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Abstract

Capillary electrophoresis was used for monitoring the stabilit-aflenosylmethionine in aqueous solution under different conditions
of storage and incubation used for “in vitro” and “in vivo” experiments, by evaluating both the entity of degradation and the possibility of
epimerization at the sulfonium group. The determinatio8 8fS-adenosylmethionine in presence of®&-epimer and degradation products
was performed in uncoated capillary of pfh ID using 150 mM sodium phosphate buffer at pH 2.5. The analyses were performed in short or
long-end injection modes depending if a fast monitoring of the degradation products or the evaluation of the diastereoisomeric ratio were carried
out, respectively. In the long-end injection mode the baseline separat®ad#nosylmethionine diastereoisomeric forms and degradation
products was obtained in less than 10 min with efficiency values in the range of 172,520-311,439 number of theoretical plates per meter.
The results showed that freezing was the optimum storage modadenosylmethionine aqueous solutions preserving from degradation
and diastereoisomeric ratio alterations. Under incubation conditions°& 88ring 14 days perio&adenosylmethionine showed a strong
degradation and the formation of three main increasing degradation products. After 7 and 14 days only the 52% and 32% of the initial drug
concentration were available and the ac®& S-adenosylmethionine form was the most affected.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction sulphur and the:-carbon, respectively. Only tHe@S-form is
the biologically active: in mammals there is only a minor
S-adenosylmethionine (SAM) is the primary methyl donor fraction of theR,S-SAM [6].
presentin all living organisms involved in the methylation of The pharmaceutical preparations of SAM have been
target molecules as DNA, proteins, lipids and polyamines increasingly used for the treatment of liver disease as well as
synthesiq1,2] (Fig. 1). Abnormalities in SAM metabolism  neurological and affective disorders but the main problem is
has been well recognized in liver diseases and in various neu+epresented by its high chemical and diasterecisomeric insta-
rological disorders, e.g. Alzheimer disease (AD) and cardio- bility at specific temperatures and pH val(iés9]. There are
vascular diseag8-5]. SAM exists in two diastereoisomeric  different mechanisms for SAM degradation: the cleavage to
forms, theS S and theR,S-'S-adenosylmethionine, where the  5'-methylthioadenosine (MTA) and homoserine lactone, the
designation refers to the stereochemical configurations of thehydrolysis to adenine ar®l(5'-deoxy-ribosyl)t.-methionine
and the epimerization to the biologically inactiRS-SAM
* Corresponding author. Tel.: +39 690672683; fax: +39 690672269. (seeFig. 2for the molecular structures). Several efforts have
E-mail addressclaudia.desiderio@imc.cnr.it (C. Desiderio). been recently made in commercialising and synthesising
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and to evaluate the variation of the diastereoisomeric ratio
in pharmaceutical preparations is highly requested.
l Dlet Very few papers deal with stability studies of SAM di-
6 .—~THF l Polyamines astereplsomers by using chromatographic metf{ﬁijsqr
( colourimetric assay14]. In fact, although the analytical
Met T determination of SAM was mainly reported by chromato-
5-MTHF 5 1 decag:"\‘ny'ated graphic methodgl5-18] most of them were not able to dis-
tinguish theS'S- from theR,S-sterecisomers. Recently, capil-
@ HCY SAM j lary electrophoresig (CE) was successfully used for analysing
/ SAM and metabolite§19-21]and studying SAM stability
coys s (Dﬁ:b:tr';;f;s [22] but only two paper$19,20] showed a double peak for
' 2 liplds...) SAM attributed to the presenceRfS-SAM diastereoisomer.
SAH Capillary Electrophoresis, a relatively recently developed
Methylated . . - . . f
substrates miniaturized analytical technique, is characterized by the

high resolution power and separation efficiency together with
Fig. 1. SAM/HCY cycle. Abbreviations: Met, methionine; SAN& versatility and short analysis time. The high speed of separa-
adenosylmethionine; SAt&-adenosylhomocysteine; HCY, homocysteine;  tion and the minimum use of reagent and samples make CE

CYS, cystathionine; THF, tetrahydrofolate; MTHF, methyltetrahydrofolate; . . . s
B12, vitamin B12; B6, vitamin B6; 1, methionine adenosyltransferase technique particularly suitable for fast monitoring of drug

(MAT); 2, Methyltransferase(s); 3, SAH hydrolase; 4, cystathiorfine- SOIUtior_]S and biomgical samplgs. o
synthase (CBS); 5, methionine synthase; 6, methylenetetrahydrofolate re-  In this work the high separation efficiency of CE was used

ductase (MTHFR). for the first time for investigating the stability of SAM in

aqueous solution under different storage modes by moni-
SAM salts formulations with higher stability containing toring both its diastereoisomeric ratio and the formation of
larger anions, as e.gp-toluensulfonate anion or amidic degradation products.

derivatives of taurine with fatty acigé0-13] The results will provide useful informations for the opti-
The pharmaceutical preparations produced using themum treatment and storage of SAM salts and solutions and
fermentation technology contain th&®Sunnatural di- for the development of “in vitro” and “in vivo” experiments,

astereoisomer in concentrations ranging from 20 to 40% of like gene methylation studig23-25] involving SAM ad-
the total SAM content. Due to the possible interconvertion ministration.

of the active form into the inactive one and to the high SAM A comparison between liquid chromatography (HPLC)
instability, the availability of analytical methodology able to and CE analytical methodologies for studying SAM stability
monitor in short time the formation of degradation products is also reported and discussed.
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Fig. 2. Chemical structures &adenosylmethionine and its degradation products.
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2. Materials and methods duration 15min (riequilibrating step); step (5) return to
step (2).
2.1. Chemicals A Finnigan ThermoQuest Navigator mass spectrometer

(MassLab Group, Manchester, UK) equipped with an elec-
Sodium hydroxide anhydrous pearls and orthophospho-trospray interface and a single quadrupole was used in trying
ric acid (85%, v/v) was purchased from Carlo Erba (Milan, to characterize the SAM degradation products during the 14
Italy). Sadenosylmethionine (SAM) pharmaceutical prepa- days storage at 3&. The mass spectrometer was operat-
ration for injection marketed as Sarfiwas from Knoll and ing in positive ion mode of ionisation applying a capillary
contained SAM 1,4-butanedisulfonate and mannitol as ex- voltage of 3.5kV and a skimmer cone voltage of 15V. Mass
cipient. Pindolol was used as reference compound and wasspectra were collected in tingzrange 100-500 using a mix-
purchased from Sigma (St. Louis, MO, USA). Concentrated ture of methanol/ammonium acetate buffer pH 4 (60:40) as
and diluted analyte solutions were prepared in MilliQ water delivering solvent. The source temperature was°150
(Waters, Milford, MA, USA).
Acetonitrile and potassium dihydrogenphosphate were 2.3. SAM solution preparation
from Sigma (St. Louis, MO, USA).
A volume of 5 ml of a 50 mM SAM aqueous solution (so-

2.2. Apparatus lution pH 2.6) was prepared from the pharmaceutical prepa-
ration SamyP and divided into four aliquots of 1 ml volume,
Experiments were performed on Agilent Technologies namely solution |, II, lll and IV, stored and analysed as de-

(Waldbronn, Germany) capillary electrophoresis automated scribed below:
apparatus equipped W'th external nitrogen pressure and dlode. Solution I: stored for 3 days at room temperature and anal-
array UV detector selecting 195 nm as the output wavelength. : ) : )
) . - ysed each day three times during the day (I run:10am; I
The separation capillary was 5fn ID, 375um OD, silica . ) )
: . . run: 2 pm; lll run; 4 pm).
fused capillary (Composite Metal Services Hallow, Worcs., . ) R
. e Solution II: stored at-18°C for 2 days and analysed three
UK) of 64.5cm total length and effective lengths of 56 or . ; .
o = runs per day each time after freezing/thawing procedures.
8.5 cm depending if the long or the short end injection modes : ) o
. . ) e Solution IlI: stored at-18°C for 1 day and then thawed
were used, respectively. The capillary was air thermostated at room temperature and analysed three times as solution
at 25°C. The applied separation voltage was 30kV. The an- P y
alytes were injected at the anodic end by applying pressure
of 3barx 0.02 min followed by 2 bax 0.01 min of running
buffer to prevent sample loss at voltage application and im-
prove system precision. When the short end injection was  Before injection into CE each solution was differently di-
applied simply both the polarity and the sample injection end luted 1:100 (concentrated solution) and 1:1600 (diluted solu-
were reversed (negative polarity) inside the same separatiortion) and differently analysed in short- and long-end injection
capillary. methods, respectively. These two methods differ only in the
The running buffer (BGE), 150 mM sodium phosphate pH length of the capillary used for the separation (see the exper-
2.5, was prepared by titrating 150 mM orthophosphoric acid imental section for further details). The diluted solution was
water solution with sodium hydroxide before taking the so- analysed using a separation capillary length of 56 cm (long-
lution to the final volume. end injection method) allowing within 7 min the separation
The HPLC measurements were carried out using a Varianof the SAM diastereoisomeric forms with 1.16 resolution
HPLC system (Varian, Walnut Creek, CA, USA) equipped (Rs) value. The concentrated solution was instead analysed
with a Prostar 210 pump and a UV detector (Prostar 320) setin short end injection mode (8.5 cm capillary effective length)
to 254 nm. allowing a very fast monitoring (total analysis time less than
Remote control of the HPLC system, data acquisition 2 min) of the formation of SAM degradation products.
and calculation of peak areas were performed via com-
puter based data-system (Varian Star 5.3). The samples
were injected through an injection valve with a20sam- 3. Results and discussion
ple loop. The mobile phase was pumped at a flow-rate of
1.00 ml/min. The samples were injected onto the reverse- In this paper capillary zone electrophoresis was employed
phase column HIRPBC18 (HIRPB-250A, length 250 mm, to monitor the stability of aqueous solution of SAM phar-
ID 4.6 mm, 5um, Hichrom, Reading, Berkshire, UK). The maceutical preparation under different modes of storage and
mobile phases were (pump A) 0.05M KPIO4, pH 3.5 during 14 days of incubation at 3€. Two different series of
and (pump B) acetonitrile using the following gradient elu- experiments were arranged (i) to assess the chemical stability
tion: step (1) time Omin, 92% A, 8% B, duration 6 min; of SAM aqueous solutions at room temperature and after sev-
step (2) time 15min, 70% A, 30% B; step (3) time 25min, eral freezing/thawing cycles and (ii) to evaluate the degree of
60% A, 40% B; step (4) time 35min, 90% A, 10% B, degradation of the SAM aqueous solution incubated 438

e Solution IV: stored at-18°C for 3—4 days and then anal-
ysed three times as solution |.
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during 14 days, following the conditions used for “in vivo” the high buffer ionic strength maximized the electrophoretic

experiments. In both the experiments the aim was to investi- mobility differences between the diastereoisomers allowing

gate and identify the formation of degradation products and their resolution without the addition of any additive to the

to monitor the variation 0§S/R,SSAM diastereoisomeric ~ separation media. The use of as long capillary as 64.5cm

ratio. limited the current increase due to the high buffer concen-
The high resolution power of CE allowed, under the suit- tration allowing however the application of high voltages to

able experimental conditions, to obtain the separation of speed the separation.

SAM diastereoisomers in free zone electrophoresis without

additives or separation media to the running buffer,Sl% 3.1. Study of SAM chemical stability under different

diastereoisomer migrating faster. The electrophoretic runs storage modes

were performed in 150 mM sodium phosphate buffer pH 2.5

in uncoated capillary of 64.5 cm of total length (56 cm effec- Due to the poor chemical stability of SAM salts in phar-

tive separation length) applying 30kV voltage. Under these maceutical formulations at room temperature and in the pres-

experimental conditions the SAM was positively charged mi- ence of humidity, different experiments were performed to

grating towards the cathode in the same direction of the elec-evaluate its degradation rate and diastereoisomeric stability

troosmotic flow (EOF). The use of an acidic buffer at high in agueous solutions under the temperature values normally

concentration strongly reduced the dissociation of the sil- used for storage, e.g. room temperature (¥2), +4 and

ica silanols on the capillary wall minimizing both the EOF —18°C, and after repeated freezing/thawing procedures.

and the adsorption of positively charged compounds improv-  Fig. 3shows the electropherograms of the diluted and con-

ing the peak shape and separation efficiency. Furthermore centrated solution | (panels a and b), respectively, analysed
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Fig. 3. Analysis of diluted and concentrated SAM aqueous solution by (a) long-end and (b) short end capillary zone electrophoresis, respiéetively. Bu
150 mM sodium phosphate buffer pH 2.5. Capillary: silica fused®0ID x 64.5 total length. Applied voltage 30 kV. For other experimental conditions see
the text.SS activeSS SAM diastereoisomeric fornR SR,S-SAM diastereoisomeric form; 1 and 2, pharmaceutical preparation impurities.
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Table 1 and 86.31% after 3 days simultaneously to the increase of
Comparison of the relative content (area % values) of SAM (total content), the relative areas of the degradation products 1 and 2 being

SAM diastereoisomers and degradation products (compound 1 and 2) in 0 . 0
aqueous solution during 3 days storage at room tempefature 1.70 a”fj 3.15% at zero time and 3.84 and 9.85% after 3 days,
respectively.

Compound 0 Time Day 2 Day At room temperature a variation of ti&S/R,S-SAM di-

; 21(5) ?2? 32‘5‘ astereoisomeric ratio also occurred, being 1.63 at zero time

SAM 9515 8986 8631 and 1.60 and 1.45 after 2 and 3 days, respectively, probably
' related to a diastereoisomeric interconvertion or a different

SSRS 163 160 145

diastereoisomers rate of degradation.
Z Solution |, for details see the Secti@n It is furthermore interesting to observe that in solution II,
Values of the II run of each day. that was frozen/thawed several times, the diastereoisomeric
ratio did not change significantly (data not shown) and only
in long and short end injection methods at the beginning of a very slight SAM degradation was observed.
the experiments (zero time). In the diluted solution it was not
possible to detect the degradation products due to their low3.2. Study of SAM stability at 3&
concentrations. They were instead clearly visible when the
concentrated solution was injected (panel b). The analysis Moreover the stability of SAM aqueous solutions was
of the concentrated solution | at zero time showed the pres-studied at 38C for 14 days simulating the experimental
ence of two other compounds, namely 1 and 2, in addition conditions used in the experiments “in vivo” studying the
to the main SAM peak. We observed a not significant vari- SAM metabolism in relation to the prevention and therapy of
ation in SAM, 1 and 2 relative areas in solutions Il and IV  Alzheimer’s disease. The solution was analysed at zero time
after either 1 day or 3—4 days of freezing (storing-48°C) (initial solution) and after 7 and 14 days of incubation by CE
(data not shown). Therefore in frozen storage the SAM con- in long-end injection modekig. 4 shows the relative elec-
tent seemed well preserved and the formation of degradationtropherograms. In these analyses it was possible to quantify

products prevented. both the diastereoisomeric ratio of SAM and the remarkable
Table 1describes the relative area % of compounds 1 and formation of degradation products.
2 and SAM together with th§ S/R,Sdiastereoisomeric ratio Under these experimental conditions the CE technique

during storage at room temperature for three days (solutionprovided a peak efficiency in the range 172,520-311,439
1). The SAM concentration progressively decreased from the number of theoretical plates per meter (N/m) 8%, RS
initial value of 95.15% (relative area) to 89.86% after 2 days SAM, IS, products 1 and 2.
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Fig. 4. Analysis of SAM aqueous solution incubated at@&t (a) zero time, (b) after 7 days, (c) after 14 days by long-end injection capillary electrophoresis.
For the experimental conditions sEigy. 2and the text. IS, internal standard; 1, 2 degradation products.
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As it can be observed iRig. 4a, the SAM solution atzero 4. Concluding remarks
time contained the 39% (relative area % value) of the unnat-
ural R S-diastereoisomer. After 7 and 14 days of incubation =~ CE demonstrated to be an effective analytical technique
the formation of two main degradation products, namely peak to be used for a fast monitoring of the stability of SAM
1 and 2 inFig. 4b and c, was evident. In addition, after 14 solutions under different experimental conditions used for
days a further degradation product, namely peak 3, a small“in vitro” and “in vivo” experiments. The use of 64.5cm
peak visible only when injecting the concentrated samples, long capillary of 5Qum ID and a 150 mM sodium phosphate
appeared and was quantifiédg. 5shows the dependence of buffer pH 2.5 allowed the simultaneous separation of SAM di-
SAM and degradation products analyte/IS peak area ratio onastereoisomeric forms and their degradation products in less
the time of incubation at 38C. The SAM content showed a than 10 min with efficiencies values in the range 172,520-
decrease at increasing days of incubation and only the 51.7311,439 N/m.
and the 32.3% of the initial concentration was quantified af-  In conclusion SAM solutions should be stored frozen to
ter 7 and 14 days, respectively. Both the diastereoisomerspreserve the initial SAM concentration in the solution and
of SAM followed the same behaviour but interesting results to prevent degradation and variation of the diastereoisomeric
were observed for the diastereoisomeric ratio. In fact, after ratio. However, although SAM degradation and variation of
7 and 14 days the relative area % valuesS& and RS SS/R,Sratio was observed when the solution was kept at
diastereoisomers changed from the initial value of 61:39 (% room temperature, the SAM concentration decreased only
values) to an almost stable value, close to the racemic one.of 5%. Several freezing/thawing cycles did not significantly
Particularly, by observing the datakig. 6, theR,S/IS area affect the initial solution composition.
ratio were 75 and 42% of the initial value after 7 and 14 The stability studies of SAM at 3& during 14 days
days, whereas fd8S they were 44 and 26%, respectively. showed a relatively strong degradation of SAM with forma-
Therefore it seemed that tt®S-diastereoisomer showed a tion of two main products and a minor third one that strongly
stronger degradation than tReS-form, however the occur-  increased with time. The initial concentration of SAM was
rence of diastereoisomeric interconvertion phenomena couldnegatively affected by the temperature showing the need of

not be excluded. therapy dosage adjustment to really assess the “in vivo” stud-
ies and the best way for drug administration.

3.3. Comparison of HPLC and CE performances for In fact, after 7 and 14 days only the 52 and 32% of

SAM stability studies the initial total SAM concentration were respectively avail-

able. Moreover, after 14 days tisS-biologically active di-

The stability of SAM aqgueous solutions at 38 was also astereoisomer decreased of the 74%.
studied by HPLC technique: the samples were analysed at The ESI-MS flow injection analysis allowed the identifi-
zero time, and after 7 and 14 days of incubation, as for CE cation of suspecte8methylthioadenosine and homoserine
analysis. The samples were injected onto a reverse phase collactone cleavage degradation products.
umn (HIRPB-250A, length 250 mm, ID 4.6 mmyfn) and Further experiments are in progress to better identify the
a gradient elution system was used; mobile phases were (A)formation of degradation products by coupling the ESI-MS
0.05M KH;PQy, pH 3.5 and (B) acetonitrile (see the exper- with the HPLC analytical technique.
imental section for details). The run time was 50 min and we
observed a variation of ti8S-/R,S'SAM diastereoisomeric
ratio from 1.7 at zero time to 0.9 at 14 days, and a decrementReferences
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