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ABSTRACT

In this article, a comparatively less known molecule vitamin-U has been described. The chemical characteristics of
this rare vitamin has been described. Clinical studies carried out using this molecule, biological significance
including metabolic characteristics; cholesterol lowering properties, biosynthesis etc. have been described. General
characteristics and complexing behaviour of this moleculeis discussed in the article.
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INTRODUCTION

‘Vitamin U’ is one of the most rare vitamins. Brasstherapy or therapy using cabbage sources ahiit&®) has
been applied since ancient times. Hyppocratesfatier of medicine, applied it to his patients.1998, a new
preparation was developed from a special red-cabbdgoalis lombarda) was processed bio-organically,
guaranteeing a high quality vitamin. Vitamin U wagginally used for the substance, later found eovlhamin Bc
and not be a bacterial growth factor that couldlmerivatives of folacin.The prime food source appdo be raw
cabbage ‘vitamin U’ is the anti-ulcer vitamin refaat in cabbage leaves and other green vegetabis.[tLhas
been used for its reputed protective effect oritlee and gastro-intestinal mucosa and thus usdbdanreatment of
gastric disorders. ‘Vitamin U’ has a beneficial govaction on gastric and intestinal functions imeyal. It has a
cytoprotective mechanism which may possibly beteeldo surface mucosal mucin. It stimulates then&gion of
various categories of RNA and causes a quantitatioease in the RNA temperature function. Vitarbinalso
known as S-methyl methionine was found to increastévity of S-adenosyl-L-homocysteine.This decretse
inhibition of S-adenosyl-L-homocystein and stimakatmethylation process. ‘vitamin U’ is recommended
treating oesophagogastric lesions, chronic gastiteration, chronic gastritis, ulcerative colitidiaphragmatic
hernias and peptic ulcers.’ Vitamin U’is also reecoemded as a preventive vitamin for the digestive iatestinal
systems. The vitamin U concentrations in fruitsci@fus hybrids were measured, and found to increaseg
ripening of the fruit. Crossbreeding is useful irogucing new citrus fruits that have juices witle thesirable
characteristics of their parents without formatidrdimethylsulfide which is an off- flavor [4 ].

Chemical Characteristics

The gas-chromatographic method of analysis of vitdthis based on the disintegration of vitamin Uhe alkaline
medium to form equimolecular quantities of dimesiyphide and homoserine [5]. A method, based on
electrophoretic measurement has been developedhiighi@a. This method includes extraction, purifmatand
treating with cation exchanger and is followed hiaéion with 2N NaOH. This is measured spectropmetically

at 506 nm [6]. Leung developed a high-performarigaid chromatographic method for the determinatain
vitamin U in tablets and capsules. Threonine wapleyed as the internal standard through the asBag.o-
phthalaldehyde derivatives were prepared thieth chromatographed isocratically on a reverse$@iC18 column.
The optimum reaction time for both, vitamin U ardebnine at pH 10.5 is 5 min. Vitamin U and its anaj
degradation product in the dosage forms , viz. hinatnesulphoxide , were separated and quantifigld avrelative
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standard deviation of about 1% , using a fluoreseatetector with excitation and emission wavelength340 and
450 nm respectively [7]. A pre-column derivatizatimethod for the high-performance liquid chromaagpdyic
determination of taurine (1), L-glutamine (2), vitia U (3) and L-aspartic acid (4) in pharmaceusicahs been
developed by Uehara et. al. The optimum requiresnfemtthe derivatization conditions and the stapibf resulting
derivatives were discussed [8]. Seri et. al. stlithe hypolipidemic effects of vitamin U which werempared with
clofibrate in three experimental procedures. Irultss the characteristic effect of vitamin U isaissed through
therapeutic viewpoint [9].

CHs
s’ COOH —
/ cl
H,C
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(Vitamin U) (Methyl methionine sulfonium chloride ) (MMSC)
M.W = 199.70 gms

M.F = CgH14CINO,S

White needles, m.p. 134

Clinical Studies

In France, clinical studies were carried out otigmas suffering from gastro duodenal ulcers , jeptcers ,
gastritis and gastroduodeniltis , diaphragmatic inernpand peptic oesophagitis , patients were 88l%éved from
their pain. The therapeutic effect of vitamin U Heeen clinically proven. Medical researchers hdse aonducted
successful tests in Germany, Italy, Japan and Usitates. In one trial of 100 patients with peptaer treated with
vitamin U , 86 percent of the patients experiencadgf of pain without the continued use of anynfr@f drug
therapy and without frequent feedings of food. Ehpatients also showed an accelerated healing fomboth
gastric and duodenal ulcers [10]. An interestingerie that cabbage juice is very rich in L-glutamionce again
lending credence to this true traditional folk relpweTwo groups of patients, in each of which apprately 10
percent had failed to respond well to the usualmneg, were studied one by Cheney [11]. The otheGlayelli and
Bellafiore [12]. Most of the patients became asyonmtic for the first time on a diet to which hackbedded eggs,
butter, peanut butter, lettuce, watercress, pardéeyccoli, romaine and avocadoes — all foods saibe rich in
antiulcer factor. This antiulcer factor was destgdavitamin U. The idea of the therapeutic potérifavegetable
juices, consider the work of Garnett Cheney. He hd@ peptic ulcer patients drink a quart of rawhzad®e juice
daily. The patients reported dramatically less faid x-ray examination confirmed fasten healingetiffihere was
no other change in their diet, and they did notehdnug therapy [13]. Cheney used cabbage juictstoteeat gastric
ulcers and duodenal ulcers. He clearly was ontoetloimg which he called vitamin U ( for ulcer) flack of a
better name [14]. Cheney knew of people who haiiged cabbage juice along with vegetarian diet &asling to
heal all forms of gastrointestinal diseases withdrugs and without surgery [15-16]. The vitamin E@safound to
produce a marked antidepressant effect in depeestates of various classifications of diseasespectively of the
duration of the depression phase or precedingnteyat [17]. Sulphide toxicity in colonocytes is resible by
methyl donors. The efficiency of sulphide detoxation may be an important factor in the pathogenesid
treatment of ulcerative colitis for which s-aderassthionine 1,4 butane disulphonate may be of fherdc value
[18]. Vitamin U was found to increase activity ehdenosyl — L — homocysteine hydrolase, selectiwsdyhylating
the released homocysteine [19]. Vitamin U is uliiows in the tissues of flowering plants, but itegise function
remains unknown [20]. The committing step in metinie and s-adenosyl — L — methionine (SAM) synthési
catalyzed by cystathionine gamma-synthase (CGS)) [Hie effects of vitamin U on aminonucleoside-indd
nephrotic hyperlipidemia in rats were investigat€te results suggest that vitamin U may be usefusiagle or
combined therapy for human nephrotic syndrome tncklated hyperlipidemia as a safety drug [22 influence
of vitamin U on metabolism of nucleic acids in BIidMRE-600 has been studied by Lebenkaet al. iflaence of
vitamin U was compared with that of methionine. Aidd of vitamin U to the medium at the concentatiof 2.7-
10(-5) M increased the incorporation of 5-methyl-8tymidine into DNA by about 20% and the incorpaatof 2-
14C-uridine into the total RNA of the cells by abdid%. The electrophoretic separation of RNA inypolylamide
gels showed that vitamin U stimulated the incorporaof the label into 4s, 5s, 16s and 23s RNA vditfierent
intensity. The highest stimulation of the labeldrmoration has been observed in 16s RNA [23]. Mataim of
vitamin U has been studied in rats. Biotransfororatf this compound activity proceeds in the lju@dneys and
digestive tract. Metabolism of vitamin U in thedivand kidneys was found to proceed with via metiyh of
homocysteine with the formation of methionine araenzymatic hydrolysis to dimethylsulfide and hamigne. In

210



Asha D. Patelet al J. Chem. Pharm. Res,, 2012, 4(1):209-215

the digestive tract, only the activity of s-methwglnioninesulphonium hydrolase was found. The phggioal role

of the metabolic routes under study is discussdd. [Bhe role of butyrate has already been estaiisDGL-

glycyrrizinised licorice extracts and the sulpherided vitamin U can also be used, and there is aowdditional
factor that can work from with in. As a specificofb for health enhancing intestinal bacteria, itcemages the
proliferation of active endogenous bacteria anddda the formation of butyrate on site [25]. Sfieciutrients are
known to exert a positive physiological effect upitve intestinal membarns. Nutrients such as thosetioned
previously, like Fos, butyric acid (as serine batg). Vitamin U and DGL licorice extracts are halgfther factor
such as N.A.G. (N-Acetyl Glycosamine) ; Zinc assdebmagnesium ascorbate and vitamin A have a dioéztin

helping to heal the intestinal membarns [25].

Biological Significance of Vitamin U

Cabbage extract factor, also known as vitamin & been extensively studied as a source of antigeljter
dietary factor. Results of a number of experimarggied out in the medical research laboratorieStahdard
University medical school indicate than an ideatifidietary factor plays some role on the etiolofjpeptic ulcer.
[A] Bio Gastric: Watanabe et al developed the cytoprotective mgisin of vitamin U which may be mediated by
sulfhydryl compounds, and the increase in surfaceasal mucin may possibly be related to cytopraiaci26].
Study of Watanabe et.al. showed that L-cysteines@pnd vitamin U inhibited ethanol- induced gastriacosal
damage and increased the amount of surface muciat@s. This study examined whether Cys and vitalchin
augmented mucin secretion and changed distributfomucin vesicles ultrastructurally in mucous cdils using
primary cultured mucous cells from rabbit glandutaomach. Change in intracellular cyclic adenosdhe5'-
monophosphate (CAMP) and in levels of cytosolie @& were investigated by treatment with Cys and vitabhi
The present findings indicated that the increaseicin secretion by Cys & vitamin U was not mediatierough
the CAMP or C# signal transduction pathway, but might occur tigtonon-receptor — mediated mechanisms [27].
Vitamin U is effective against chronic gastric ubgtgon in the rat with sulfhydryl containing agehtss been studied
by Salim [28].

[B] DNA / RNA : The effect of vitamin U, a methyl group donor, arzgmatic methylation of DNA in E.coli MRE
600 cells was studied by Lebenka et al. It was dotirat vitamin U can be used as a donor of mettodigs during
bacterial DNA methylation in vivo without changirtpe specificity of DNA methylation [29]. The tRNA
methylation enzymes isolated from E.coli 113-3 gndw a medium with methionine or vitamin U differadthe
activity of transfer of the 14CHgroup from 14CH -S- adenosyl - L-methionine (SAM) to tRNA in the vitro
experiments in heterological systems consistintRMA methyltransferases from E. coli 113-3 and bstuate of
methylation, Viz. methyl deficient tRNA isolatedofn E. coli K12W6 [30]. Lebenka et al. suggested tihthe
types of RNA of E. coli grown in the mineral mediwontaining vitamin U showed an increased ration@G as
compared with the corresponding types of RNA o€di after its cultivation in the methionine comtaig mineral
medium [31]. Kocsis et al. indicates that the vitard cycle contributes to regulation of S-adenasgthionine
levels rather than preventing depletion of free INtatine [32]. Neuhierl et al. suggested that vitartdi was shown
to be the physiological methyl group donor for thestragalus (Fabaceae) bisulcatus selenocysteine
methyltransferase. A model system was set up igoli. which demonstrated that expression of the tpkamd
although to a much lesser degree, of the bacterghyltransferase gene increases selenium tolemmtastrongly
reduces unspecific selenium incorporation into girs, provided that vitamin U is present in the med It is
postulated that the selenocysteine methyltransfarader selective pressure developed from a vitéhilependent
thiol / selenol methyltransferase [33]. Lebenkaletstudied the effect of vitamin U on the rafeldC-uridine
incorporation into various categories of RNA in dali MRE-600 cells. Vitamin U stimulates the fornaet of
various categories of RNA and causes a quantitaiocrease in the RNA temperature fraction [34].

[C] Metabolism : Ranocha et al. indicates that the vitamin U cyclensumes half the AdoMet (S-
adenosylmethionine) produced, and suggests thatyitle serves to stop accumulation of AdoMet, nathan to
prevent depletion of free Methionine. Because plakick the negative feedback loops that regulate S-
adenosylmethionine pool size in other eukaryotes yvitamin U cycle may be the main mechanisms wiepéants
achieve short-term control of AdoMet level [35].WBgis et al indicate that vitamin U has a previgusirecognized
but often major role in sulfur transport in flowagi plants and that evolution of vitamin U syntheésighis group
involved a gene fusion event. The resulting bipartinzyme is unlike any other known as methyltrenasfe [36].
The physiological roles of the YkfD (a gene) andg®a(Escherichia Coli possesses a protein) prodajpear to
reside in the acquisition of vitamin U, which is abundant plant product, and its utilization for tiienine
biosynthesis [37]. Matsuo et al. studied a pharrwageal difference between vitamin U and methion{iMget) at
higher dose was tested on the fatty liver in clelieficient rats. Vitamin U normalized the fattydi. In contrast,
Methionine accelerated the syndrome accompanyitiyincreased liver weight [38].

[D] Bio Cholesterol : Nakamura et al. studied the effect of L-form vitamU in 26 patients with
hypercholesterolemia during the oral administratpmeriod for 8 weeks. The oral administration ofawiin U
resulted in the statistically significant decreafeserum total cholesterol but not of serum trighydes [39].
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Vitamin U markedly increased the fecal excretiorboth 14C-bile acids and 14C-neutral sterols in-thGlesterol
injected mice, and did not inhibit both intestimdisorption of 14C-cholesterol and biosynthesis4g-tholesterol
from 14C-acetate in mice [40]. Vitamin U dose-dagmmtly lowered the increased plasma LDL and nozedlithe
decreased HDL in dietary — induced hyperlipidenaits {41]. The conversion rate from 14C-cholestéwoits 7-
alpha-hydroxylated metabolites was studied in thiergsome system prepared from mice liver with the
pretreatment of vitamin U. In results, the increbamounts of 7-alpha-hydroxylated metabolites bgmin U show

a possible activate ion cholesterol 7-alpha-hydiasey [42].

[E] Biosynthesis : A continuous flow procedure has been developeDdnys et al. for the synthesis of 11C-methyl
iodide and L-(S-methyl-11C) methionine from 11{@3]. Methionine-192 forms a part of the bindingwce of
alpha-chymotrypsin. The aim of this investigatioasato find a nucleophile that would displace a yletlioup
from the sulfonium cation of [S-(13C) methylmehiogil92]-alpha-chymotrypsin without disrupting theef
disulfide bridges of the protein , thereby prodgcif{epsilon-13C) methionine-192]-alpha-chymotrypsiran
isotopically enriched version of the native enzydesirable for 13C NMR this was studied by Mattalet[44].
Homolog of the Sam4 and Mht 1 proteins exist ireotukaryotes, indicating that such enzymes woaldrbversal
and not restricted to the bacterial or fungal kimmpd. New pathways for AdoMet or vitamin U-dependent
methionine synthesis are presented by Thomas [@5.

General

Vitamin U a known stimulator of the methylation cgan, was studied by Blium et al. The experimardsducted
have shown that the methylation processes in alsthdied tissues (heart, liver, small intestineosa, thymus and
spleen) depend on the quaterin and the vitaminfétef46]. A study by Gessler and Bezzubov shoved vitamin
U is rapidly absorbed in body and accumulatesvierland kidneys of men and rates [47]. The antigibta effect
of vitamin U comes in conjunction with its ability exercise a protective action against lesiormefgastric mucosa
produced by acetyl-salicylic acid [48]. Trossatktsuggested that about 40% of the vitamin U wastkd in the
cholesterol in unsalinized W. biflora plants, assvaout 80% in salinized plants; the chloroplagtiol in both
cases was approximately 0-1 mumol mg-1 chl. Inrestt> or = 85% of the vitamin U was extrachlorsfilain pea
(pisum sativum L.) and spinach (spinacia oleracganhich lack 3’-dimethylsulfoniopropionate (DMSH)MSP
synthesis may be associated with enchanced acctiomutz vitamin U in the chloroplasm [49]. Vitamid was
found to be an intermediate in the biosynthesiDMSP-amine in Spartina-alternifloral [50]. Vitamild had
moderate radioprotective activity, the efficiencl mdioprotection was 15-30%, the value of doserebse
coefficient-1.2. Biological effect of vitamin U wagsobably provided by its ability to decrease theel of lipid
peroxidation and inhibit monoamine oxidase actiyi¥]. The importance of methyl group storage itawiin U is
shown by comparison with choline and choline phaspipools [52]. Vitamin U and S-adenosylmethiorimplant
tissue studied by a dansylation, dual-isotope ntetralysis by Macnicol [53].

Complexes of Vitamin U

Vitamin-U, an alpha-amino acid having ionic chl@ihas certain profound bio medical significanceer€his a
definite role of vitamin U in occurrence and treatrh of certain digestive system diseases like igastcer,
duodenal ulcer, hyperlipidemia etc. Applicationwvitmin U for several other diseases is also bsinglied to a
significant level. Metabolism, biosynthesis, ottaplications of vitamin U are also being studied uayious
research teams. In the bio-inorganic field commesdevitamin U in binary and ternary forms are ab®ing studied
for their stability, structure and biomedical applions. However, the study of vitamin-U biochemyiss still an
emerging field and a lot more is expected to comtdroa few decades.

Lipids per oxidation interaction reactions of vitanmJ) with nickel are reported in animals [54]. Syasis and
spectral characterization of Cu (IlI) with vitamindnd other ligands was carried out by Akbarov t¢a6). Mono
dentate N-bonded amino acids and vitamin U mixgdrd complexes of some 3d metal chlorides have &teieied
[56]. The mechanism of formation of isomeric conxgle of Cu (II), Co (1), and Zn (I1) with alpha rano acid has
been suggested [57]. The use of Co (lll) complexiés vitamin U and glutamic acid in treatment ofplaétis was
carried out using spectrophotometry [58]. The plaareutical compounds containing dimethylsulfoxidd aitamin
U are also considered for treatment of physioldganad mental treatment of physiological and meihdlth
problems [59]. Formation of 1:1:1 ternary compl@eaes [MAL] has been inferred and the relevantildgjium
has been established from pH measurements on téradtion of M* ions (M = L&", Pr, Sm, Gd) with ligand A
[HA=oxine] in the presence of the ligand L [HL=vitén U] in agueous medium at ionic strengtlof 0.2 and
at varying temperatures 25 & 35°C [60].
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Table I. Analytical Data and Some Physical Properts of the Metal Chelate,

Analysis (%) Found (Calculated)

Compound Molar Color Formula Yield Dbp.
Molecular Conductance Weight % () M C H N S Cl ©c
ohnil cn?
morl
[CrALCIO4]H0 02.01 Green 512.36 14.60 10.06 35.08 04.07 05.4206.20 13.81 >300
C15H21N20gCI>SCr (00.56) (10.15) (35.13) (04.10) (05.46) P39. (13.86)
[COAL]2H,0 01.87 Middle 437.79 14.68 13.44 41.10 05.15 06.24 07.27 08.06 >300
C15H23C0CINyO5S Buff (00.48) (13.46) (41.16) (05.25) (06.40) 7.@1) (08.11)
[NiAL] 2H20 01.89 Parrot 437.55 15.70 13.38 41.07 05.17 06.2007.28 08.05 >300
C15H23CINONIO5S (00.52) (13.412) (41.14) (05.26) (06.40) (07.31(08.11)
[CuAL]2H50 01.98 Yellowish 442.41 15.93 14.04 40.43 05.05 .186 07.18 07.98 >300
C15H23CuCINyO5S Green (00.53) (14.36) (40.69) (05.20) (06.33)07.43) (08.02)

aA=oxine anion; L=vitamin U anion; bdecomposition point.
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CONCLUSION

Vitamin U is a recently understood and importamnilecule having ionic structure with an alpha-aométid end
group. Biochemical importance of this compound é&nb understood now with significant research whbekng

carried out by various terms. This presumed vitangis noteworthy impact on gastro intestinal trao some other
beneficial effects too. This molecule also easilynfs complexes with various metal ions. Some unggoperties
of this molecule will lead to exciting bio chemiegdplications in future.
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