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1H NMR methodology is described for the determination and characterization of the dietary supple-
ment S-adenosyl-l-lmethionine (SAM), recently introduced to the US market, utilizing a 400 MHz spec-
trometer without the need of pure reference standards. The developed methodology is able to assess
chemical structure, differentiate between biologically-active (S)-diastereomer and biologically-inactive
(R)-diastereomer, and determine the ratio of each in the dietry supplement formulation. The determina-
tion of the percentage of declared SAM was based on the integrals for the methyl proton of 2-methyl-
2-propanol served as an internal standard at d 1.24 and the methine proton H10 of SAM ribose ring at
d 6.06. The percentage of the active diastereomer was calculated from the relative intensities of the
sulfonium methyl singlets corresponding to the major component (S)-diastereomer at d 2.98 and the
minor (R)-counterpart at d 2.93. The accuracy was established by analyzing synthetic mixtures of the
analyte and the internal standard. Excellent agreement was verified between the assay results and the
quantities of analyte in the mixture. The mean � SD recovery values for SAM and its (R)-diastereomer
impurity from a set of 10 synthetic mixtures were 99.6 � 0.8% and 22.5 � 0.1%, respectively. Using
10 lots, the percentage of SAM ranged from 0 to 110.7% of the declared value and the percentage of
the active (S)-diastereomer ranged from 0 to 82.3%.

1. Introduction

S-Adenosyl-l-methionine (SAM), the only natural sulfo-
nium compound present in mammals, is normally manu-
factured by combining the essential amino acid methio-
nine with adenosyltriphosphate (ATP). It is an important
biological agent in the human body, participating in over
40 essential biochemical reactions of cellular functions
(Salvatore et al. 1977). It is involved in enzymatic trans-
methylations of lipids, proteins, RNA and DNA, in which
a methyl group is transferred from SAM to a wide variety

of methyl acceptors, the biosynthesis of aliphatic polyam-
ine and the trans-sulfuration reactions (Paik et al. 1975;
Giulidori et al. 1984; Prased et al. 1985). Immunological
effects (Chiang 1981) and cellular differentiation (Crooks
et al. 1979; Zimmerman et al. 1984) can be triggered by
perturbation of SAM metabolic pathways. Conversion of
methionine to SAM and an example of methylation pro-
cess are shown in the Scheme.
The well-established biomedical roles and pharmacologi-
cal effects of this sulfonium compound have rationalized a
great interest in its therapeutic use (Friedle et al. 1989). It
has been claimed that it prevents the reduction of phos-
pholipids methylation, maintains membrane fluidity, pro-
tects the liver against elusive agents and helps in depres-
sive syndromes and in osteoarthritis (Cimino et al. 1984;
Osman et al. 1993; Varela-Moreiras et al. 1995). It has
been reported that it participates in detoxification reactions
and in the synthesis of brain chemicals, antioxidants, joint
tissue structures, and many other important components
(Bottiglier et al. 1994; Chiang et al. 1996). It has been
documented that it plays an important role in the biochem-
istry connected with schizophrenia and depression (Fazio
et al. 1974; Bottiglier et al. 1982). It raises levels of
dopamine, an important neurotransmitter in mood regula-
tion (Fava et al. 1990), and higher levels in the brain are
associated with drug treatment of depression (Bell et al.
1994). In fact, it was found to be effective for depression
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in some (Kagan et al. 1990; Salmaggi et al. 1993; Bell
et al. 1994; Bressa 1994), though not all (De Vanna and
Rigamonti 1992; Fava et al. 1992; Fava et al. 1995), dou-
ble-blind studies. Also, it was reported that it possesses
anti-inflammatory and analgesic properties (Marcolongo
et al. 1985; Glorioso et al. 1985; Montrone et al. 1985;
Schumacher 1987; Harmand et al. 1987; Muller-Fassben-
der 1987; Vetter 1987; Maccagno 1987; Caruso and Pie-
trogrande 1987; Domljan et al. 1989; Konig et al. 1995).
SAM has shown a rapid increase in its use as a dietary
supplement since being introduced into the US market in
1999. In the US, it is marketed for improved mobility and
mood enhancement. However, it has a longer history in
other countries as a drug for the treatment of various liver
diseases, pain associated with arthritis, and depression.
SAM is available commercially as stable sulfate and p-
toluenesulfonate salts (Fiecchi 1976; Barabato et al. 1989).
The absolute configuration of the biologically active form
was designated as (S)-S- (Conforth et al. 1977), where the
designations refer to the alpha-carbon and the sulfur, re-
spectively.
Serious consequences for consumers are anticipated be-
cause of lack of quality assurance on dietary supplements.
Adulterations with prescription medicines, misidentifica-
tions and substitutions and false labeling are considered
some of the problems in SAM as dietary supplements.
Methods for quality assurance must be able to stereospecifi-
cally determine the active ingredient, its counter ions and
any possible related products. Various liquid chromato-
graphic methods have been used for the determination of
SAM in body fluids, tissues and solid form extracts. Some
are based on using ion-pair liquid chromatography com-
bined with ultraviolet detection (Wagner et al. 1986; Cools
et al. 1990; Perna et al. 1993; Balaghi et al. 1993; Perna
et al. 1995; She et al. 1995) and others based on the conver-
sion of SAM to the fluorescent derivatives before or after
column separation followed by fluorescence detection (Weir
et al. 1992; Loehrer et al. 1996a and 1996b; Loehrer et al.
1997; Loehrer et al. 1998). Ion-pair reagent in mobile phase
showed decrease in reproducibility of the methods. Fluores-
cence methods provided adequate sensitivity but have the
disadvantage of being very laborious and time-consuming.
SAM was also measured in trichloroacetate using electro-
chemical detection (Melnyk et al. 2000) and by stable-iso-
tope dilution and tandem mass spectrometry (Struys et al.
2000). Nuclear magnetic resonance spectroscopy for the
quantitative analysis of SAM in tablets with sodium tri-
methylsilylpropionate (TSP) as internal standard has been
described (Revelle et al. 1995). The method was based on
the measurement of the signals of the sulfonium methyl pro-
tons of SAM and that of the internal standard, sodium tri-
methylsilylpropionate-d4. The method suffered from at least
three drawbacks. First, integration of the relevant resonance
signal is not very accurate because of the close proximity of
this signal to that of g protons of the methionine side chain
of SAM which appeared as two sets of 6-line multiplets.
Second, TSP was a poor choice as internal standard because
it required 30 hours drying and applying a factor to correct
for water content. Third, it is well known that losses of TSP
from solution due to adsorption onto the walls of the NMR
tube (Larive et al. 1997) disqualify its use as internal stand-
ard for quantitative analysis. In addition, the method made
no provisions for structural assignments of SAM. The meth-
od described here could be used to achieve speed, accuracy
and simplicity for specific characterization and quantifica-
tion of SAM in commercial dietary supplement formula-
tions.

2. Investigations, results and discussion

All the proton resonances of SAM were assigned based
on chemical shift values, spin multiplicities and decou-
pling experiments. The assignments were facilitated by
comparing 1H NMR spectra of adenine, adenosine, and l-
methionine in D2O with that of SAM in D2O, (Figs. 1–4).
The a proton of the methionine side chain of SAM ap-
peared as a triplet at d 3.78 with Ja b ¼ 7.39 Hz, the b
protons come out as a quartet centered at d 2.33, and the
g protons emerged as two sets of 6-line multiplets cen-
tered at d 3.45 and d 3.67. Homonuclear decoupling of
the protons turned the b protons signal to a triplet with
Jbg ¼ 7.39 Hz, and the g protons resonance unchanged.
Irradiation of the b protons gave a singlet for the reso-
nance and an AB quartet with Jgg ¼ �11.19 Hz. This is
because the b protons are equivalent but the g protons,
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Fig. 1: 400 MHz 1H NMR spectrum of adenine hydrochloride in D2O

Fig. 2: 400 MHz 1H NMR spectrum of adenosine hydrochloride in D2O

Fig. 3: 400 MHz 1H NMR spectrum of L-methionine in D2O



next to the asymmetric sulfonium group, are nonequiva-
lent. Sulfonium methyl group protons emerged as a sharp
singlet at d 2.98. It is accompanied by a second smaller
upfield singlet at d 2.93, regardless of the commercial
source, was attributed to the S-methyl proton of the dia-
stereomer (R)-S-adenosyl-l-methionine. It cannot be due
to any known degradation product because this would ex-
hibit additional resonances which were not observed. The
samples of SAM used were stable at room temperature,
and the relative intensities of these two peaks for freshly
prepared samples did not change over the course of sev-
eral days. The ribose ring protons of SAM constituted a
six-spin ABKMNX system where A ¼ H500 , B ¼ H50 ,
K ¼ H40 , M ¼ H30 , N ¼ H20 , and X ¼ H10 . H10 appeared as
a doublet centered at d 6.06 with J1020 ¼ 6:2 Hz. H20 , H30 ,
and H40 signals were centered at d 4.8, d 4.30, and d
4.43, respectively, with coupling constants as follows:
J2030 ¼ 5:32, J3040 ¼ 0:05, J4050 ¼ 9:5, and J4050 ¼ 2:4 Hz.
The H50 , H500 and H40 protons which comprised a three-
spin ABX system, appeared at d 3.84, d 3.92 and d 4.30
with J4050 ¼ 9:5, J40500 ¼ 2:4, and J50500 ¼ 12:8 Hz. The ade-
nine ring protons of SAM, H2 and H8, appeared as 2 sing-
lets at d 8.20 and d 8.31, respectively. The assignments
have been confirmed by computer simulation. Adenine,
adenosine, l-methionine and SAM in D2O 1H NMR spec-
tral data are presented in Tables 1–4, respectively.

The percentage of declared SAM is calculated by measur-
ing the intensities of the signals for the H10 of SAM (d, d
6.06) and the methyl protons of the internal standard t-
butyl alcohol (s, d 1.24), Fig. 4. The functional portion of
the SAM molecule is the sulfonium methyl group, and the
extensively held view is that the naturally occuring and
the active SAM is only the (S)-diastereomer, then the rela-
tive intensity of the two signals attributed to the protons
of this group corresponding to the major component (S)-S-
adenosyl-l-methionine (s, d 2.98) and the minor diastereo-
mer (R)-(S)-adenosyl-l-methionine (s, d 2.93) is a direct
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Fig. 4: 400 MHz 1H NMR spectra of SAM and TBA in D2O

Table 1: 1H NMR spectral assignments of adenine hydrochlo-
ride in D2O

Chemical shifta, d Multiplicity Number of protons Assignment

8.37 s 1 H2

8.42 s 1 H8

a Chemical shifts were measured vs. internal TSP, sodium 3-(trimethylsilyl) tetradeuterio
propionate

Table 2: 1H NMR spectral assignments of adenosine in D2O

Chemical shifta,
d

Multiplicity Coupling constant,
(Hz)

Number
of protons

Assignment

3.92 m J40500 ¼ 2.4 1 H500

3.84 m J50500 ¼ �12.8 1 H50

4.43 m J4050 ¼ 9.5 1 H40

4.30 m J3040 ¼ <0.5 1 H30

4.80 m J2030 ¼ 5.32 1 H20

6.06 d J1020 ¼ 6.2 1 H10

8.20 s 1 H20

8.31 s 1 H80

a Chemical shifts were measured vs. internal TSP, sodium 3-(trimethylsilyl) tetradeuterio
propionate

Table 3: 1H NMR spectral assignments of L-methionine in D2O

Chemical shifta,
d

Multi-
plicity

Coupling constants,
(Hz)

Number
of protons

Assignment

3.78 t Jab¼ 5.3 1 Ha

2.14 m Jbg ¼ 7.6 Jab0 ¼ 6.9 2 Hbb0

2.65 t Jg ¼ �11.19 2 Hg

2.14 s 3 HSCH3

a Chemical shifts were measured vs. internal TSP, sodium 3-(trimethylsilyl) tetradeuterio
propionate

Table 4: 1H NMR spectral assignments of SAM in D2O

Chemical shifta d Multiplicity Coupling constants (Hz) Number of protons Assignment

3.78 t Jab ¼ 6.59 1 Ha

2.33 tt Jbg ¼ 7.39 2 Hb

3.67 m Jgg0 ¼ �11.19 1 Hg0

3.45 m 1 Hg

2.98 s 3 (�)-diastereomer HSCH3

2.93 s 3 (þ)-diastereomer HSCH3

3.92 m J40500 ¼ 2.84 1 H500

3.84 m J50500 ¼ �12.8 1 H50

4.43 m J4050 ¼ 9.5 1 H40

4.30 m J3040 ¼ <0.5 1 H30

4.80 m J2030 ¼ 5.32 1 H20

6.11 d J1020 ¼ 4.36 1 H10

8.20 s 1 H2

8.31 s 1 H8

a Chemical shifts were measured vs. internal TSP, sodium 3-(trimethylsilyl) tetradeuterio propionate



measure of activity. Fig. 5 shows the 1H NMR spectra of
80% active (S)-diatereomer and 20% (R)-counterpart.
As a test for accuracy, the proposed method was used to
analyze a set of ten mixtures made from known quantities
of SAM and the internal standard. The mean � SD recov-
ery values for SAM and its (R)-diastereomer impurity
were 99.6 � 0.8% and 22.5 � 0.1%, respectively. From
the results summarized in Table 5, it was concluded that

the accuracy of the method was maintained at the various
levels of the analytes present and the fixed amount of in-
ternal standard added. Ten lots of commercial caplets of
SAM were analyzed by 1H NMR spectroscopic method
for their contents of active and inactive diastereomers. Ta-
ble 6 shows that the percentage of SAM ranged from 0 to
110.7% of the declared value and the percentage of the
active (S)-diastereomer ranged from 0 to 82.3%. It is im-
possible to say whether the (R)-diastereomer in commer-
cial samples is the result of some reaction during purifica-
tion or whether both diastereomers are biosynthesized
under the conditions used by the supplier. It cannot be
due to any known degradation product because these
would exhibit additional resonances which were not ob-
served. There was no change noticed in the ratio of the
active (S)-diastereomer to the inactive (R)-diastereomer at
room temperature for several hours. The stability and lack
of spontaneous degradation of SAM p-toluenesulfonate
salt can be attributed to the presence of large anion size
(Fiecchi 1976). The large anion increases steric hindrance
and the intra-molecular attack responsible for spontaneous
degradation cannot occur (Barbato et al. 1989).
In conclusion, the 1H NMR spectroscopic method described
in this report will permit the identification and assay of the
active diastereomer of SAM in the presence of its inactive
counterpart. Problems commonly encountered in dietary
supplements such as adulterations with prescription medi-
cines, misidentifications and substitutions and false labeling
can also be addressed. Fig. 6 shows the 1H NMR spectrum
of commercial 200 mg caplets of SAM which were found to
contain caffeine and methionine instead of the claimed ac-
tive ingredient. Another advantage is that the method does
not rely on the use of pure reference standards.

3. Experimental

3.1. Apparatus

All 1H NMR spectra were obtained on a model AMX-400 spectrometer
operating at 400.13 MHz (Bruker Instruments, Inc., Billerica, MA) and
28 �C. The chemical shifts were referenced to TSP, sodium 3-(trimethylsi-
lyl) tetradeuteriopropionate.

3.2. Materials

Deuterium oxide, 99.8 atom% D, sodium 3-(trimethylsilyl) tetradeuterio-
propionate (TSP) and 2-methyl-2-propanol, 99.5 þ %, deuterium chloride,
37 wt% in D2O and 99.5 atom%, and d,l-methioine, 99 þ %, were pur-
chased from Aldrich Chemical Co. (Milwaukee, WI, USA). S-Adenosyl-l-
methionine p-toluenesulfonate, 92%, was obtained from Sigma Chemical
Co. (St.Louis, MO). Adenosine free base and adenine hydrochloride were
purchased from ICN Biomedicals, Inc. (Irvine, CA, USA).

3.3. Samples

S-Adenosyl-l-methionine p-toluenesulfonate caplets (200 mg/caplet) were
obtained from local commercial sources.
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Fig. 5: 400 MHz 1H NMR spectra of 80% of (S)-SAM and 20% (R)-coun-
terpart

Table 5: Results of the assay of SAM and (R)-diastereomer in
synthetic mixtures by 1H NMR spectroscopya

Mix. No. Internal
standard
addedb

(mg)

SAM (R)-Diasteromer
found (%)

(mg)
added

(mg)
found

(mg)
recovery (%)

1 0.66 3.57 3.52 98.6 22.4
2 0.66 9.02 8.94 99.1 22.4
3 0.66 7.04 7.06 100.3 22.6
4 0.66 4.56 4.51 98.9 22.6
5 0.66 8.51 8.42 98.9 22.5
6 0.66 6.07 6.02 99.2 22.4
7 0.66 7.51 7.56 100.6 22.6
8 0.66 6.47 6.46 99.2 22.6
9 0.66 5.54 5.55 100.2 22.4
10 0.66 8.03 8.09 100.7 22.5
Mean 99.6 22.5
SD 0.8 0.1

a Recoveries were calculated from (100� amount found)/amount added.
b Added from a 89.38 mM solution of TBA in D2O (25 mL)

Table 6: Results of the assay of SAM and its active (S)-dia-
stereomer in 200 mg caplets from various lots by
1H NMR spectroscopy

Sample No. SAM (S)-Diastereomer,
activity (%)

found (mg) declared (%)

1 181.0 90.5 77.5
2 177.6 88.8 79.3
3 a 0
4 196.4 98.2 82.3
5 210.6 105.3 63.2
6 199.2 99.7 79.5
7 221.4 110.7 66.7
8 191.8 95.9 78.4
9 215.6 107.8 60.1
10 a 0
Mean 159.4 79.7 58.7
Range 0–221.4 0–110.7 0–82.3

a Sample was found to contain caffeine and methionine instead of SAM as labeled

Fig. 6: 400 MHz 1H NMR spectra of TBA and commercial 200 mg caplets in
D2O contained caffeine and methionine instead of the claimed SAM



3.4. Standard solutions

Stock solutions of 2-methyl-2-propanol (TBA) (6.63 mg/mL) were pre-
pared in D2O, transferred to glass vials, and immediately crimper-sealed
with Teflon-coated rubber septa and aluminum seals. When needed, these
solutions were withdrawn through the septa by means of a liquid-tight
micro-liter syringe.

3.5 Assay procedure

Synthetic mixtures containing S-adenosyl-l-methionine p-toluenesulfonate
and TBA, were prepared by first adding an accurately weighed quantity of
S-adenosyl-l-methionine p-toluenesulfonate to a glass vial, followed by
0.100 mL TBA stock solution, prepared in D2O. Volume was adjusted to
4.0 mL and the vial immediately crimped-sealed with Teflon-coated rubber
septa and aluminum seal. The solution was mixed by means of vortex
shaker for about 1 min. Approximately, 0.75 mL was transferred to a 5 mm
NMR tube, which was placed in spectrometer, and the spectrum ob-
tained.
To analyze commercial S-adenosyl-l-methionine p-toluenesulfonate caplets,
a group of 20 caplets was accurately weighed, placed in a glass mortar, and
ground to a fine powder. An accurately weighed portion of the powder,
equivalent to about 32 mg of S-adenosyl-l-methionine (51 mg of S-adeno-
syl-l-methionine p-toluenesulfonate), was transferred to a to a glass vial,
added 0.100 mL TBA stock solution, dissolved in D2O. Volume was ad-
justed to 4.0 mL and the vial immediately crimped-sealed with Teflon-
coated rubber septa and aluminum seal. The solution was mixed by means
of vortex for 1 min, and next centrifuged at 3000 rpm for 5 min. Approxi-
mately, 0.75 mL from the clear supernatant was transferred to a 5 mm
NMR tube, and then placed in the spectrometer, and the spectrum ob-
tained.
The quantity of S-adenosyl-l-methionine p-toluene sulfonate is calculted
by measuring the intensity of the signals for the H10 of the drug (d, d
6.06) and the methyl protons of the internal standard t-butyl alcohol (s, d
1.24) and using the following equation:

S-Adenosyl-l-methionine p-tolune sulfonate,
mg ¼ ½As=At� � ½EWt=EWs� �Mt

where As is the integral value of S-adenosyl-l-methionine p-toluene sulfo-
nate, At is the integral value of the internal standard, EWs is the formula
weight of S-adenosyl-l-methionine p-toluene sulfonate divided by the num-
ber of protons (i.e., 588/1 ¼ 588), EWt is the formula weight of the internal
standard divided by the number of absorbing protons (i.e., 74.12/9 ¼ 8.24),
and Mt is the amount of internal standard added, mg.
The percentage of the active diastereomer was calculated from the relative
intensities of the sulfonium methyl singlets corresponding to the major com-
ponent (S)-diastereomer at d 2.98 and the minor (R)-counterpart at d 2.93.

References

Balaghi M, Horne DW, Wagner C (1993) Hepatic one-carbon metabolism
in early folate deficiency in rats. Biochem J 291: 145–149.

Barabato G, Calabria R, Carteni-Farina M, D’Auria G, De Rosa M, Sar-
torio R, Wurzburger S, Zappia V (1989) A physico-chemical approach
to the study of the binding interaction between S-adenosyl-l-methionine
and polyanions: binding constants and nature of the interaction with
sodium poly(styrene sulfonate). Biochim Biophys Acta 991: 324–329.

Bell KM, Potkin SG, Carreon D, Plon L, (1994) S-adenosylmethionine
blood levels in major depression: Changes with drug treatment. Acta
Neurol Scand 154: 15–18.

Bottiglieri T, Carney MWP, Edeh J, Laundry M, Martin R, Reynold EH,
Thomas C, Toone BK (1982) Biochemistry of S-adenosylmethionine
and related compounds. In: Usdm E, Brochardt RH (ed.) Macmillan,
London, p. 327.

Bottiglieri T, Hyland K, Reynolds EH (1994) The clinical potential of ade-
metionine (S-adenosylmethionine) in neurological disorders. Drugs 48:
137–152.

Bressa GM (1994) S-adenosyl-l-methionine (SAMe) as antidepressant:
Meta-analysis of clinical studies. Acta Neurol Scand 154: 7–14.

Caruso I, Pietrogrande V (1987) Italian double-blind multicenter study
comparing S-adenosylmethionine, naproxen, and placebo in the treat-
ment of degenerative joint disease. Am J Med 83 (suppl 5A): 66–71.

Chiang PK, Gordon RK Tal J (1996) S-Adenosylmethionine and methyla-
tion. FASEB J 10: 471–480.

Chiang PK (1981) Biological effects of inhibitors of S-adenosylhomocys-
teine hydrolase. Science 116: 1164.

Cimino M, Vantini G, Algeri S, Curatola G, Pezzoli C, Stramentinoli G
(1984) Age-related modification of dopaminergic and beta-adenergic re-
ceptor system: restoration to normal activity by modifying membrane
fluidity with S-adenosyl-l-methionine. Life Sci 34: 2029–2039.

Conforth JW, Reichard SA, Talaly P, Carrell HL, Glusker JP (1977) Deter-
mination of the absolute configuration at the sulfonium center of S-ade-
nosylmethionine. Correlation with the absolute configuration of the dia-
stereomeric S-carboxymethyl-(S)-methionine salts. J Am Chem Soc 99:
7292–7300.

Cools M, Hasobe M, De Clercq E, Borchardt R (1990) Mechanism of
synergistic antiviral and cytostatic activity of (RS)-3(adenine-9-yl)-2-hy-
droxypropionic acid isobutyl ester and d,l-homocysteine. Biochem Phar-
macol 39 : 195–202.

Crooks PA, Dreyer RN, Coward JK (1979) Metabolism of S-adenosyl-
homocysteine and S-tubercidinylhomocysteine in neuroblastoma cells.
Biochemistry 18: 2601.

De La Haba G, Jamieson GA, Mudd, SH, Richards HH (1959) J Am
Chem Soc 81: 3975–80.

De Vanna M, Rigamonti R (1992) Oral S-adenosyl-l-methionine in depres-
sion. Curr Ther Res 52: 478–485

Domljan Z, Vrhovac B, Durrigl T, Pucar I (1989) A double-blind trial of
ademetionine vs naproxen in activated gonarthrosis. Int J Clin Pharma-
col Ther Toxicol 27: 329–333.

Fava M, et al. (1990) Neuroendocrine effects of S-adenosyl-l-methionine, a
novel putative antidepressant. J Psychiatr Res 24: 177–184.

Fava M, Giannelli A, Rapisarda V (1995) Rapidity of onset of the antide-
pressant effect of parenteral S-adenosyl-l-methionine. Psychiatr Res 56:
295–297.

Fava M, Rosenbaum JF, Birnbaum R et al. (1992) The thyrotropin-releas-
ing hormone as a predictor of response to treatment in depressed outpa-
tients. Acta Psychiatr Scand 86: 42–45.

Fazio C, Andreoli V, Agnoli A, Casacchia M, Cerbo R (1973) Therapeutic
effects and mechanism of action of S-adenosyl-l-methionine (SAM) in
depressive syndromes. Minerva Med 64: 1515–1529.

Fiecchi A (1976) Double salts of S-Adenosyl-l-metionine. US Patent 3954
726, 4 May

Friedle HA, Goa KL, Benfield P (1989) S-adenosyl-l-methionine: a review
of its pharmacological properties and therapeutic potential in liver dys-
function and affective disorders in relation to its physiological role in
cell metabolism. Drugs 38: 389–416.

Giulidori P, Galli-Kienle M, Catto E, Stramentinoli G (1984) Transmethyl-
ation, Transsulfuration, and aminopropylation reactions of S-adenosyl-l-
methionine in vivo. J Biol Chem 259: 4205–4211.

Glorioso S, Todesco S, Mazzi A, et al. (1985) Double-blind multicentre
study of the activity of S-adenosylmethionine in hip and knee osteoar-
thritis. Int J Clin Pharmacol Res 5: 39–49.

Harmand MF, Vilamitjana J, Maloche E, et al. (1987) Effects of S-adeno-
sylmethionine on human articular chondrocyte differentiation: An in vi-
tro study. Am J Med 83 (suppl 5A): 48–54.

Kagan BL, Sultzer DL, Rosenlicht N et al. (1990) Oral S-adenosyl-methio-
nine in depression: A randomized, double-blind, placebo-controlled trial.
Am J Psychiatr 147: 591–595.

Konig H, Stahl H, Sieper J, Wolf KJ (1995) Magnetic resonance tomogra-
phy of finger polyarthritis: Morphology and cartilage signals after ade-
metionine therapy. Aktuelle Radiol 5: 36–40.

Larive CK, Jayawickrama D, Orfi L (1997) Quantitative anaysis of pep-
tides with NMR spectroscopy. Appl Spectrosc 51: 1531–1536.

Loehrer FM, Angst CP, Brunner FP, Haefeli WE, Fowler B (1998) Evi-
dence for disturbed S-adenosylmethionine: S-adenosylhomocysteine ratio
in patients with end-stage renal failure: a cause for disturbed methylat-
ion reactions? Nephrol Dial Transplant 13: 656–661.

Loehrer FM, Angst CP, Jordan PP, Ritz R, Haefeli WE, Fowler B (1996)
Low whole –– blood S-adenosylmethionine and correlation between 5-
methyltetrahydrofolate and homocysteine in coronary artery disease. Ar-
terioscler Thromb Vasc Biol 16: 727–733.

Loehrer FM, Haefeli WE, Angst CP, Browne G, Frick G, Fowler B
(1996) Effects of methionine loading on 5-methyltetrahydrofolate, S-
adenosylmethionine and S-adenosylhomocysteine in plasma of healthy
humans. Clin Sci 91: 79–86.

Loehrer FM, Schwab R, Angst CP, Haefeli WE, Fowler B (1997) Influ-
ence of S-adenosylmethionine on plasma 5-methyltetrahydrofolate, S-
adenosylhomocysteine and methionine in healthy humans. J Pharmacol
Exp Ther 282: 845–850.

Maccagno A (1987) Double-blind controlled clinical trial of oral S-adeno-
sylmethionine versus piroxicam in knee osteoarthritis. Am J Med 83
(suppl 5A): 72–77.

Marcolongo R, Giordano N, Colombo B, et al. (1985) Double-blind multi-
centre study of the activity of s-adenosyl-methionine in hip and knee
osteoarthritis. Curr. Ther. Res. 37: 82–94.

Melnyk S, Pogribna M, Pogribny P, Yi P, James SJ (2000) Measurement
of plasma and intracellular S-adenosylmethionine and S-adenosylhomo-
cysteine utilizing coulometric electrochemical detection: alterations with
plasma homocysteine and pyridoxal 50-phosphate concentrations. Clin.
Chem. 46: 265–272.

Montrone F, Fumagalli M, Sarzi Puttini P, et al. (1985) Double-blind study
of S-adenosylmethionine versus placebo in hip and knee arthrosis. Clin
Rheumatol 4: 484–485.

Muller-Fassbender H (1987) Double-blind clinical trial of S-adenosyl-
methionine in versus ibuprofen in the treatment of osteoarthritis. Am J
Med 83 (suppl 5A): 81–83.

Osman E, Owen JS, Burroughs AK (1993) S-adenosyl-l-methionine. A
new therapeutic agent in liver disease? Pharmacol Ther 7: 21–28.

ORIGINAL ARTICLES

Pharmazie 59 (2004) 4 255



Paik WK, Lee HW, Kim S (1975) None-enzymatic methylation of proteins
with S-adenosyl-l-methionine. FEBS Lett 58: 39–42.

Perna AF, Ingrosso D, De Santo NG, Galetti P, Zappia, V (1995) Mechani-
sm of erythrocyte accumulation of methylation inhibitor S-asenosylho-
mocysteine in uremia Kidney Int 47: 247–253.

Perna AF, Ingrosso D, Zappia V, Galetti P, Capasso G, De Santo NG
(1993) Enzymatic methyl esterification of erythrocyte membrane pro-
teins is impaired in chronic renal failure. J Clin Invest 91: 2497–2503.

Prased C, Mori M, Greeley GH Jr, Edward RM, Wilber GF, Pegnes J
(1985) Biomedical transmethylation of lipids and neuropeptidergic sti-
mulation of pituitary hormone secretion. Brain Res 334: 41–46.

Revelle LK, d’Avignon DA, Reepmeyer JC, Zerfing R (1995) Stability-
indicating spectroscopic method for determination of S-adenosyl-l-
methionine in tablets. J Assoc Off Anal Chem Int 78: 353–358.

Salmaggi P, Bressa G. M, Nicchia G et al. (1993) Double-blind, placebo-
controlled study of S-adenosyl-methionine in depressed post-menopausal
women. Psychotherapy & Psychosomatics 59: 34–40.

Salvatore F, Borek E, Zappia v, Williams-Ashman HG (1977) The Biochemis-
try of Adenosylmethionine. In: Schlenk F. (ed.) Columbia Press, New York.

Schumacher HR (1987) Osteoarthritis: The clinical picture, pathogenesis,
and management with studies on a new therapeutic agent, S-adenosyl-
methionine. Am J Med 83 (suppl 5A): 1–4.

She B, Nagao I, Hayakawa T, Tsuga H (1994) A simple HPLC method for
the determination of adenosine, S-adenosylmethionine and S-adenosylho-
mocysteine in rat tissue: the effect of vitamine B6 deficiency on these con-
centrations in liver. Biochem Biophys Res Commun 205: 1748–1754.

Struys EA, Jansen EE, de Meer K, Jakobs C (2000) Determination of S-
adenosylmethionine and S-adenosylhomocysteine in plasma and cere-
brospinal fluid by stable isotope dilution and tanden mass spectrometry.
Clin Chem 46 : 1650–1656.

Varela-Moreiras G, Alonso-Aperte E, Rubio M, Gasso M, Deulofeu R,
Alvarez L, Caballeria J, Rodes J, Mato JM (1995) CCl4� induced hepatic
injury is associated with global DNA hypomethylation and homocystei-
nemia: effect of S-adenosyl-l-methionine treatment. Heptatology 22:
1310–1315.

Vetter G (1987) Double-blind comparative clinical trial with S-adenosyl-
methionine and indomethacin in the treatment of osteoarthritis. Am J
Med 83 (suppl 5A): 78–80.

Wagner J, Hirth Y, Claverie N, Danzin C (1986) A sensitive high-perfor-
mance liquid chromatographic procedure with fluorometric detection for
the analysis of decarboxylated S-adenosylmethionine and analogs in
urine samples. Anal Biochem 154: 604–617.

Weir DG, Mollay AM, Keating JN, Young PB, Kennedy S, Kennedy DG,
Scott JM (1992) Correlation of the ratio of S-adenosyl-l-methionine to
S-adenosyl-l-homocysteine in the brain and cerebrospinal fluid of the
pig: implications for determination of this methylation ratio in human
brain. Clin Sci 82: 93–97.

Zimmerman TP, Iannone M, Wolberg G (1984) 3-Deazaadenosine. S-ade-
nosylhomocysteine hydrolase-independent mechanism of action in
mouse lymphocytes. J Biol Chem 259: 1122.

ORIGINAL ARTICLES

256 Pharmazie 59 (2004) 4


