 145-159, Grune & Stratton

Inc, Orlando, USA, 1986

Arias-Diaz J, Vara E, Garcia C, Villa N, Rodriguez JM, Ortiz P, Balibrea JL.

S-Adenosyl-Methionine protects hepatocytes against the effects of cytokines. In

press, 1996

Attili AF, Angelico M, Cantafora A, Alvaro D, Capocaccia L. Bile acid-induced liver

toxicity: relation to the hydrophobic-hydrophilic balance of bile acids. Medical

Hypothesis 19:57-69, 1986

4/$4



Barrio E, Cutrin C, Menino MJ et al. Comparative effect of nifedipine and

S-adenosyl-L-methionine, singly and in combination on experimental rat liver

cirrhosis. Life Sciences 52: PL21 7-220, 1993

Bathe AM Del C, Stella AM, De Kaminsky AR, Kaminsky C, Mariano HG. Two cases

of infantile porphyria cutanea tarda: successful treatment with oral S-adenosyl-

Lmethionine and low-dose oral chloroquine. British Journal of Dermatology, 116:

407-415, 1987

Battiston 1,Tulissi P, Pussini E, Pozzato G. Reversal of ethanol induced hepatic

glutathione depletion by S-Adenosyl-methionine in rats. Journal of Hematology. 23

(1):160, 1995

Belli DC, Fournier LA, Lepage G et al. S-adenosyl-L-methionine prevents total

parenteral nutrition-induced cholestasis in the rat. Journal of Hematology 21:18-23,

1994

Benevenga NJ. Evidence for alternate pathways of methionine catabolism.

Advance in Nutrition Research, 6:1-18, 1984

Benz C, Ti5x U. , KIMers-P. P, Rudolph G, Sauer P, Stremmel W, Theilmann L,

Stiehl A. S-Adenosylmethionine (SAMe) versus ursodeoxycholic acid (UDCA) in

bile avid induced liver injury. Hematology. 22 (4), 395A, 1995 abstract

Benzi G, Arrigoni E, Strada P, Pastoris O, Villa RF, Agnoli A. Metabolism and

cerebral energy state: effect of acute hyperammonemia in beagle dog. Biochemical

Pharmacology, 26:2397-2404, 1977

Bird GLA, Williams R. Factors determining cirrhosis in alcoholic liver disease.

Molec. Aspects Med. 10:97-105, 1988

Bjarnason 1,Ward K, Peters TJ. The leaky gut of alcoholism: possible route of entry

for toxic compounds. The Lancet. 8370, 1984

Boelsterli UA, Rakhit G, Balazs T. Modulation by S-adenosyl-L-methionine of

hepatic Na+-K+ATPase, membrane fluidity, and bile flow in rats with ethinyl

estradiol-induced cholestasis. Hematology, 3:12-17, 1983

-1o2-
,



Bombardier G, Milani A, Bernardi L, Rossi L. Effects of S-adenosyl-methionine

(SAMe)in thetreatment of Gilbefl's syndrome. Current Therapeutic Research, 37:

580-585, 1985

Bombardier G, Pappalardo G, Bernardi L, Barra D, Di Palma A, Castnni G,

Intestinal absorption of S-adenosyl-L-methionine in humans. International Journal

of Clinical Pharmacology, Therapy and Toxicology, 21:186-188, 1983

Bonfirraro G, Chieffi O, Quinti R, Tedesco R, Le Grazie C, et al. S-adenosyl-l-

methionine (SAMe)- induced amelioration of intrahepatic cholestasis of pregnancy.

Results of an open study. Drug Investigation, 2:125-128, 1990

Bortolini M, Almasio P, Bray G, Budillon G, Coltotti M, et al. Multicenter survey of the

prevalence of intrahepatic cholestasis in 2520 consecutive patients with newly

diagnosed chronic liver disease. Drug Investigation 14(4): 83-89, 1992

Botero RC, Del Gado C. Placebo controlled trial at intravenous

S-adenosylmethionine in patients with acute hepatitis A, B, and NANB. Hematology

14 (4): 199A, 1991. Abstract

Bottiglieri T, Godfrey P, Flynn T, Carney MWP, Toone BK, et al. Cerebrospinal fluid

S- adenosylmethionine in depression and dementia: effects of treatment with

parenteral and oral S- adenosylmethionine. Journal of Neurology, Neurosurgery,

and Psychiatry 53:1096-1098, 1990

Boyer JL. Treatment of intrahepatic cholestasis. In Rod6s J, Arroyo V (Eds). Therapy

in liver diseases. Ediciones Doyma, Spain: 73-82, 1992

Bray GP, Di Padova C, Tredger JM, Williams R. A comparison of

S-adenosylmethionine (SAMe), rifampicin (R) and ursodeoxycholic acid (UCDA) in

primaty biliary cirrhosis (PBC): interim results. Journal of Hematology, 13 (2): S101,

1991 a. Abstract

Bray GP, Harrison PM, Wendon JA, Tredger JM, Williams R. S-adenosylmethionine

and N- acetylcysteine in paracetamol hepatotoxicity. [n Rodes J, Arroyo V. (Eds.)

Therapy in liver disease. Ediciones Doyma, Barcelona, pp. 343-347, 1991 b

Bray GP, Tredger JM, Williams R. S-adenosylmethionine protects against

acetaminophen hepatotoxicity in mice. Hematology, 15:297-301, 1992



Bray GP, Tredger JM, Williams R. Resolution of danazol-induced cholestasis with

S-adenosylmethionine. Postgraduate Medical Journal 69:237-239, 1993

Burk RF. Hepatocytoprotective substances. Gastroenterology, 81:397-398, 1981

Caballeria J, Gassb N, Corrales F, Rubio M, Deulofeu R, Gimenez A, Pares A,

Ballesta AM, Mato JM, Rodes J. Protective effect of S-adenosyI-L-methionine

(SAMe) in the development of CCld-induced cirrhosis. Hematology 19 (4):471,

1994a Abstract

Caballeria J, Gimenez A, Corrales F et al. Effects of S-adenosyl-L-methionine

(SAMe) on experimental liver fibrosis. In Falk Symposium 71, Fat-storing cells and

liver fibrosis. Surrenti C, Casini A, Milani S et al. (Eds.) Kluwer Academic

Publishers, Lancaster, UK, pp 314-321, 1994b

Caballeria E, Moreno J. Therapeutic effects of S-adenosylmethionine (SAMe) in

hepatic steatosis. A pilot study. Acts Therapeutic, 16:253-264, 1990

Caballero Plasencia AM, Montero Garcia M, Ceballos Torres A, Ortiz Betes P,

Bortolini M. Total Parenteral nutrition plus S-Adenosylmethionine in a case of

intrahepatic cholestasis. Drug Investigation, 3:333-335,1991

Cabrero C, Martin Duce A, Ortiz P, Alemany S, Mato JM. Specific loss of the high-

molecular-weight form of S-adenosyl-L-methionine synthetase in human liver

cirrhosis. Hematology, 88:1530-1534, 1988

Cacciatore L, Varriale A, Cozzolino G, Dionisio M, Le Grazie C, et al.

S-adenosylmethionine (SAMe) in the treatment of pruritus in chronic liver disease.

Acts Therapeutic, 15:363-371, 1989

Calmus Y, Arvieux C, Gane P, Boucher R, Nordlinger B et al. Cholestasis induces

major histocompatibility complex class I expression in hepatocytes.

Gastroenterology, 102:1371-1377, 1992

Cantoni L, Budillon G, Cuomo R, Rodino S, Le Grazie C, et al. Protective effect of S-

adenosyl-L- methionine in hepatic uroporphyria. Evaluation of an experimental

model. Scandinavian Journal of Gastroenterology, 25:1034-1040, 1990

Capogrossi M, Piccardo A, Amicucci G, Rodia ME, Balbi G, Fanini AM. Impiego

dells S-adenosyl-L-methionine (SAMe) nel trattamento del coma di diversa genesi

-1o4-
,



$ References
,

(intossicazione acuta da neurodeprimenti, insufficienza renale). Atti e Memorie

dells Societa Medics del Lazio, 3:1-14, 1983

Caro LE, Bruch IE, Findor J. Cirrosis biliar primaria (CBP). Tratamiento con S-

Adenosyl-L-methionine (SAMe). Acts Gastroenterologia Latinoamericana, 17:161,

1987. Abstract

Carubbi F, Concari M, Guicciardi ME, Divincenzo A Bozzoli M, Varulli N. Bile salt

toxicity is reduced by ursodeoxycholic acid (UDCA), S-adenosyl-L-methionine

(SAMe) and cholesterol availability in cell culture. Hematology. 22 (4), 400A, 1995

Casini A, Banchetti E, Milani S, Maggioni Moratti E, Surrenti C.

S-Adenosylmethionine inhibits collagen synthesis by human fibroblasts in vitro.

Methods and Findings in Experimental Clinical Pharmacology 11(5): 331-334,

1989

Castillo T, Koop DR, Kamimura S, Triadafilopoulos G, Tsukamoto H. Role of

cytochrome P-450 2E1 in ethanol-, carbon tetrachloride- and iron-dependen

microsomal lipid peroxidation. Hematology. 16:992-996, 1992

Catalino F, Scarponi S, Cesa F, Loiacono G, Bortolini M. Efficacy and safety of

intravenous S-Adenosyl-L-methionine therapy in the management of intrahepatic

cholestasis of pregnancy. Drug investigation 4 (4): 78-82, 1992

Chawla RK, Bonkovsky HL, Galambos JT. Biochemistry and pharmacology of

S-adenosyl-methionine and rationale for its use in liver disease. Drugs, 40 (Suppl.

3): 91-110, 1990

Chawla RK, Lewis FW, Kutner MH, Bate DM, Roy RGB et al. Plasma cysteine,

cystine, and glutathione in cirrhosis. Gastroenterology, 87:770-776, 1984

Chawla R~ Jones DP. Abnormal metabolism of S-adenosyl-L-methionine in the

hypoxic rat liver. Similarities to its abnormal metabolism in alcoholic cirrhosis.

Biochimica et Biophysics Acts 1199:45-51, 1994

Chawla R, Hill D, Watson CE, McClain CJ. S-Adenosylmethionine (Sam) deficiency

and TNF hepatotoxicity. Hematology. 22 (4), 379A, 1995 abstract

Christensen E, Gluud C. Glucocorticoids are ineffective in alcoholic hepatitis: a

meta-analysis adjusting for confounding variables, Gut. 37:113-118, 1995



Cibin M, Gentile N, Ferri M, Canton G, Gallimberti L. S-adenosylmethionine (SAMe)

is effective in reducing ethanol abuse in an outpatient program for alcoholics. In

Kuriyama et al. (Eds) Biomedical and social aspects of alcohol and alcoholism, pp.

357-360, Elsevier Science Publishers B.V., 1988

Corm HO, Lieberthal MM. Methionine and mercaptans. In: The hepatic coma

syndromes and Iactulose. Baltimore: \4(il!iams and Wilkins, 86, 1979

Cooper AJL. Biochemistry of sulfur-containing amino acids. Annual Review of

Biochemistry, 52:187-222, 1983

Corrales F, Cabrero C, Pajares MA, Ortiz P, Martin-Duce A, et al. Inactivation and

dissociation of S-adenosylmethionine synthetase by modification of sulfhydryl

groups and its possible occurrence in cirrhosis. Hematology, 11:216-222, 1990

Corrales F, Gimer)ez A, Alvarez L, Caballeria J, Pajares MA, et al.
S-adenosylmethionine treatment prevents CC14-induced S-adenosylmethionine

synthetase inactivation and attenuates liver injury. Hematology, 16: 1022-1027,

1992a

Corrales F, Ochoa P, Rivas C, Martin-Lomas M, Mato J et al. Inhibition of

glutathione synthesis in the liver leads to S-adenosyl-Lmethionine synthetase

reduction. Hematology, 14:528-533, 1991 a

Corrales F, Pajares M, Pliego M, Ortiz P, Moreno J, et al. Effect of

S-adenosylmethionine treatment on methionine intolerance in alcoholic cirrhosis.

Journal of Hematology 13 (2): S111, 1991 b. Abstract

Corrales F, Puerta J, Moreno J, Ortiz P, Martin-Duce A et al. Methionine intolerance

in alcoholic cirrhosis: effects of S-adenosyl-L-methionine treatment. Preceding of

the work shop “Methionine metabolism. Molecular mechanism and clinical

implication” Sierra Nevada (Spain) pp 227-232 April 15-19, 1992b

Cuomo R, Rodino S, Rizzoli R, Simoni P, Roda E, et al. Bile and biliary lipid

secretionin rats witti hexachlorobenzene-induced porphyria. Effect of S-adenosy14-

methionine administration. Journal of Hematology, 12:87-93, 1991

Cutrin C, Menino MJ, Otero X, Miguez J, Perez-Becerra E, Barrio E. Effect of
nifedipine and S-adenosylmethionine in the liver of rats treated with CC14 and

ethanol for one month. Life Sciences, 51:113-118, 1992a

-106-



f
References

,

Cutrin C, Menino MJ, Plazo JA, Perez-Bercerra E, Sande L, Barrio E. S-

adenosylmethionine and steatosis in an experimental model of toxic liver injury in

rats treated with carbon tetrachloride and ethanol. Medical Science Research 20:

943-944, 1992b

De Caprio M, Carbone C, Cerotto GM, Corbosiero L, Vitale A. Studio SUI

comportamento dell’ammoniemia in torso di trattamento con S-Adenosil-L-

Metionina di epatopatici cronici iperammoniemici, La Clinics Terapeutica, 92:587-

602, 1980

Desmet VJ. Alcoholic liver disease. Histological features and evolution. Acts

Medicine Scandinavian. 703:111-126, 1985

Devi GB, Henderson Gl, Frosto TA et al. Effect of ehtanol on rat fetal hepatocytes:

studies on cell replication, lipid peroxidation and glutathione. Hematology 18:648-

659, 1993

Di Nola. Double-blind, randomized, placebo-controlled study on safety and efficacy

of oral S-adenosyl-L-methionine (SAMe) in the treatment of acute type B viral

hepatitis. December, 1992

Di Padova C. S-adenosylmethionine in the treatment of osteoarthritis: review of the

clinical studies. The American Journal of Medicine, 83 (5A): 60-65, 1987

Di Padova C, Boissard G. Ademetionine in the treatment of intrahepatic cholestasis

in chronic liver disease - Factor predicting better response. Data on Knoll

Farmaceutici file, 1996

Di Padova C, Di Padova F, Tritapepe R, Stramentinoli G. S-Adenosyl-L-methionine

protection against alfa-naphthyl-isothiocyanate-induced cholestasis in the rat.

Toxicology Letters, 29:131-136, 1985

Di Padova C, Tritapepe n Di Padova F, Frezza M, Stramentinoli G. S-adenosyl-L-

methionine antagonizes oral contraceptive-induced bile cholesterol

supersaturation in healthy women: preliminary report of a controlled randomized

trial. American Journal of Gastroenterology, 79:941-944, 1984a

Di Padova C, Tritapepe R, Rovagnati P, Pozzoli M, Stramentinoli G. Decreased

blood levels of ethanol and acetaldehyde by S-adenosyl-L-methionine in humans.

Archives of Toxicology, (7): 240-242, 1984b



Dunne JB, Davenport M, Piratvisuth T et al. Donor pre-treatment is essential for

maximal benefit of S-adenosyl-L-methionine in reducung experimental hepatic

ischaemic injury. Hematology 18: 64A, 1993a

Dunne JB, Davenport M, Williams R et al. Benefit of S-adenosylmethionine after

sequential cold and warm hepatic eschaemic is derived from three separate

treatment stages. EAASL, Journal of Hematology 18: S66, 1993b

Dunne JB, Davenport M, Tredger JM et al. Evidence that S-adenosyl-L-methionine

and N-acetylcysteine reduce in injury from sequential cold and warm ischaemia in

the isolated penfused rat liver. Transplantation 57:1161-1168, 1994

“Dunne JB, Williams R, Tredger JM. Improving hepatic hemodynamic and excretory

function with S-adenosylmethionine: experimental evidence for its interactions with

purinoreceptors and nitric oxide production in ischaemiaheperfusion injury.

Hematology. 22 (4), 344A, 1995 abstract

Everson GT, Ahnen D, Harper PC, Krawitt EL. Benign recurrent intrahepatic

cholestasis: treatment with S-Adenosylrnethionine. Gastroenterology, 96: 1354-

1357,1989

Everson GT & Krawitt EL. Trial of S-Adenosyl-L-methionine in patients in two

families with cholestatic syndromes. Gastroenterology, 100:1784,1991

Feo F, Pascale R, Garcea R, Daino L, Pirisi L, et al. Effect of the variations of S-

adenosyl-L-methionine liver content on fat accumulation and ethanol metabolism in

ethanol- intoxicated rats. Toxicology and Applied Pharmacology, 83:331-341, 1986

Fernandez-Checa JC, Garcia-Ruiz C, Ookhtens M, Kaplowitz N. Impaired uptake of

glutathione by hepatic mitochondia from chronic ethanol-fed rats. J. Clin. Invest.

87:397-405.1991

Fernandez E, Munoz ME, Roman ID, Galan Al, Gonzalez-Buitrago JM, Jimenez R

Cyclosporin A-induced cholestasis in the rat: benefical effects of S-adenosyl-L-

methionine. Drug Investigation, 4 (4): 54-63, 1992

Fernandez E, Galan Al, Moran D, Gonzalez-Buitrago JM, Munoz ME, Jimenez R

Reversal of cyclosporine a-induced alterations in biliary secretion by S-adenosyl-L-

methionine in rats. The Journal of Pharmacology and Experimental Therapeutics.

275 (1):442-449, 1995

-108-
.



r
References

,

Filaci G, Pelli N, Ostuni G, Lanza L, Scudeletti M, Puppo F, Sacco T, Indiveri F.

Effects of S-adenosyl-L-methionine (SAMe) on proliferative and secretive

lymphocyte activities. Bile Acids and Immunology. Falk Symposium (86), 1995

Finkelstein JD, Kyle WE, Martin JJ, Pick A-M. Activation of cystathionine synthase

by adenosylmethionine and adenosylethionine. Biochemical Biophysical Research

Communications, 66:81-87, 1975

Finkelstein JD, Martin JJ. Inactivation of betaine-homocysteine methyltransferase

by adenosylmethionine and adenosylethionine. Biochemical Biophysical Research

Communications, 118:14-19, 1984

Frezza M, Centini G, Cammareri G, Le Grazie C, Di Padova C.

S-adenosylmethionine for the treatment of intrahepatic cholestasis of pregnancy.

Results of a controlled clinical trial. Hepato-gastroenterology, 37 (11):122-125,

1990a

Frezza M, Pozzato G, Chiesa L, Stramentinoli G, Di Padova C. Reversal of

intrahepatic cholestasis of pregnancy in women after high dose S-adenosyl-L-

methionine administration. Hematology, 4:274-278, 1984

Frezza M, Pozzato G, Pison G, Zalateo C, Chiesa L, et al. S-adenosylmethionine

counteracts oral contraceptive hepatotoxicity in women. American Journal of

Medical Sciences, 293:234-238, 1987

Frezza M, Surrenti C, Manzillo G, Fiaccadori F, Bortolini M, et al. Oral

S-adenosylmethionine in the symptomatic treatment of intrahepatic cholestasis. A

double-blind, placebo-controlled study. Gastroenterology, 99:211-215, 1990b

Frezza M, Tntapepe R, Pozzato G, Di Padova C. prevention by

S-adenosylmethionine of estrogen- induced hepatobiliary toxicity in susceptible

women. American journal of Gastroenterology, 83:1098-1102, 1988

Friedel HA, Goa KL and Benfield P. S-adenosyl-L-methionine. Review of its

pharmacological properties and therapeutic potential in liver disjunction and

affective disorders in relation to its physiological role in cell metabolism. Drugs, 38

(3): 389-416, 1989



Fricker G, Landmann

functional alterations

S-adenosylmethionine

Gahl WA, Bernardino 1,

L, Meier PJ. Ethinylestradiol (EE) induced structural and

of rat liver plasma membranes and their reversal by

(SAMe) in vitro. Hematology, 8:1224, 1988. Abstract

Finkelstein JD, Tangerman A, Martin JJ, Biom HJ, Mullen

KD, Mudd SH. Transsulfuration in an adult with hepatic methionine

Adenosyltransferase deficiency. The Journal of Clinical Investigation, 81:390-397,

1988

Gandin C, Angelico M, Nistri A, Baiocchi L, La Rosa T, et al. Biliary aminoacids and

bile salt conjugation patterns in cirrhotic patients: effect of S-Adenosyl-L-Methionine

(SAMe) administration. Italian Journal of Gastroenterology, 24 (1): 3,-1992. Abstract

Garcia-Ruiz C, Morales A, Ballesta A, Rodes J, Kaplowitz N, Fernandez-Checa JC.

Feeding S-adenosyl-L-methionine attenuates both ethanol-induced depletion of

mitochondriall glutathione and mitochondrial dysfunction in periportal and

perivenous rat hepatocytes. Hematology 21:207-214, 1995

Gassd M, Caballeria J, Cabre M et al. Influence of S-adenosyl-L-methionine
(SAMe) on lipid peroxidation and liver fibrogenesis in CC14-induced cirrhosis.

BASL, Journal of Hematology 21: S3, 1994

Gentile S, Marmo R, Persico M, Bronzino P, Coltorti M. Plasma clearance of

nicotinic acid and nfamycin SV and their interaction in Gilbert’s Syndrome:

application of a compartmental model. Hepato-gastroenterology, 31:72-75,1984

Gentile S, Persico M, Orlando C, Le Grazie C, Di Padova C, et al. Effect of different

doses of S-adenosyl-L-methionine (SAMe) on nicotinic’- acid-induced

hyperbilirubinaemia in Gilbert’s syndrome. Scandinavian Journal of Clinical and

Laboratory Investigation, 48:525-529, 1988

Gentile S, Persico M, Orlando C, Le Grazie C, Di Padova C, et al. Age-associated

decline of hepatic handling of cholephilic anions in humans is reverted by

S-adenosylmethionine (SAMe). Scandinavian Journal of Clinical and Laboratory

Investigation, 50:565-571, 1990

Giannuoli G, Tine F, Malizia G, Saracco G, Verme G, et al. S-adenosylmethionine

for treatment of pruntus in compensated chronic liver disease. A pilot study.

Hematology, 6:1110, 1986 Abstract

-llo-



References
*

Giudici G, Manzillo G, Piccinino F, Surrenti C, Frezza M. Double-blind placebo-

controlled study with parenteral and oral S-adenosyl-L-methionine in primaty

biliary cirrhosis. Proceedings of the meeting “Fat storing cells and liver fibrosis”,

Florence (Italy), July 1-3, 1993

Gluud C, Henriksen JH, Nielsen G et al. Prognostic indicators in alcoholic cirrhotic

men. Hematology. 8 (2):222-227, 1988

Hardison WGM. Hepatic taurine concentration and dietaty taurine as regulations of

bile acid conjugation with taurine. Gastroenterology, 75:71-75, 1978

Heaton KW. Bile salts. In: Wright R Millward-sadles GH, Alberti KGMM and Karran

S eds. Liver and biliary disease. Bailliere tindall, Eastbourne (UK) 1985

Hill DB, Marsano L, Cohen D, Allen J, Shedlofsky S, McClain JC. Increased plasma

interleukin-6 concentrations in alcoholic hepatitis. J Lab Clin Med. 119:547-552,

1992

Hirano T, Kaplowitz N, Tsukamoto H, Kamimura S, Fernandez-Checa JC. Hepatic

mitochondrial glutathione depletion and progression of experimental alcoholic liver

disease in rats. Hepatology,l 6:1423-1427, 1992

Hirata F, Axelrod J. Phospholipid methylation and biological signal transmission.

Science, 209:1082-1090, 1980

Hirata F, Viveros OH, Diliberto EJ, Axelrod J. Identification and properties of two

met hylt ransferases in conversion of phosphatidylethanolamine to

phosphatidylcholine. Proceedings of the National Academy of Sciences, 78:1718-

1721, 1978

Hislop WS, Bouchier IAD, AlIan JG, Brunt PW, Eastwood M, Finlayson NDC, James

O, Russell Rl, Watkinson. Alcoholic liver disease in Scotland and Northeastern

England: Presenting features in 510 patients. Quarterly Journal of Medicine. New

series L1l. 206:232-243, 1983

Hoffmann AF, Roda A. Physico-chemical properties of bile acids and their

relationship to biological properties: an overview of the problem. Journal of lipid

Research 251:1477-1489, 1984



Horowitz JH, Rypins EB, Henderson JM, Heymsfield SB, Moffitt SD, et al. Evidence

for impairment of transsulfuration pathway in cirrhosis. Gastroenterology, 81:668-

675, 1981

Iemmolo RM, Fabris L, Strazzabasco M, Crepaldi G. Intrahepatic cholestasis in

biliary cirrhosis secondary to graft versus host disease (GVHD): report of a case

treated with Ademetionine (SAMe). Journal of Hematology 18 (l): S132, 1993

Abstract

Israel Y, Speisky H, Lanca AJ et al. Metabolism of hepatic glutathione and its

relevance in alcoholic indited liver damage. In: Cellular and molecular aspects of

cieehosis. Clement B, Guillouzo A (Eds). Colloque INSERM, John Libbery Eurotext

Ltd. 216: pp. 25-37, 1992

Jaeschke H, Mitchell JR. Use of isolated perfused organs in hypoxia and

ischemiaheperfusion oxidant stress. Methods Enzymol., 186:752-759, 1990

Jim6nez R, Gonzhlez-Buitrago JM, Munoz ME, Rom4n ID, Gal~n Al, et al.

Evaluation of the protective role of S-adenosyl-l-methionine (SAMe) against

cyclosporine A-induced hepatotoxicity in rat. Journal of Hematology, 13: S134, 1991

Abstract

Jover R, Ponsoda X, Fabra R, Trullenque R,

S-adenosyl-L-methionine prevents intracellular

depleting drugs in rat and human hepatocytes.

1992

Gomez-Lechon MJ, Castell JV.

glutathione depletion by GSH-

Drug Investigation 4 (4): 46-53,

Jorge A, Milutin C. Accion del SAMe en Ias colestasis

Gastroenterologia Latinoamericana 17:158,1987. Abstract

Kakimoto H, Kawata S, lmai Y, Inada M, Matsuzaway et

intrahepaticas.

al. Changes in

Acts

lipid

composition of erythrocyte membranes with administration of S-adenosyl-L-

methionine in chronic liver disease. Gastroenterologia Japonica, 27:508-513, 1992

Kaye GL, Blake JC, Burroughs AK. Metabolism of exogenous S-adenosyl-L-

methionine in patients with liver disease. Drugs, 40 (3): 124-128, 1990

Kamimura S, Gaal K, Britton RS, Bacon BR, Triadafilopoulos G, Tsukamoto H.

Increased 4-hydroxynonenal levels in experimental alcoholic liver disease:

-112-
.

J



f References
.

association of lipid peroxidation with liver fibrogenesis. Hematology. 16:448-456,

1992

Kato S, Kawase T, Alderman J, Inatomi N, Lieber C. Role of xanthine oxidase in

ethanol-induced lipid peroxidation in rats. Gastroenterology. 98:203-210, 1990

Khoruts A, Stahnke L, McClain CJ, Logan G, Allen JL. Circulating tumor necrosis

factor, interleukin-1 and interleukin-6 concentration in chronic alcoholic patients.

Hematology. 13:267-276, 1991

Kokuryu H, Fukuda Y et al. The effect of S-adenosyl-L-methinine on LEC rats.

Proceedings of the Liver Study meeting, Tokyo, Japan, 1992 Abstract

Lafuenti G, Plotti G, Nicolanti G, Caruso A, Tibollo FG, et al. Valutazione delle

modificazioni di parametri clinici e biochimici in gravide con colestasi in terapia con

S-adenosyl-L-methionine per OS. Giornale Italiano di Ostetricia e Ginecologia, 5:

357-361, 1988

Larrauri A, Castell JV, Garrido G, Berenguer J, Gomez-Lechon MJ. S-Adenosyl-L-

Methionine reverses the cholestatic effect of ethinylestradiol in rat hepatocytes by

increasing its catabolism. Cell Biology and Toxicology, 8:13-26, 1992.

Lauterburg BH, Velez ME. Glutathione deficiency in alcoholics: risk factor for

paracetamol hepatotoxicity. Gut, 29:1153-1157, 1988

Lieber CS. Alcohol and the liver. In: Fat-storing cells and liver fibrosis. Surrenti C,

Casini A, Mialni S, ot al. (Eds), Kluwer Academic Publishers, Lancaster, UK, pp.

135-166, 1994

Lieber CS. Biochemical factors in alcoholic liver disease. Seminars in Liver

disease, 13:136-153, 1993

Lieber CS, Casini A, De Carli LM, Kim C-1, Lower N, et al. S-adenosyl-L-methionine

attenuates alcohol-induced liver injury in the baboon. Hematology, 11: 165-172,

1990a

Lieber CS, Williams R. Recent advances in the treatment of liver diseases. Drug, 40

(3): 1-138, 1990b



Loguercio C, Nardi G, Argenzio F et ‘al. Effect of S-adendsyl-L-methionine

administrationon red blood cell cysteine and glutathione levels in alcoholic patients

with and without liver disease. Alcohol & alcoholism 29:597-604, 1994

Lucas R, Moran D, Fernandez E et al. Ability of S-adenosyl-L-methionine (SAMe) to

antagonize cyclosporine a-induced inhibition of the biliary excretion of glutathione.

EASL, Journal of Hematology 21:587, 1994. Abstract

McClain C, Hill D, Schmidt J, Mae Diehl A. Cytokines and alcoholic liver disease.

Seminars in Liver Disease. 13 (2):170, 1993

Maddrey WC, Boitnott JK, Bedine MS, Weber FL, Mezey E. Cotlicosteroid therapy

of alcoholic hepatitis. Gastroenterology. 75 (2) 193-199, 1978

Manzillo G, Piccinino F, Surrenti C, Frezza M, Giudici GA et al. Multicenter, double-

blind, placebo-controlled study of intravenous and oral S-Adenosylmethlonine

cholestatic patients with liver disease. Drug Investigation 4 (4): 90-100, 1992

Marbet UA, Bianchi L, Meury U, Staider GA. Long-term

the natural history and prognostic factors of alcoholic

Hematology. 4:364-372, 1987

histological evaluation

liver disease. Journal

in

of

of

Marchesini G, Bugianesi E, Bianchi G, Fabbri A, Marchi et al. Defective methionine

metabolism in cirrhosis: relation to severity of liver disease. Hematology, 16: 149-

155 1992a.

Marchesini G, Bugianesi E, Bianchi G, Fabbri A, Marchi E, et al. Effect of

S-adenosyl-L-methionine administration on plasma levels of sulfur-containing

amino acids in patients with liver cirrhosis. Clinical Nutrition, 11:303-308, 1992b

Martin Duce A, Ortiz P, Cabrero C, Mato JM. S-Adenosyl-L-methionine synthetase

and phospholipid methyltransferase are inhibited in human cirrhosis. Hematology,

8:65-68, 1988

Mascio G, De Filippis G, Bortolini M. Intramuscular (IM) and intravenous (IV)

S-adenosylmethionine 1,4 butanedisulfonate (SAMe SD4) for the symptomatic

treatment of intrahepatic cholestasis (IHC). Results of a placebo-controlled study.

Italian Journal of Gastroenterology, 23:314-315, 1991 Abstract

-114-
,

1



t References
,

Mato JM, Alvarez L, Mingorance J et al. S-adenosylmethionine and the liver. In Falk

Symposium 71. Fat-storing cells and liver fibrosis. Surrenti C, Casini A, Milani Set

al. (Eds), Kluwer Academic Publishers, Lancaster, UK, pp. 304-313, 1994

Mathurin P, Vidaud D, Vidaud M, Bedossa P, Paradis V, Ratziu V, Chaput JC,

Poynard T. Quantification of apolipoprotein A-1 and B Messenger RNA in heavt

drinkers accordint to liver disease. Hematology. 23:44-51, 1996

Mezey E. Alcoholic Liver Disease. Progress in Liver Disease.32:555-571, 1982

Micali M, Chiti D, Balestra V. Double-blind controlled clinical trial of SAMe

administered orally in chronic liver diseases. Current Therapeutic Research, 33:

1004-1013, 1983

Moss AH, Siegler M. Should alcoholics compete equally for liver transplantation?

JAM. 265 (10):1295-”1298, 1991

Mudd SM, Poole JR. Labile methyl balances for normal humans on various dietary

regimes. Metabolism, 24:721-735, 1975

Muriel P, Mourelle M. Characterization of membrane fraction lipid composition and

function of cirrhotic rat liver. Role of S-adenosyl-l-methionine. Journal of

Hematology, 14:16-21, 1992

Muriel P, Suarez OR, Gonzales P, et al. Protective effect of S-adenosyl-L-

methionine on liver damage induced by biliary obstruction in rats: a histological

ultrastructural and biochemical approach. Journal of Hematology 21:95-102, 1994

Naccarato R, Fannati F. Hepatocellular carcinoma, alcohol and cirrhosis: facts and

hypotheses. Digestive Disease and Sciences. 36(8):1 137-1142, 1991

Nakano M, Werner TM, Lieber CS. Perivenular Fibrosis in Alcholich liver injuri:

ultrastructure and histologic progression. Gastroenterology, 83, 777-785, 1982

Nanno T, Adachi Y, Takahashi H, Yamashita M, Kobayashi H, et al. Effect of

S-adenosyl-L-methionine (SAMe) on experimental intrahepatic cholestasis.

Proceedings Japan Society of Clinical Biochemistry and Metabolism, 24: 18-19,

1987

Ockner RK Schmid R. Acquired porphyria in man and rat due to

hexacholorobenzene intoxication. Nature, 189:489, 1961



Ortiz P, Martin Duce A, Cabrero C. Phospholipid methylation and

S-adenosylmethionine synthesis in human liver cirrhosis. Cell Biology Reviews,

S1 :59-66, 1987

Ortiz P, Moreno J, Puerta JL et al. S-adenosyl-L-methionine and the liver. The

Italian Journal of Gastroenterology 25:135-137, 1993

Osada J, Aylagas H, Palacios-Alaiz E. Effects of S-adenosyI-L-methionine on

phospholipid methyltransferase activity changes induced by thioacetamide.

Biochemical Pharmacology, 40:648-651, 1990

Osada J, Aylagas H, Sanchez-Vegaza 1,et al. Effect of S-adenosyl-L-methionine on

thioacetamide-i nduced liver damage in rats. Toxicology Letters, 32:97-1061986.

Owen JS, Bruckdorfer KR, Day RC, McIntyre N. Decreased erythrocyte membrane

fluidity and altered lipid composition in human liver disease. Journal of Lipid

Research, 23:124-132, 1982

Paredes SR, Kozicki PA, Bathe AM Del C. S-adenosyl-L-methionine a counter to

lead intoxication? Comparative Biochemistry and Physiology, 82B: 751-757, 1985

Pascale R, Daino L, Garcea R, Frassetto S, Ruggiu ME, et al. Inhibition by ethanol

of rat liver plasmamembrane””( Na+ K+) ATP ase. Protective effect of S-adenosyl-L-

methionine, L-methionine and N-acetylcysteine. Toxicology and Applied

Pharmacology, 97:216-229, 1989

Pajares MA, Corrales F, Duran C et al. Hypothesis. How is rat liver S-adenosyl-L-

methionine synthetase regulated? FEBS Letters 309:1-4, 1992a

Pajares MA, Duran C, Corrales F et al. Modulation of rat liver

S-adenosylmethionine synthetase activity by glutathione. The Journal of Biological

Chemistry 267:17598-17605, 1992b

Pastor A, Collado PS, Almar M, Gonzalez-Gallego. Microsomal function in biliary

obstructed rats: effects of S-adenosylmethionine. Hematology. 24:353-359, 1996

Persico M, Gentile S, Coltorti M. Is rifamycin - SV (R-SV) load a reliable index of

hepatic function in chronic liver disease (CLD)? Gastroenterology, 98 (2):

A620,1 990a. Abstract

-116-
,



r
References

,

Persico M, Gentile S, Di Padova C, Le Grazie C, Coltorti M. S-adenosylmethionine

(SAMe)- induced improvement of hepatic handling or organic anions in cirrhosis.

Gastroenterology 98: (2): A620, 1990b. Abstract

Persico M, Romano M, Villano N, Montanella F, Gentile S. The association between

Rifamycin-SV (R-SV) related hyperbilirubinaemia and antipyrine clearance as a

new test of liver function in cirrhosis. European Journal of Clinical Investigation, 24:

201-204, 1994

Pezzoli C, Fiorini RM, Curatola G, Stramentinoli G. S-adenosylmethionine protects

against erythrocyte membrane alterations induced in rabbits by cholesterol-rich

diet. Pharmacological Research Communications, 15:785-795, 1983

Pezzoli C, Bortolini M, Galli-Kienle M. Anti-ischemic activity of

S-adenosylmethionine (Ade-SD4) in liver injury induced by ischemiakeperfusion

(l/R), Hematology, 14: 160A, 1991 Abstract

Phear EA, Ruebner 6, Sherlock S, Sunnerskili WHJ. Methionine toxicity in the liver

disease and its prevention by chlortetracycline. Clinical Science, 15:93-117, 1956

Piccinino F, Sagnelli E, Pasquale G, Giusti G. S-adenosyl-methionine in patients

with chronic active hepatitis treated with steroids. Italian Journal of

Gastroenterology, 14:186-188, 1982

Pisi E, Marchesini G. Mechanisms and consequences of the impaired

transsulfuration pathway in liver disease: Part Il. Clinical consequences and

potential for pharmacological intemention in cirrhosis. Drugs, 40 (3): 65-72, 1990.

Placidi GF, Fornaro P, Guarneri M, Stramentinoli G. Localization of S-[methyl-

1‘@]adenosyl-L-methionine in pregnant mice and fetuses as determined by

autoradiography. European Journal of Drug Metabolism and Pharmacokinetics, 3:

157-161, 1979.

Placidi GF, Stramentinoli G, Pezzoli C and Cassano GB. Distribution of S-adenosyi-

L-[methyl-l 4C]methionine in animals. Arzneimitted Forshung 27 (11): 1680-1684,

1977

Poynard T, Abella A, Pignon JP, Naveau S, Leluc R, Chaput JC. Apolipoprotein A

and alcoholic liver disease. Hematology. 6:1391-1395, 1986



Poynard T, Aubert A, Bedossa P, Abella A, Naveau S, Paraf F, Chaput JC. A simple

biological index for detection of alcoholic liver disease in drinkers.

Gastroenterology. 100:1397-1402, 1991

Ponsoda X, Jover R, Gomez-Lechon MJ, Castell JV. Intracellular glutathione in

human hepatocytes incubated with S-adenosyl-L-methionine and GSH-depleting

drugs. Toxicology, 70:293-302, 1991

Popper H, CS Lieber. Histogenesis of alcoholic fibrosis and cirrhosis in the baboon.

American Journal Pathology. 98:695-716, 1980

Rafique S, Gardascione M, Burroughs AK Owen IS. S-adenosylmethionine in the

treatment of benign recurrent intrahepatic cholestasis. European Journal of Clinical

Investigation 21 (2): 156A,1 991. Abstract

Rafique S, Guardascione M, Imai Y, Burroughs AK, Owen JS. Plasma membrane

lipid abnormalities and cellular dysfunction in liver disease and the protective role

of S-adenosyl-L-methioni ne. In: Rodes J, Arroyo V (Eds). Therapy in liver diseases.

Ediciones Doyma, Spain: 374-382, 1992

Reichen J. Pharmacology treatment of cholestasis. Seminars in liver disease 13 (3):

302-315, 1993

Ribalta J, Reyes H, Gonzalez MC, Iglesias J, Arrese M, et al. S-adenosyl-L-

methionine in the treatment of patients with intrahepatic cholestasis of pregnancy: a

randomized, double-blind, placebo- controlled study with negative results.

Hematology, 13:1084-1089, 1991

Roda E, Cipolla A, Villanova N, Mazzella” G, Cerrb C et al. Effects of ademetionine

(SAMe) and UDCA on bile acid metabolism and bile acid pool size in primary

biliary cirrhosis. Proceedings of the Falk Symposium 71 “Fat storing cells and liver

fibrosis”. Florence (Italy) pp 354-360, July 1-3, 1993

Roda E, Roda A, Le Grazie C. Effect of oral Ademetionine (SAMe) on bile acid

metabolism in primary biliary cirrhosis (PBC). European Journal of Ciinical

Investigation, 22 (4): A 19, 1992 Abstract

Roman ID, Johnson G, Coleman R. S-Adenosyl-L-methionine prevents disruption of

canalicular function and pericanalicular cytoskeleton integrity caused by

-118-
,



1 References

,

cyclosphorine A. in isolated rat hepatocyte couplets. Abstract accepted for

presentation of the Congress of Physiology (Salamanca, Spain) 1995.

San Martin de Viale LC, Rios de Molina MC, Wainstock del Calmanovici R, Tomio

JM. Porphyrins and porphyrinogen carboxylase in hexachlorobenzene-induced

porphyria. Biochemical Journal, 168:393-400, 1977

Schaffner F. Cholestasis. In: Millward-Sadler GH, Wright R, Arthur MJP (Eds). Liver

and Biliary Disease. Pathophysiology, diagnosis and management. WB Sauders

Co. Ltd. London: 371-396, 1992

Schenker S. Alcoholic liver disease: evaluation of natural history and prognostic

factors. Hematology. 4(1 ):36 S-43S, 1984

Schenker S, Halff GA. Nutritional therapy in alcoholic liver disease. Seminars in

liver disease, 13:196-209, 1993

Schlenk F, Zydek CK. the action of adenosine deaminase on

S-adenosylhomocysteine and related compounds. Biochemical Biophysical

Research Communications, 31:427-432, 1968

Schreiber AJ, Simon FR. Estrogen-induced cholestasis: clues to pathogenesis and

treatment. Hematology, 3:607-613, 1983a

Schreiber AJ, Warren G, Sutherland E, Simon FR. S-adenosylmethionine (SAMe)-

induced cytoprotection against bile acid-induced cholestasis. Gastroenterology, 84:

1395, 1983b Abstract

Schulter A, Solis - Herruzo Ja, Moscaat J, Fernandez - Checa JC, Municio AM. The

fluidity of liver plasma membranes from patients with different types of liver injury.

Hematology, 6:714-717, 1986

Selhub J, Miller JW. The pathogenesis of homocysteinemia: interruption of

coordinate regulation by S-adenosylmethionine of the remethylation and

transsulfuration of homocisteine. The American Journal of Clinical Nutrition 55:

131-138, 1992

Shaw S, Jayatilleke E, Ross WA, Gordon ER, Lierber CS. Ethanol-induced lipid

peroxidation: potentiation by long-term alcohol feeding and attenuation by

methionine. J. Lab. Clin. Med. 98:417, 1981

110



Shaw S, Jayatilleke E. The role of aldehyde oxidase in ethanol-induced hepatic

lipid peroxidation in the rat. Biochem. J. 268:579-583, 1990

Sherlock S. Cholestasis. In: Scherlock S. (Eds). Diseases at the liver and biliary

system. Vlll Eds. Blockwell Scientific Publications, Oxford: 248-272, 1989

Simon FR. Effects of estrogens on the liver. Gastroenterology, 75:512-514, 1978

Simon FR, Alexander A, lwahashi M. Liver plasma membrane fluidity differentially

regulates hepatic transport processes. Hematology, 12:1001, 1990. Abstract

Smith DJ, Gordon ER. Membrane fluidity and cholestasis. Journal of Hematology, 5:

362365, 1987

Sorensen T, Bentsen KD, Eghae, Orholm M, Hayhye G, Christoffersen P.

Prospective evaluation of alcohol abuse and alcoholic liver injury in men as

predictors of development of cirrhosis. The Lancet, :8397, 1984

Speisky H, MacDonald A, Giles G, Orrego H, Israel Y. Increased loss and

decreased synthesis of hepatic glutathione after acute ethanol administration.

Biochem. J. 225:565-572, 1985

Starzl TE, Demetris AJ, Van Thiel D. Liver Transplantation. New England Journal of

Medicine, 321:1014-1022, 1989

Stramentinoli G. Adomet as a drug: pharrnacokinetic and pharmacological aspects.

In Borchardt et al. (Eds) Biological methylation and drug design, pp. 315-326, The

Humana Press, Clifton, New Jersey, 1986a

Stramentinoli G. Modulation of membrane fluidity by S-adenosylmethionine

treatment in different experimental conditions. In Mato (Ed.) 1st Conference on

Biochemical Pharmacological and Clinical Aspects of Transmethylation, pp. 97-

104, Spain, 1986b

Stramentinoli G. Various pharmacological aspects of S-adenosylmethionine: an

overview. Cell Biology Reviews, S1: 67-80, 1987a

Stramentinoli G. Pharmacological aspects of S-adenosylmethionine:

pharmacokinetics and pharmacodynamics. American Journal of Medicine, 83 (5A):

35-42, 1987b

-120-
,



%
References

,

Stramentinoli G, Catto E. Pharmacokinetic studies of S-adenosyl-L-methionine

(SAMe)in several animal species. Pharmacological Research Communications,8:

211-218, 1976

Stramentinoli G, Di Padova C, Gualano M, Rovagnati P, Galli-Kienle M.

Ethynylestradiol-induced impairment of bile secretion in the rat: protective effects of

S-adenosyl-L-methionine and its implication in estrogen metabolism.

Gastroenterology, 80:154-158, 1981

Stramentinoli G, Gualano M, Galli-Kienle M.lntestinal absorption of S-adenosyl-L-

methionine. Journal of Pharmacology and Experimental Therapeutics, 209: 323-

326, 1979a

Stramentinoli G, Gualano M, Ideo G. Protective role of S-adenosyl-L-methionine on

liver injury induced by D-galactosamine in rats. Biochemical Pharmacology, 27:

1431-1433, 1978

Stramentinoli G, Pezzoli C, GalIi-Kienle M. Protective role of S-adenosyl-L-

methionine against acetaminophen induced mortality and hepatotoxicity in mice.

Biochemical Pharmacology, 28:3567-3571, 1979b

Teli RM, Day CP, Burt AD, Bennet MK, James OFW. Determinants of progression to

cirrhosis or fibrosis in pure alcoholic fatty liver. The Lancet. 346:987-990,1995

Theodossi A, Feddleston ALW, Williams R Controlled trial of methylprednisolone

therapy in severe acute alcoholic hepatitis. Gut. 23:75-79, 1982

Thorn H, Bortolini M, Galli-Kienle M. Anti-ischaemic activity of S-adenosyl-L-

methionine (SAMe) during hypoxia.keoxygenation in the isolated perfused rat liver.

Drug Investigation 4 (4): 64-68, 1992

Torta R, Zanalda E, Rocca P, Ravizza L. Inhibitory activity of S-adenosyl-L-

methionine on serum gamma-glutamyl-transpeptidase increase induced by

psychodrugs and anticonvulsants. Current Therapeutic Research, 44: 144-159,

1988

Tracy TF, Bailey PV, Goerke ME, Sotilo-Avila BAC, Weber TR. Cholestasis without

cirrhosis alters regulatory liver gene expression and inhibits hepatic regeneration.

Surgery, 110:176-183, 1991

,..



Traver J, Varela 1, Mato JL, Effect

phosphatidylcholine synthesis by

Pharmacology 33: 1562-1564, 1984

of exogenous S-adenosyl-L-methionine on

isolated rat hepatocytes. Biochemical

Trespi E, Vigoni R, Matti C, Broglia F, Raspagliesi S, Bottani L, Epatopatia alcoolica

non cirrotica: efficacia terapeutica degli acidi biliari e dells S-Adenosil-L-

Metionina.La Presse Medicate. 5 (XII) :109, 1995

Tsuji M, Kodama K, Oguchi K. Protective effects of S-adenosyl-L-methionine

against enzyme leakage from cultured hepatocytes and hypotonic hemolysis.

Japanese Journal of Pharmacology, 52:45-49, 1990a

Tsuji M, Kodama K, Oguchi K. Protective effect of S-adenosyl-L-methionine against

CC 14-induced hepatotoxicity in cultured hepatocytes. Japanese Journal of

Pharmacology 52:209-214, 1990b

Vara E, Arias-Diaz J, Garcia C

transplanted hepatocytes against

proceedings 26:3363-3365, 1994

Varela-Moreiras G, Alonso-Aperte

Caballeria J, Rod6s J, Mato MJ.

et al. S-adenosyl-L-methionine might protect

the toxic effects of cytokines. Transplantation

E, Rubio M, Gassb M, Deulofeu R, Alvarez L,

Carbon tetrachloride-induced hepatic injury is

associated with global DNA hypomethylation and homocysteinemia: effect of

S-Adenosylmethionine treatment. Hematology. 22:1310-1315, 1995

Vendemiale G, Altomare E, Altavilla R, Le Grazie C, Di Padova C, et al.

S-adenosylmethionine (SAMe) improves acetaminophen metabolism in cirrhotic

patients. Journal of Hematology, 9 (l): 5240, 1989a

Vendemiale G, Altomare E, Trizio T, Le Grazie C, Di Padova C, et al. Effects of oral

S-adenosyI-L-methionine on hepatic glutathione in patients with liver disease.

Scandinavian Journal of Gastroenterology, 24:407-415, 1989b

Villa JG, Almar MM, Collado PS, Llamazares E, Gonzales-Gallego J. Impairment of

bile secretion induced by exhaustive exercise in the rat. Protective effects of

S-adenosyl-L-methionine. International Journal of Sports Medicine 14(4): 179-184,

1993

Vore M. Estrogen cholestasis. Membranes, metabolizes, or receptors’?

Gastroenterology, 93:643-647, 1987

-122-



s
References

Weisiger RA, Pinkus LM, Jacoby WB. Thiol S-methyltransferase: suggested role in

detoxication of intestinal hydrogen sulfide. Biochemical Pharmacology, 39:2885-

2887, 1980

Wu J, Soderbergh H, Karlsson K, Danielson A. Protective effect of S-Adenosyl-L-

methionine on bromobenzene and D-galactosamine induced toxicity to isolated rat

hepatocytes. Hematology. 23:359-365, 1996

Yousef [M, Barnwell SG, Tuchweber B, Weber A, Roy CC. Effect of complete

sulfation of bile acids on bile formation in rats. Hematology, 7:535-542, 1987

Yousef IM, Mighault D, Tuchweber B. Effect of complete sulfation of bile acids on

bile formation: role of conjugation and number of sulfate groups. Hematology, 15:

438-445, 1992

Zeisel SM, Poole JR. Dietary intake of methionine: influence on brain S-

adenosylmethionine. In Usdin E, Boechardt RT, Greveling CR (Eds)

Transmethylation, pp 59-68, Elsevier/North-Holland, The Netherlands, 1979

Zieve L. The mechanism of hepatic hencephalopathy. Hematology, 1: 360-365,

1981

Zoli M, Cordini MR, Marchesini G, Leversa T, Morselli Labate AM, et al. Prognostic

indicators in compensated cirrhosis. American Journal of Gastroenterology, 86:

1508-1513, 1991



-124-

1


