
NOVEL COMPOUNDS AS GLP-I AGONISTS Field of Invention
The present invention relates to novel compounds of
general formula (I), their tautomeric forms, novel
intermediates involved in their synthesis, their
pharmaceutically acceptable salts and pharmaceutical
compositions containing them. A-Xi- S1-Y-S 2-X2-B (I)
In particular, the present invention relates to novel
Glucagon-Like Peptide- 1 (GLP-I) peptide mimics
(peptidomimetic), which act as GLP-I receptor agonists
and exhibit most of the biological activity of the
native GLP-I. Furthermore, these GLP-I peptidomimetics
exhibit increased stability to proteolytic cleavage,
especially against DPP-IV (Dipeptidyl peptidase-IV)
enzyme and can be delivered by both invasive and
various non-invasive routes of administrations such as
oral, nasal, buccal, pulmonary and transdermal route
of administration, for the treatment or prevention of
diabetes and related conditions. The present invention
also relates to a process of preparing compounds of
general formula (I), their tautomeric forms, their
pharmaceutically acceptable salts, pharmaceutical
compositions containing them, and novel intermediates
involved in their synthesis. Background to the
invention The GLP-I (7-36) amide is a product of the
preproglucagon gene, which is secreted from intestinal
L-cells, in response to the ingestion of food. The
physiological action of GLP-I has gained considerable
interest. GLP-I exerts multiple action by stimulating
insulin secretion from pancreatic b-cells, in a
glucose dependent manner (insulinotropic action).
GLP-I also lowers circulating plasma glucagon
concentration, by inhibiting its secretion from
a-cells (Drucker D. J., Endocrinology, 142, 521-527,
2001). More recently, it has become clear that GLP-I
also exhibits properties like stimulation of b-cell
growth, appetite suppression, delayed gastric emptying
and stimulation of insulin sensitivity (Nauck, Horm.
Metab. Res., 47, 1253-1258, 1997). The venom of the
GiIa Monster Heloderma Suspectuni contains a 39 amino
acid peptide called Exendin-4 (EX-4) that shares
around 50 % sequence identity to GLP-I itself,
exhibits a very potent GLP-IR (Glucagon like peptide-1
receptor) agonist activity (Thorens B., Diabetes, 42,
1678 - 1682, 1993). Indeed, it was found that EX-4 is
much more potent than native GLP-I peptide, because of
its relatively longer halflife (25 min., iv route of
administration), compared to GLP-I (2-5 min., iv route
of administration). Exendin-4 binds with greater
affinity to the GLP-IR, due to presence of the nine
extra C-terminal sequence (Doyle M.E., Regulatory
Peptides, 114, 153-158, 2003). Thus, the above stated
pharmacological properties of GLP-IR agonists make it
a highly desirable therapeutic agent for the treatment
of diabetes. Native or synthetic GLP-I peptide is
rapidly metabolized by the proteolytic enzymes, such
as dipeptidyl peptidase-IV (DPP-IV) into an inactive
metabolite, thereby limiting the use of GLP-I as a
drug. Currently, various analogs of GLP-I and EX-4,
such as Liraglutide / NN2211 (Novo Nordisk; Phase-Ill;
WO 1998 008871), BIM 51077 (Ipsen; Phase-II; WO 2000
034331), CJC-1 131 (ConjuChem; Phase-II; WO 2000
069911), ZP-10 (Zealand & Aventis; Phase-II; WO 2001
004156) are in different stages of clinical
development (Nauck M.A., Regulatory Peptides, 115,
13-19, 2004). However, all these peptides require
delivery via parenteral route of administration,
including BYETTA (r) (Exendin-4, AC 2933; WO 2001
051078), which is recently launched in the market
(Amylin & Lilly). Thus, there exists a critical need
to develop a biologically active GLP-I mimic that
possesses extended pharmacodynamic profiles. The GLP-I
R is a seven-transmembrane domain G-protein-coupled
receptor (GPCR) and it is located on the cell membrane
of pancreatic b-cells. The effector system of GLP-I R
is the Adenylyl Cyclase (AC) enzyme. Interaction of
GLP-I agonist with GLP-IR causes activation of AC,
which converts ATP to cAMP. Increase in the
intracellular cAMP level raises the ratio of ADP/ATP,
thereby initiating the cell depolarization (due to
closure of KATP channel). Increase in the
intracellular cAMP level also activates Protein Kinase
(PK-A & PK-C), which raises the cystolic Ca2+
concentration, by opening of L-type of Ca2+ channel.
An increase in the intracellular Ca2+ leads to
exocytosis of insulin, in pancreatic b-cells (Fehmann,
H.C., Endocr. Rev., 16, 390-410, 1995). A general
mechanism of peptide ligand interaction with class-B
GPCRs has emerged recently, termed the 'two-domain'
model (Hoare S.R.J., Drug Discovery Today, Vol. 10
(6), 417-427, 2005). In this two-domain model, the
C-terminal portion of the peptide binds to the
N-domain of the receptor and the N-terminal ligand
region binds to the J-domain (transmembrane) region of
GPCR. This interaction activates the receptor and
thereby stimulates intracellular signaling. The
receptor binding and activation occurs in two separate
domains of Exendin, but they are closely coupled in
GLP-l (Eng J., J.B.C, 272 (34), 21291-21296,
1997).Prior art Earlier, Bristol-Myers Squibb (BMS),
Princeton, NJ (US), reported human GLP-I mimics, with
general formula Xaal-Xaall, wherein Xaal-Xaa9
represent the first 1-9 residues of GLP-I peptide with
some analogs wherein Xaa2 represents either Ala or is
optionally replaced with Aib, and Xaa6 represents Phe
or is optionally replaced with a-Me-Phe(2-F)-OH and
XaalO & Xaall represents combination of substituted or
unsubstituted biphenyl alanine (Bip) derivatives (WO
03/ 033671A2; US 2004/ 0127423 Al; WO 2004/ 094461 A2;
US 2006 / 0004222 Al and WO 2006/ 014287 Al). The
present invention provides novel GLP-I peptide mimics
of formula (I) (hereinafter referred to as
peptidomimetics), which act as a GLP-IR agonist and
exhibit most of the biological activity of the native
GLP-I peptide. Furthermore, these GLP-I
peptidomimetics exhibit increased stability to
proteolytic cleavage, especially against DPP-IV enzyme
and therefore, surprisingly found to have an increased
half-life making them suitable for the treatment /
mitigation / prophylaxis of both type 1 & type 2
diabetes, metabolic disorders, obesity and related
disorders. Summary of the invention The present
invention describes a group of novel peptidomimetics
useful for the treatment of diabetes. These compounds
are defined by the general formula (I) as given below.
The compounds of the present invention are useful in
the treatment of the human or animal body, by
regulation of insulin secretion. The compounds of this
invention are therefore suitable for the
treatment/mitigation/regulation or prophylaxis of both
type 1 & type 2 diabetes and obesity. Preferred
embodiments The main object of the present invention
is to provide novel compounds of general formula (I),
their tautomeric forms, novel intermediates involved
in their synthesis, their pharmaceutically acceptable
salts, their pharmaceutically acceptable solvates and
pharmaceutical compositions containing them or their
mixtures, suitable for the treatment
treatment/mitigation/regulation of diabetes. 



In an embodiment is provided a process for the
preparation of novel compounds of general formula (I),
their tautomeric forms, their pharmaceutically
acceptable salts, pharmaceutically acceptable solvates
and pharmaceutical compositions containing them.In
another embodiment, is provided pharmaceutical
compositions containing compounds of general formula
(I), their tautomeric forms, their pharmaceutically
acceptable salts, solvates and their mixtures having
pharmaceutically acceptable carriers, solvents,
diluents, excipients and other media normally employed
in their manufacture. In a further another embodiment
is provided the use of the novel compounds of the
present invention as antidiabetic agents, by
administering a therapeutically effective & non-toxic
amount of the compound of formula (I), or their
pharmaceutically acceptable compositions to the
mammals those are need of such treatment.
Abbreviations used The following abbreviations are
employed in the examples and elsewhere herein: Aib =
a-Aminoisobutyric acid, ACN or MeCN = Acetonitrile,
Bip = Biphenylalanine residue, Bip(4-fluro)=
4-fluoro-biphenylalanine residue, Bip(2-Me)= 2-methyl
biphenyl residue, Bip(2-Et)= 2-ethyl biphenyl residue,
Bip(2-CN)= 2-nitrile biphenyl residue, Bip(2-Ipr)=
2-Isopropyl biphenyl residue, Bip(2'-Et-4'-OMe)=
2-ethyl-4-methoxy-biphenyl residue, Bip(2-F)=
2-fluro-biphenyl residue, Bn = Benzyl, Boc =
tert-Butoxycarbonyl, But= O-tert-butyl group,
Adenosine 3',5 '-cyclic monophosphate, DCM =
Dichloromethane, DMF = N,N-Dimethylformamide, DIPCDI=
Di-isopropylcarbodiimide, DIPEA=
Diisopropylethylamine, 4-DBF=4-dibenzofuran-Phe-OH
residue, 4-DBT=4-dibenzothiophene-Phe-OH residue,
Dihydro-Phen=2-(9, 10-Dihydro-phenanthrenyl]-AIa-OH
residue, Et = Ethyl,Et2O = Diethyl ether, Fmoc =
Fluorenylmethoxycarbonyl, 2-Flu=2-Fluorenyl-Ala-OH
residue, g = Gram (s), GTT = Glucose Tolerance Test,
GLP-IR = Glucagon Like Peptide-1 Receptor, h = Hour
(s), HOBt - Hydroxybenzotriazole, HOAT=
7-Aza-hydroxybenzotriazole, HBTU =
2-(lH-benzotriazole-l-yl)-l,l,3,3-tetramethyl aminium
hexafluorophosphate, HPLC = High Performance Liquid
Chromatography, L - Liter, LC /MS = Liquid
Chromatography / Mass Spectrometry,
4-(2'-Me-Ph)-3-Pyr-Ala=
4-(2'-methylphenyl)-3-pyridylalanine residue, Me =
Methyl, . Min = minute (s), ml = milliliter, ml =
microliter, mg = milligram (s), mmol = millimole (s),
fmol = fantomolar MS= Mass Spectrometry,
1-Nap=4-(1-Naphthyl)-Phe residue,
2-Nap=4-(2-Narhthyl)-Phe residue,
Phen=2-(Phenanthrenyl)-Ala-OH residue, Pbf=
Pentamethylbenzofuran-5 -sulfonyl, PyBOP =
Benzotriazole-1-yl-oxy-tris-pyrrolidino-phosphonium
hexafluorophosphate, SPPS = Solid Phase Peptide
Synthesis, Sc = sub-cutaneous,
TrPh=4-phenyl-biphenylalanine residue, TMS =
Trimethylsilyl, TIPS = Triisopropylsilane, TFA =
frifluoroacetic acid, TBTU=
2-(lH-benzotriazole-l-yl)-l,l,3,3-tetramethylaminium
tetrafluoroborate,Trt= Trityl group, (a-Me)Phe(2-F)-
a-methyl-2-fluoro-phenylalanine residue, -(N(Me))-=
N-methylated amide bond, D-Alanine represented by 'a'
and D-Bip represent 'D'-Biphenyl alanine residue, ip =
intra-peritoneal, Sequence of GLP-I peptide =
NH2-HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-CONH 2 (30 amino
acids). The 30 amino acids of said GLP-I peptide are
shown in Seq ID 1. HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR -Seq
ID 1 Sequence of Exendin-4 =
NH2-HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS-CONH 2 (39
amino acids). The 39 amino acids of Extendin -4 are
shown in Seq ID 2.
HGEGTFTSDLSKQMEEEAVRLFIEWLKNGGPSSGAPPPS -Seq ID 2
Detailed description In accordance with the present
invention, synthetic GLP-I analog peptides /
peptidomimetics are provided, which have the
structural formula (I), wherein, A represents -NH-R 1
wherein R1 represents hydrogen, groups selected from
linear or branched (C1-C1 ) alkyl chain, such as
methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl,
t-butyl, pentyl, isopentyl, hexyl, heptyl, octyl,
decyl groups and the like, an amino acid or peptide
containing one, two or three natural amino acid
residues, R3-COgroup, such as
(2-Hydroxy-phenyl)-acetyl group and the like, R
O-C(O)- group, such as Fmoc group and the like, a
sulfonyl group of formula R3-SO2- each of these groups
may be substituted, wherein R3 is selected from linear
or branched (C1-C10) alkyl, such as methyl, ethyl,
propyl, isopropyl, n-butyl, iso-butyl, t-butyl,
pentyl, isopentyl, hexyl, 



heptyl, octyl, decyl groups and the like, (C3-C )
cycloalkyl, such as cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl groups and the like, aryl
groups selected from phenyl, napthyl, indanyl,
fluorenyl, biphenyl and the like, heteroaryl groups
selected from pyridyl, thienyl, furyl, imidzolyl,
benzofuranyl and the like, arylalkyl groups selected
from benzyl, naphthylmethyl and the like, each of
these groups may be substituted;B represents -COOR 2,
-CONHR2 or CH2OR , R represents H, groups selected
from linear or branched (C1-C1O) alkyl group, such as
methyl, ethyl, propyl, isopropyl, nbutyl, iso-butyl,
t-butyl, pentyl, isopentyl, hexyl, heptyl, octyl,
decyl groups and the like, aryl groups selected from
phenyl, napthyl, indanyl, fluorenyl, biphenyl and the
like, aralkyl groups, each of these groups may be
substituted, each of Si and S may independently be a
bond or independently represents a group ' -
NH-(CH2)n-COO-', where, n=l-9; such as derivatives of
amino acetic acid, amino propionic acid, amino
butanoic acid, amino pentanoic acid, amino
hexanoicacid, amino heptanoic acid, amino octanoic
acid, amino-nonanoic acid, amino-decanoic acid and the
like; Y represents a bond or -CO-, -(CH2)m- (m 1-3),
O', 'S1, -CO-NH-, -CO-NR4-, or represents a short
peptide containing one or two or three amino acids
selected from natural or non-natural amino acids;
where R4 represents H, optionally substituted groups
selected from linear or branched (Ci-C10) alkyl group
such as methyl, ethyl, propyl, isopropyl, n-butyl,
isorbutyl, t-butyl, pentyl, isopentyl, hexyl, heptyl,
octyl, decyl groups and the like, aryl groups selected
from phenyl, napthyl, indanyl, fluorenyl, biphenyl and
the like; with the proviso that i) when S1-Y-S2
represents a bond, X1 is selected from the following
amino acid sequences HAEGTFTSD (Seq ID 3), HAEGTFTSDV
(Seq ID 4), HAEGTFTSDVS (Seq ID 5), HAEGTFTSDVSS (Seq
ID 6), HAEGTFTSDVSSY (Seq ID 7), HAEGTFTSDVSSYL (Seq D
8), HAEGTFTSDVSSYLE (Seq ID 9), HAEGTFTSDVSSYLEG (Seq
ID 10), HAEGTFTSDVSSYLEGQ (Seq ID 11),
HAEGTFTSDVSSYLEGQA (Seq JD 12), HAEGTFTSDVSSYLEGQAA
(Seq ID 13), HAEGTFTSDVSSYLEGQAAK (Seq TD 14),
HAEGTFTSDVSSYLEGQAAKE (Seq ID 15),
HAEGTFTSDVSSYLEGQAAKEF (Seq ID 16),
HAEGTFTSDVSSYLEGQAAKEFI (Seq ID 17), with the further
option that one or more of these amino acids may be
replaced by unnatural amino acids, and X2 is selected
from the following amino acid sequences GPSSGAPPPS
(Seq ID 18)or KELEKLL (Seq ID 19)or GPPS or (Seq ID
20) VKGR (Seq ID 21); ii) and when SpY-S 2 does not
represent a bondX1 is selected from the following
amino acid sequences HA (Seq ID 22), HAE (Seq ID 23),
HAEG (Seq ID 24), HAEGT (Seq ID 25), HAEGTF (Seq ID
26), HAEGTFT (Seq ID 27), HAEGTFTS (Seq ID 28),
HAEGTFTSD (Seq ID 29) with the further option that one
or more of these amino acids may be replaced by
unnatural amino acids; X2 is selected from GPSSGAPPPS
(Seq ID 18) or KELEKLL (Seq ID 19)or GPPS (Seq ID
20)or VKGR (Seq ID 21)or a dipeptide, selected from
combination of two amino acids, consisting of natural
or unnatural amino acids, having a side chain
containing an arylalkyl or heteroarylalkyl moieties
selected from benzyl, napthylmethyl, pyridylmethyl,
thienylmethyl, furylmethyl, imidazolylmethyl,
isooxazolylmethyl, quinolylmethyl, benzofuranylmethyl,
benzothienylmethyl, indolinylmethyl, indolylmethyl,
dibenzofuranylmethyl, dibenzothienylmethyl,
benzodihydrofuranylmethyl, benzodihydrothienylmethyl,
thienopyrimidylmethyl, benzimidazolylmethyl,
phenanthrenylmethyl, dihydrophenanthrenylmethyl,
fluorenylmethyl, dibenzofuranylmethyl,
dibenzothiophenyl methyl groups and the like, where
each of these groups may be optionally substituted
with (Q-C lkyl group such as methyl, ethyl, propyl,
isopropyl, n-butyl, iso-butyl, t-butyl, pentyl,
isopentyl, hexyl groups and the like, (Ci-Ce)alkoxy
group such as methoxy, ethoxy, propoxy, butoxy,
pentoxy, hexanoxy groups, cyano, halo group such as
chloro, bromo, iodo, fluoro groups, hydroxy or
optionally substituted aryl or heteroaryl groups
selected from phenyl, napthyl, pyridyl, thienyl,
furyl, imidazolyl, isooxazolyl, quinolyl,
benzofuranyl, benzothienyl, indolinyl, indolyl,
dibenzofuranyl, dibenzothienyl, benzodihydrofuranyl,
benzodihydrothienyl, thienopyrimidyl, benzimidazolyl,
phenanthrenyl, dihydrophenanthrenyl, fluorenyl,
dibenzofuranyl, dibenzothiophenyl and the like, with
the further provision that such aryl or heteroaryl
substituents may further be optionally substituted
with (Ci-Ce)alkyl, cyano, halo, hydroxy or aryl or
heteroaryl groups. In a preferred embodiment, the
dipeptide sequence may comprise of one or more amino
acids selected from Bip, Bip(2-Me), Bip(2-Et),
Bip(2-Ipr), Bip(2-CN), Bip(2'-Et-4'-OMe), Bip(4'
-fluoro), Bip(4'-Phenyl),
2-(9,10-Dihydro-phenanthrenyl]-Ala,
2-(Phenanthrenyl)-Ala, 4-(2-Naphthyl)-Phe,
4-(l-Naphthyl)-Phe, 2-Fluorenyl-Ala,
4-dibenzofuran-Phe, 4-dibenzothiophene-Phe, 4-(2
'-methylphenyl)-3-pyridylalanine; The term 'natural
amino acids' indicates all those twenty amino acids,
which are present in nature. The term 'unnatural amino
acids' or 'non-natural amino acids' represents either
replacement of L-amino acids with corresponding
D-amino acids such as replacement of L-AIa with D-AIa
or L-Pro with D-Pro and the like or suitable
modifications of the L or D amino acids, amino alkyl
acids, either by - a-alkylation such as substitution
of Ala with a-methyl Ala (Aib), replacement of Phe
with a-methyl Phe, replacement of substituted Bip with
with a-methyl Bip; - N-alkylation with groups selected
from (C1-C6)alkyl or (C3-Ce)cycloalkyl groups; -
modification of side chain such as replacement of His
with histidine analogs such as 1-imidazolyl-alanine
(II) or des-amino-His, or replacement of phenyl ring
of Phe with pyridyl, napthyl, biphenyl groups; -
substitution on the side chain of amino acid such as
substitution of aromatic amino acid side chain with
halogen, (C1-C3)alkyl, aryl groups, more specifically
the replacement of Phe with 2 & 4-halo Phe; Such
'unnatural amino acids' or 'non-natural amino acids'
may be represented generally by the following
structure: (Ha) wherein Rs is selected from H, F,
(C1-Cs) alkyl, the stereochemical configuration at the
carbon bearing R5 may be (R) or (S); R is selected
from H or (C1-C3) alkyl; each of R7 and R is
independently selected from H, (C1-C3) alkyl, such as
methyl and ethyl or 



halogen atom, preferably fluorine atom; R9 represents
groups, selected from (C1-Cs) alkyl, aryl or heteroryl
moieties selected from phenyl, napthyl, pyridyl,
thienyl, furyl,imidazolyl, isooxazolyl, quinolyl,
benzofuranyl, benzothienyl, indolinyl, indolyl,
dibenzofuranyl, dibenzothienyl, benzodihydrofuranyl,
benzodihydrothienyl, thienopyrimidyl, benzimidazolyl,
phenanthrenyl, dihydrophenanthrenyl, fluorenyl,
dibenzofuranyl, dibenzothiophenyl groups, where each
of these groups may be optionally substituted with
(Ci-C6)alkyl, (Ci-C6)alkoxy, cyano, halo, hydroxy or
optionally substituted aryl or heteroaryl groups, with
the further provision that such aryl or heteroaryl
substituents may further be optionally substituted
with (d-C 6)alkyl, (C1- Cd)alkoxy, cyano, halo,
hydroxy or aryl or heteroaryl groups.List of Fmoc
protected Bip analogs used for the synthesis of GLP-I
peptidomimetics
Fmoc-4-(2'-methylphenyl)-3-pyridylalanine-OH
4'-OMe)-OH Fmoc-Bip(2-CN)-OH Fmoc-Bip(2-Me)-OH
Fmoc-Bip-OH Fmoc-Bip(2-Ipr)-OH Fmoc-Bip(4-Ph)-OH
Fmoc-Bip(4-F)-OH Fmoc-2-(Phenanthrenyl)-Ala-OH
Fmoc-2-Fluorenyl-AIa-OH Fmoc-4-dibenzofuran-Phe-OH
Fmoc-4-dibenzothiophene-Phe-OH The suitable
substituents include, but are not limited to the
following radicals, alone or in combination with other
radicals - hydroxyl, oxo, halo, thio, nitro, amino,
cyano, alkyl, haloalkyl, alkoxy, haloalkoxy,
cycloalkyl, aryl, aryloxy, aralkyl,
aralkoxy,heteroaryl, heteroaralkyl, heteroaryloxy,
heteroaralkoxy, acyl, acyloxy, carboxylic acid and its
derivatives such as esters and amides; The various
groups, radicals and substituents used anywhere in the
specification are described in the following
paragraphs. The term "alkyl" used herein, either alone
or in combination with other radicals, denotes a
linear or branched radical containing one to ten
carbons, such as methyl, ethyl, n-propyl, iy-propyl,
"-butyl, sec-butyl, tert-butyl, amyl, ?-amyi,
"-pentyl, nhexyl, wo-hexyl, heptyl, octyl, decyl and
the like. The term "cycloalkyl" used herein, either
alone or in combination with other radicals, denotes a
radical containing three to seven carbons, such as
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl and the like. The term "aryl" or
"aromatic" used herein, either alone or in combination
with other radicals, denotes an aromatic system
containing one, two or three rings wherein such rings
may be attached together in a pendant manner or may be
fused, such as phenyl, naphthyl, tetrahydronaphthyl,
indane, biphenyl, and the like. , The term 'arylalkyl"
denotes an alkyl group, as defined above, attached to
an aryl, such as benzyl, phenylethyl, naphthylmethyl,
and the like. The term "aryloxy" denotes an aryl
radical, as defined above, attached to an alkoxy
group, such as phenoxy, naphthyloxy and the like,
which may be substituted. The term "aralkoxy" denotes
an arylalkyl moiety, as defined above, such as
benzyloxy, phenethyloxy, naphthylmethyloxy,
phenylpropyloxy, and the like, which may be
substituted. The term "heteroaryl" or "heteroaromatic"
used herein, either alone or in combination with other
radicals, denotes an aromatic system containing one,
two or three rings wherein such rings may be attached
together in a pendant manner or may be fused
containing one or more hetero atoms selected from O, N
or S, such as pyridyl, thienyl, furyl, pyrrolyl,
oxazolyl, thiazolyl, isothiazolyl, imidazolyl,
isoxazolyl, oxadiazolyl, thiadiazolyl, triazolyl,
tetrazolyl, benzopyranyl, benzopyranonyl,
benzofuranyl, benzothienyl, indolinyl, indolyl,
azaindolyl, azaindolinyl, benzodihydrofuranyl,
benzodihydrothienyl, pyrazolopyrimidinyl,
pyrazolopyrimidonyl, azaquinazolinyl,
azaquinazolinoyl, pyridofuranyl, pyridothienyl,
thienopyrimidyl, thieopyrimidonyl, quinolinyl,
pyrimidinyl, pyrazolyl, quinazolinyl, quinazolonyl,
pyrimidonyl, pyridazinyl, triazinyl, benzoxazinyl,
benzoxazinonyl, benzothiazinyl, benzothiazinonyl,
benzoxazolyl, benzothiazolyl, benzimidazolyl,
benzotriazolyl,phthalazynil, naphthylidinyl, purinyl,
carbazolyl, phenothiazinyl, phenoxazinyl, and the
like. The term "heteroaralkyl" used herein, either
alone or in combination with other radicals, denotes a
heteroaryl group, as defined above, attached to a
straight or branched saturated carbon chain containing
1 to 6 carbons, such as (2-furyl)methyl, (3-
furyl)methyl, (2-thienyl)methyl, (3-thienyl)methyl,
(2-pyridyl)methyl, 1-methyl- 1-(2- pyrimidyl)ethyl and
the like. The terms "heteroaryloxy", "heteroaralkoxy",
"heterocycloxy denotes heteroaryl, heteroarylalkyl,
groups respectively, as defined above, attached to an
oxygen atom. The term "acyl" used herein, either alone
or in combination with other radicals, denotes a
radical containing one to eight carbons such as
formyl, acetyl, propanoyl, butanoyl, wo-butanoyl,
pentanoyl, hexanoyl, heptanoyl, benzoyl and the like,
which may be substituted. The term "carboxylic acid"
used herein, alone or in combination with other
radicals, denotes a -COOH group, and includes
derivatives of carboxylic acid such as esters and
amides. The term "ester" used herein, alone or in
combination with other radicals, denotes -COO- group,
and includes carboxylic acid derivatives, where the
ester moieties are alkoxycarbonyl, such as
methoxycarbonyl, ethoxycarbonyl, and the like, which
may be substituted. Unless otherwise indicated, the
term 'amino acid' as employed herein alone or as part
of another group includes, without limitation, an
amino group and a carboxyl group linked to the same
carbon, referred to as 'a' carbon. The absolute 'S'
configuration at the 'a' carbon is commonly referred
to as the 'L' or natural configuration. The 'R'
configuration at the 'a' carbon is commonly referred
to as the 'D' amino acid. In the case where both the
'a-substituents' is equal, such as hydrogen or methyl,
the amino acids are GIy or Lib and are not chiral. The
term 'receptor modulator' refers to a compound that
acts at the GLP-I receptor to alter its ability to
regulate downstream signaling events. Example of
receptor modulators includes agonist, partial agonist,
inverse agonist, allosteric potentiators. Preferably,
the isolated peptidomimetics are a 3-30 mer and such
peptide bind to and activates the GLP-I receptor. In
accordance with the present invention, the synthetic
isolated peptidomimetics described herein possess the
ability to mimic the biological activity of GLP-I
peptide,with preference for agonist activity at
GLP-IR. These synthetic peptidomimetics GLP- 1 mimetic
exhibit desirable in-vivo properties, thus making them
ideal therapeutic candidates for oral or parenteral
administration. The present invention provides for
compounds of formula (I) pharmaceutical compositions
employing such compounds either alone or in
combination and for methods of using such compounds.
In particular, the present invention provides a
pharmaceutical composition comprising a
therapeutically effective amount of a compound of
formula (I), alone or in combination(s), with a
pharmaceutically acceptable carrier. Further provided
is a method for treating or delaying the progression
or onset of 



diabetes, especially type II diabetes, including
complications of diabetes, including retinopathy,
neuropathy, nephropathy and delayed wound healing and
related diseases such as insulin resistance (impaired
glucose homeostasis), hyperglycemia, hyperinsulinemia,
elevated blood levels of fatty acids or glycerol,
obesity, hyperlipidemia including
hypertriglyceridemia, syndrome X, atherosclerosis and
hypertension, wherein a therapeutically effective
amount of a compound of formula (I) or their
combination(s) are administered to a mammal, example,
human, a patient in need of treatment. Several
synthetic routes can be employed to prepare the
compounds of the present invention well known to one
skilled in the art of peptide synthesis. The compounds
of formula (I), where all symbols are as defined
earlier can be synthesized using the methods described
below, together with conventional techniques known to
those skilled in the art of peptide synthesis, or
variations thereon as appreciated by those skilled in
the art. Referred methods include, but not limited to
those described below. The peptidomimetics thereof
described herein may be produced by chemical synthesis
using suitable variations of various solid-phase
techniques generally known such as those described in
G. Barany & R. B. Merrifield, "The peptides: Analysis,
synthesis, Biology"; Volume 2- "Special methods in
peptide synthesis, Part A", pp. 3- 284, E. Gross & J.
Meienhofer, Eds., Academic Press, New York, 1980; and
in J. M. Stewart and J. D. Young, "Solid-phase peptide
synthesis" 2nd Ed., Pierce chemical Co., Rockford, II,
1984. The preferred strategy for preparing the
peptidomimetics of this invention is based on the use
of Fmoc-based SPPS approach, wherein Fmoc
(9-Fluorenyl-methylmethyloxycarbonyl) group is used
for temporary protection of the a-amino group,
incombination with the acid labile protecting groups,
such as t-butyloxy carbonyl (Boc), tert-butyl (Bu ),
Trityl (Trt) group for temporary protection of the
amino acid side chains (see for example E. Atherton &
R.C. Sheppard, "The Fluorenylmethoxycarbonyl amino
protecting group", in "The peptides: Analysis,
synthesis, Biology"; Volume 9 - "Special methods in
peptide synthesis, Part C", pp. 1-38, S. Undenfriend &
J. Meienhofer, Eds., Academic Press, San Diego, 1987).
Examples of orthogonally protected amino acids used in
Fmoc-solid phase peptide synthesis for the synthesis
of peptidomimetics The peptidomimetics can be
synthesized in a stepwise manner on an insoluble
polymer support (resin), starting form the C-terminus
of the peptide. In an embodiment, the synthesis is
initiated by appending the C-terminal amino acid of
the peptide to the resin through formation of an
amide, ester or ether linkage. This allows the
eventualrelease of the resulting peptide as a
C-terminal amide, carboxylic acid or alcohol,
respectively. In the Fmoc-based SPPS, the C-terminal
amino acid and all other amino acids used in the
synthesis are required to have their a-amino groups
and side chain functionalities (if present)
differentially protected (orthogonal protection), such
that the a-amino protecting group may be selectively
removed during the synthesis, using suitable base such
as 20% piperidine solution, without any premature
cleavage of peptide from resin or deprotection of side
chain protecting groups, usually protected with the
acid labile protecting groups. The coupling of an
amino acid is performed by activation of its carboxyl
group as an active ester and reaction thereof with
unblocked a-amino group of the N-terminal amino acid
appended to the resin. After every coupling and
deprotection, peptidyl-resin was washed with the
excess of solvents, such as DMF, DCM and diethyl
ether. The sequence of a-amino group deprotection and
coupling is repeated until the desired peptide
sequence is assembled. The peptide is then cleaved
from the resin with concomitant deprotection of the
side chain functionalities, using an appropriate
cleavage mixture, usually in the presence of
appropriate scavengers to limit side reactions. The
resulting peptide is finally purified by reverse phase
HPLC. The synthesis of the peptidyl-resins required as
precursors to the final peptides utilizes commercially
available cross-linked polystyrene polymer resins
(Novabiochem, San Diego, CA). Preferred for use in
this invention are Fmoc-PAL-PEG-PS resin, 4-(2',
4'-dimethoxyphenyl-Fmoc-aminomethyl)-phenoxyacetyl-/7-
methyl benzhydrylamine resin (Fmoc-Rink amide MBHA
resin), 2-chloro-Trityl-chloride resin or p -
benzyloxybenzyl alcohol resin (HMP resin) to which the
C-terminal amino acid may or may not be already
attached. If the C-terminal amino acid is not
attached, its attachment may be achieved by HOBt
active ester of the Fmoc-protected amino acid formed
by its reaction with DIPCDI. In case of
2-Chloro-trityl resin, coupling of first
Fmoc-protected amino acid was achieved, using DIPEA.
For the assembly of next amino acid, Nterminal
protection of peptidyl resin was selectively
deprotected using a solution of 10- 20 % piperidine
solution. After every coupling and deprotection,
excess of amino acids and coupling reagents was
removed by washed with a DMF, DCM and ether. Coupling
of the subsequent amino acids can be accomplished
using HOBt or HOAT active esters produced from DIPCDI/
HOBt or DIPCDI/HOAT, respectively. In case of some
difficult coupling, especially coupling of those amino
acids, which are hydrophobic oramino acids with bulky
side chain protections, complete coupling can be
achieved using a combination of highly efficient
coupling agents such as HBTU, PyBOP or TBTU, with
additives such as DIPEA. General Scheme for Fmoc-Based
SPPS: 20% Piperidine Deprotection Acylation HOBt &
DIPCDI Deprotection Aoylation Final cleavage with TFA
mixture Peptide + ResinThe synthesis of the peptide
analogs described herein can be carried out by using
batchwise or continuos flow peptide synthesis
apparatus. The non-natural non commercial amino acids
present at different position were incorporated into
the peptide chain, using one or more methods known in
the art. In one approach, a Fmoc-protected non-natural
amino acid was prepared in solution, using appropriate
literature procedures. For example, the Fmoc-protected
Bip analogs, described above, were prepared using
modified Suzuki cross coupling method, as known in
literature (for e.g. Tetrahedron Letter 58, 9633-9695,
2002). The Fmoc-protected a-methylated amino acids
were prepared using asymmetric Strecker synthesis, as
described for e.g. in Org. Letters 3(8), 1121-1124,
2001. The Fmoc-protected N-methylated amino acids were
prepared using a literature method as described in for
e.g. JOC, 2005, 70, 6918-6920. The resulting
derivative was then used in the step-wise synthesis of
the peptide. Alternatively, the required non-natural
amino acid was built on the resin directly using
synthetic organic chemistry procedures and a linear
peptide chain were build. The peptide-resin precursors
for their respective peptidomimetics may be cleaved
and deprotected using suitable variations of any of
the standard cleavage 



procedures described in the literature (see, for
example, D. S. King et al. Int. J. peptide Protein
res. 36, 1990, 255 - 266). A preferred method for use
in this invention is the use of TFA cleavage mixture,
in the presence of water and TIPS as scavengers.
Typically, the peptidyl-resin was incubated in TFA /
Water /TIPS (94:3:3; V: V: V; 10 ml / 100 mg of
peptidyl resin) for 1.5-2 hrs at room temperature. The
cleaved resin is then filtered off, the TFA solution
is concentrated or dried under reduced pressure. The
resulting crude peptide is either precipitated or
washed with Et O or is re-dissolved directly into DMF
or 50 % aqueous acetic acid for purification by
preparative HPLC. Peptidomimetics with the desired
purity can be obtained by purification using
preparative HPLC. The solution of crude peptide is
injected into a semi-Prep column (Luna l Om; C1 ; 100
A), dimension 250 X 50 mm and eluted with a linear
gradient of ACN in water, both buffered with 0.1 %
TFA, using a flow rate of 15 -50 ml /min with effluent
monitoring by PDA detector at 220 nm. The structures
of the purified peptidomimetics can be confirmed by
Electrospray Mass Spectroscopy (ES-MS) analysis. All
the peptide prepared were isolated as
trifluoro-acetate salt, with TFA as a counter ion,
after the Prep-HPLC purification. However, some
peptides were subjected for desalting, by passing
through a suitable ion exchange resin bed, preferably
through anion-exchange resinDowex SBR P(Cl) or an
equivalent basic anion-exchange resin. In some cases,
TFA counter ions were replaced with acetate ions, by
passing through suitable ion-exchange resin, eluted
with dilute acetic acid solution. For the preparation
of the hydrochloride salt of peptides, in the last
stage of the manufacturing, selected peptides, with
the acetate salt was treated with 4 M HCl. The
resulting solution was filtered through a membrane
filter (0.2 mm) and subsequently lyophilized to yield
the white to off-white HCl salt. Following similar
techniques and/or such suitable modifications, which
are well within the scope of persons skilled in the
art, other suitable pharmaceutically acceptable salts
of the peptidomimetics of the present invention were
prepared. In a preferred embodiment, the present
invention provides a method of making a
peptidomimetics that mimics the activity of an
endogenous polypeptide GLP-IR agonist. In another
preferred embodiment, the polypeptide receptor agonist
is GLP-I. The novel compounds of the present invention
can be formulated into suitable pharmaceutically
acceptable compositions by combining with suitable
excipients as are well known. The pharmaceutical
composition is provided by employing conventional
techniques. Preferably the composition is in unit
dosage form containing an effective amount of the
active component, that is, the compounds of formula
(I) either alone or combination, according to this
invention. The quantity of active component, that is,
the compounds of formula (I) according to this
invention, in the pharmaceutical composition and unit
dosage form thereof may be varied or adjusted widely
depending upon the particular application method, the
potency of the particular compound and the desired
concentration. By way of guidance, the daily oral
dosage of the active ingredient, when used for the
indicated effects, will range between about 0.001 to
1000 mg/kg of body weight, preferably between about
0.01 to 100 mg/kg of body weight per day and most
preferably between about 0.6 to 20 mg/kg/day. General
method of preparation of peptidomimetics, using SPPS
approach: Assembly of peptidomimetics on resin:
Sufficient quantity (50-100 mg) of Fmoc-PAL-PEG-PS
resin or Fmoc-Rink amide MBHA resin, loading: 0.5-0.6
mmol / g was swelled in DMF (1-10 ml /100 mg of resin)
for 2-10 minutes. The Fmoc-group on resin was then
removed by incubation of resin with 10-30 % piperidine
in DMF (10-30 ml / 100 mg of resin), for 10-30
minutes. Deprotected resin was filtered and washed
excess of DMF, DCM and ether (50 ml X 4). Washed resin
was incubated in freshly distilled DMF ( 1 ml / 100 mg
ofresin), under nitrogen atmosphere for 5 minutes. A
0.5 M solution of first Fmocprotected amino acid (1-3
eq.), pre-activated with HOBt (1-3 eq.) and DIPCDI
(1-2 eq.) in DMF was added to the resin, and the resin
was then shaken for 1-3 hrs, under nitrogen
atmosphere. Coupling completion was monitored using a
qualitative ninhydrin test. After the coupling of
first amino acid, the resin was washed with DMF, DCM
and Diethyl ether (50 ml X 4). For the coupling of
next amino acid, firstly, the Fmocprotection on first
amino acid, coupled with resin was deprotected, using
a 10-20% piperidine solution, followed by the coupling
the Fmoc-protected second amino acid, using a suitable
coupling agents, and as described above. The repeated
cycles of deprotection, washing, coupling and washing
were performed until the desired peptide chain was
assembled on resin, as per general scheme above.
Finally, the Fmoc-protected peptidyl-resin prepared
above was deprotected by 20% piperidine treatment as
described above and the peptidyl-resins were washed
with DMF, DCM and Diethyl ether (50 ml X 4). Resin
containing desired peptide was dried under nitrogen
pressure for 10-15 minutes and subjected for cleavage/
deprotection. Cleavage and deprotection: The desired
peptidomimetics were cleaved and deprotected from
their respective peptidyl-resins by treatment with TFA
cleavage mixture as follows. A solution of TFA / Water
/ Triisopropylsilane (95: 2.5: 2.5) (10 ml / 100 mg of
peptidylresin) was added to peptidyl-resins and the
mixture was kept at room temperature with occasional
starring. The resin was filtered, washed with a
cleavage mixture and the combined filtrate was
evaporated to dryness. Residue obtained was dissolved
in 10 ml of water and the aqueous layer was extracted
3 times with ether (20 ml each) and finally the
aqueous layer was freeze-dried. Crude peptide obtained
after freeze-drying was purified by preparative HPLC
as fulluws: Preparative HPLC purification of the crude
peptidomimetics: Preparative HPLC was carried out on a
Shimadzu LC-8A liquid chromatograph. A solution of
crude peptide dissolved in DMF or water was injected
into a semi-Prep column (Luna l Om; C1 ; 100 A0),
dimension 250 X 50 mm and eluted with a linear
gradient of ACN in water, both buffered with 0.1 %
TFA, using a flow rate of 15 -50 ml / min, with
effluent monitoring by PDA detector at 220 ran. A
typical gradient of 20 % to 70 % of water-ACN mixture,
buffered with 0.1 % TFA was used, over a period of 50
minutes, with 1% gradient change per minute. The
desired product eluted werecollected in a single 10-20
ml fraction and pure peptidomimetics were obtained as
amorphous white powders by lyophilisation of
respective HPLC fractions. HPLC analysis of the
purified peptidomimetics After purification by
preparative HPLC as described above, each peptide was
analyzed by analytical RP-HPLC on a Shimadzu LC-IOAD
analytical HPLC system. For analytic HPLC analysis of
peptidomimetics, Luna 5m; C18; 100 A, dimension 250 X
4.6 mm column was used, with a linear gradient of 0.1%
TFA and ACN buffer and the acquisition of chromatogram
was carried out at 220 nm, using a PDA detector.
Characterization by Mass Spectrometry Each peptide was
characterized by electrospray ionisation mass
spectrometry (ESI-MS), either in flow injection or
LC/MS mode. Triple quadrupole mass 



spectrometers (API-3000 (MDS-SCIES, Canada) was used
in all analyses in positive and negative ion
electrospray mode. Full scan data was acquired over
the mass range of quadrupole, operated at unit
resolution. In all cases, the experimentally measured
molecular weight was within 0.5 Daltons of the
calculated monoisotopic molecular weight.
Quantification of the mass chromatogram was done using
Analyst 1.4.1 software. Utilizing the synthetic
methods described herein along with other commonly
known techniques and suitable variations thereof, the
following GLP-I peptidomimetics were prepared. This
list is indicative of the various groups of
peptidomimetics, which can be prepared according to
the present invention, and are expected to at least
include obvious variations of these compounds.
However, such disclosure should not be construed as
limiting the scope of the invention in any way. Table
1:Establishment of a Human Embryonic Stem Cell Line
Using Mammalian Cells. CROSS-REFERENCES TO RELATED
APPLICATIONS This application claims priority to the
provisional Indian Application No. 595/MUM/2005, filed
May 17, 2005. STATEMENTREGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT Not applicable. REFERENCE TO A
"Microfiche Appendix" Not applicable. BACKGROUND OF
THE INVENTION 1. FIELD OF THE INVENTION The present
disclosure relates to the isolation, maintenance and
propagation of human embryonic stem cells (KESC) from
the inner cell mass of surplus embryos. This
disclosure also relates to the characterization of
isolated human ES cell lines, thereby demonstrating
their in vitro differentiation potential and their
prospective use in cell therapy and drug screening. 2.
DESCRIPTION OF RELATED ART Pluripotent stem cells that
are derived from the inner cell mass of a blastocyst
are referred to as embryonic stem cells, while stem
cells derived from primordial germ cells of the
developing gonadal ridge are referred to as embryonic
germ cells (Shamblott et al, (1998) Proc. Natl. Acad.
Sci. U.S.A. 95(23):13726-31). Embryonic stem (ES)
cells have been derived from the inner cell mass (ICM)
of mammalian blastocysts (Evans and Kaufman, (1981)
Nature, 292(5819):151-9; Martin, (1981) Proc. Natl.
Acad. Sci. U.S.A., 78:7634-8). These cells are
pluripotent, and are capable of developing into any
organ or tissue type. ES cells are capable of
proliferating in vitro in an undifferentiated state,
maintaining a normal karyotype through prolonged
culture, and maintaining the potential to
differentiate into derivatives of all three embryonic
germ layers (i.e., mesoderm, ectoderm and endoderm)
(Itskovitz-Eldor et al., (2000) MoL Med.,
6(2):88-95).ES cells represent a powerful model system
for the investigation of mechanisms underlying
pluripotent cell biology and differentiation within
the early embryo, as well as providing opportunities
for genetic manipulation. Appropriate proliferation
and differentiation of ES cells can be used to
generate an unlimited source of cells, suitable for
cell-based therapies of diseases that result from cell
damage or dysfunction. ES cells have been isolated
from the ICM of blastocyst-stage embryos in mice
(Solter and Knowles, (1975) 72(12):5099-5102), as well
as several other species. For example, pluripotent
cell lines have also been derived from
pre-implantation embryos of several domestic and
laboratory animal species, such as bovine (Evans et
al, (1990), Theriogenology, 33:125-8), porcine (Evans
et al., (1990) supra; Notarianni et al, (1990) J .
Reprod. Fertil. SuppL, 41:51-6), sheep and goat
(Meinecke-Tillmann and Meinecke, (1996), J. Animal
Breeding and Genetics, 113:413-26; Notarianni, et al,
(1991), J . Reprod. Fertil. SuppL, 43:255-60) rabbit
(Giles et al, (1993) MoI. Reprod. Dev., 36(2):130-8;
Graves et al, (1993) MoI. Reprod. and Dev., 36:424-
33), mink (Sukoyan et al, (1992), MoL Reprod. and
Dev., 33:418-31), rat (Iannaccona et al, (1994), Dev.
Biology, 163:288-92), hamster (Doetschman et al,
(1985) J. Embryol. Exp. MorphoL, 87:27-45), and rhesus
and marmoset monkeys (Thomson et al, (1995) Proc.
Natl. Acad. ScL 92(17):7844-8; and Thomson, et al,
(1996), Biol. Reprod., 55:254-59). Thomson et al
(1998) Science, 282(5391):1 145-7; and Reubinoff et al
(2000) Nat. Biotech., 18(5):559) have reported the
derivation of human ES cell lines. Early work on ES
cells was done in mice (Doetschman et al., (1985) J.
Embr. Exp. MorphoL, 87:27-45). Mouse ES cells are
undifferentiated pluripotent cells derived in vitro
from preimplantation embryos, and maintain an
undifferentiated state through serial passages when
cultured in the presence of fibroblast feeder layers
and leukemia inhibitory factor (LIF). Although
research with mouse ES cells facilitates the
understanding of developmental processes and genetic
diseases, significant differences in human and mouse
development limit the use of mouse ES cells as a model
of human development. The morphology, cell surface
markers and growth requirements of ES cells derived
from other species are significantly different than
for mouse ES cells. Further, mouse and human embryos
differ significantly in temporal expression of
embryonic genes, such as in the formation of the egg
cylinder versus the embryonic disc (Kaufman, The Atlas
of Mouse Development; London; Academic Press, 1992),
in the proposed derivation of some early lineages
(O'Rahilly and Muller; Developmental stages in Human
Embryos, Washington; Carnegie Institution of
Washington, 1987), in the structure and functionof the
extraembryonic membranes and placenta (Mossman,
Vertebrate Fetal membranes; New Brunswick; Rutgers,
1987), in growth factor requirements for development
(e.g., the hematopoietic system- Lapidot Lab. Animal
Sciences 1994), and in adult structure and function
(e.g., central nervous system). To overcome these
differences and to have a better insight into human
embryonic development, ES cells were successfully
established from primates (Thomson et al., 1995 and
1998). The cell lines currently available that most
closely resemble human ES cells are human embryonic
carcinoma (EC) cells, which are pluripotent, immortal
cells derived from teratocarcinomas (Andrews, et al.,
Lab. Invest. 50(2): 147-162, 1984; Andrews, et al, in:
Robertson E., ed. Teratocarcinomas and Embryonic Stem
Cells: A Practical Approach. Oxford: IRL press, pp.
207-246, 1987). EC cells can be induced to
differentiate in culture, and the differentiation is
characterized by the loss of specific cell surface
markers (SSEA-3, SSEA-4, TRA-1-60, and TRA-1-81) and
the appearance of new markers (Andrews, et al., 1987,
supra). Human EC cells will form teratocarcinomas in
nude mice with derivatives of multiple embryonic
lineages in the tumors. Similar mouse EC cell lines
have been derived from teratocarcinomas, and, in
general, their developmental potential is much more
limited than mouse ES cells (Rossant, et al., (1984),
Cell Differ. 15:155-161). Teratocarcinomas are tumors
derived from germ cells, and although germ cells (like
ES cells) are theoretically totipotent (i.e., capable
of forming all cell types in the body), the more
limited developmental potential and the abnormal
karyotypes of EC cells are thought to result from
selective pressures in the teratocarcinoma tumor
environment (Rossant and Papaioannou, 1984). ES cells,
on the other hand, are thought to retain greater
developmental potential because they are derived from
normal embryonic cells in vitro, without the selective
pressures of the teratocarcinoma environment. The
first human pluripotent ES cell line was published in
1998 (Thomson et al., (1998) supra). A few years
later, human embryonic stem cell lines ("human ES cell
lines") were established from human blastocysts
(Reubinoff et al., (2000) supra). To date, the
majority of described 



human ES cell lines have been derived from day 5 to
day 8 blastocysts produced for clinical purposes after
in vitro fertilization (FVF) or intracytoplasmic sperm
injection (ICSI). In addition, the isolation of ICM
from the morula (day 4 embryo) stage has also been
reported (Giles et al., 1993).Human ES cells can be
isolated from human blastocysts. Human blastocysts can
be obtained from human in vivo pre-implantation
embryos or from IVF embryos, intracytoplasmic sperm
injection, ooplasm transfer, or other methods well
known to those of skill in the art. Human ES cells may
be derived from a blastocyst using standard
immunosurgery techniques as disclosed in U.S. Patent
Nos. 5,843,780 and 6,200,806, Thomson et al, (1998)
supra, and Reubinoff et al, (2000) supra (each
incorporated herein by reference), whole
embryo-culture method, or by a unique method of laser
ablation (U.S. Serial No. 10/226,711, incorporated
herein by reference). Alternatively, a single cell
human embryo can be expanded to the blastocyst stage.
Although numerous human ES cell lines have been
derived to date, only a few of them are well
characterized in terms of their unique identity,
self-renewal capacity and differentiation potential
(Brimble et al., (2004), Stem Cells Dev., 13:585-7).
One method well known to those of skill in the art for
generating human ES cells is by immunosurgery. This
method involves removing the zona-pellucida from the
blastocyst and isolating the ICM by immunosurgery, in
which the trophectoderm cells are lysed and removed
from the intact ICM by gentle pipetting. The ICM is
then plated in a tissue culture flask containing the
appropriate medium, which enables its outgrowth. After
9 to 15 days, the ICM derived outgrowth is dissociated
into clumps either by a mechanical dissociation or by
enzymatic degradation, and the cells are re-plated in
a fresh tissue culture medium. Colonies demonstrating
undifferentiated morphology are individually selected
by micropipette, mechanically dissociated into clumps,
and re-plated. Resulting ES cells are then routinely
split every 1-2 weeks to maintain the cells in a
generally undifferentiated state. For a more detailed
description of the immunosurgery technique, see U.S.
Pat. No. 5,843,780; Thomson et al, (1998) supra;
Thomson et al., (1998) Curr. Top. Dev. Biol. 38:133;
Thomson et al, (1995) supra; Bongso et al, (1989) Hum.
Reprod. 4(6):706-13; Gardner, et al, (1998), Fert. and
Sterility, 69(l):84-8), each of which is incorporated
herein by reference. Methods of maintaining human ES
cells in an undifferentiated pluripotent state include
but are not limited to culturing the cells in the
presence of a feeder layer, under feeder-free
conditions, in the presence of conditioned medium,
and/or on an extra-cellular matrix supplemented with
serum or conditioned medium. The feeder layers may be,
for example, g-irradiated or mitomycin-C treated mouse
embryonic fibroblast (MEF) cells or human fibroblast
cells. When cultured in a standard culture environment
in the absence of a feeder layer, human ES cells may
rapidly differentiate or fail to survive. Unlike
murine ES cells, the presence of exogenouslyadded LIF
does not prevent differentiation of human ES cells.
Feeder cell layers are used to provide a
microenvironment (or niche) to prevent stem cells from
differentiating along their natural course. These
feeder layers appear to provide the stem cells with
external signals such as secretion of factors and
cell-to-cell interactions mediated by integral
membrane proteins. Watt and Hogan, (2000) Science
287(5457):1427-30. In light of the fact that secretion
factors and direct cell-to-cell interactions control
in vitro survival, proliferation, and differentiation
of the stem cells, an ideal environment should consist
of healthy feeder tissues with normal microstructures
and functions, or simulate such an environment.
Examples of feeder cells include but are not limited
to: (1) irradiation-inactivated mouse embryonic
fibroblasts; (2) mitotically (mitomycin C) inactivated
mouse embryonic fibroblasts; and (3)
irradiationinactivated STO fibroblast feeder layers.
See Thomson et al., (1998) supra; Reubinoff et al.
(2000) supra; and Shamblott et al., (1998) Proc. Natl.
Acad. Sci. U.S.A. 95(23): 13726-31. In spite of the
progress in effectively culturing ES cells, several
significant disadvantages with these methods still
exist. For example, exposure to animal pathogens
through MEF-conditioned medium or matrigel matrix is
still a possibility. The major obstacle of the use of
human ES cells in human therapy is that the originally
described methods to propagate human ES cells involve
culturing the human ES cells on a layer of feeder
cells of non-human origin, and in the presence of
nutrient serum of non-human origin. More recently,
extensive research into improving culture systems for
human ES cells has concentrated on the ability to grow
ES cells under serum free/feeder-free conditions. For
example, to ensure a feeder-free environment for the
growth of human ES cells, a substitute system based on
medium supplemented with serum replacement (SR),
transforming growth factor bl (TGF-bl), LIF, bFGF and
a fibronectin matrix has also been tried (Amit et al
(2004), Biol. Reprod. 70(3):837-45). Evaluation of
methods for derivation and propagation of
undifferentiated human ES cells on human feeders or
feeder-free matrices continues. Detailed
characterization of human ES cells may include
analysis at the cellular and molecular level, as well
as an analysis of the regulation of cell cycle,
expression of high telomerase activity, genetic
stability, particular HLA and STR types, and
differentiation potential under in vitro and in vivo
conditions. The profile of surface antigens displayed
in undifferentiated human ES cells matches that of
human ES cells and human EC cells. Undifferentiated
human ES express globoseries cell surface markers such
as stage specific embryonic antigens (SSEAs), for
example SSEA-3 and SSEA-4, as well as tumor
recognition antigens, for example TRA-1-60 and
TRA-I81. In addition, human ES cells express POU5F1,
promoter-encoded transcription factor OCT-4,
E-cadherin and the gap junction protein connexin-43
(Andrews et al., 2002). Unlike mouse ES cells,
undifferentiated human ES cells do not express SSEA-I.
Undifferentiated human ES cells stain positively for
alkaline phosphatase, and demonstrate high telomerase
activity indicative of their increased capacity for
self-renewal. The genetic stability of human ES cells
can be assessed by using the standard G-banding
technique, which is well-known to a person of ordinary
skill in the art. Normally human ES cells maintain a
stable karyotype, either 46 XX or 46 XY, even after
prolonged continuous culture. With increased
passaging, however, the cells tend to show abnormal
karyotypes including trisomies of chromosomes 12-17
and the X chromosome. The unlimited proliferative
potential of ES cells is directly correlated with
telomerase activity. A Telomerase Repeat Amplification
Protocol (TRAP) assay may be performed to assess
telomerase activity in a particular ES cell line. The
assay may be performed either using a radioisotopic
method (Thomson et al., (1998), supra, or a
non-radioisotopic method (Oh et al., (2004) Stem
Cells, 23(2):21 1-19). Human ES cells have the
potential to differentiate into all cell types of the
human body. The developmental potential of these cells
after prolonged culture may be examined in vitro
through the formation of embryoid bodies and in vivo
through the formation of teratomas in SCID mice (Evans
M J and Kaufman M, (1983) supra). To confirm that
human ES cells retain their in vitro differentiation
capacity, embryoid bodies can be formed in suspension
culture and analyzed by RT-PCR and immunocytochemistry
for markers representing each of the three germ layers
(Itskovitz-Eldor, (2000) supra, and Shamblott et al.,
(1998) supra). Human ES cells offer insight into
developmental events, which cannot be studied in
explant systems. Screens based on the in vitro
differentiation of human ES cells to specific lineages
can identify gene targets, which can be used to design
or reprogram tissue generation or regeneration, as
well as identify teratogenic or toxic compounds.
Replacement of non-functional cells, tissues, or
organs using ES cell technology may offer a
therapeutic treatment in the case of degenerative
diseases like Parkinsons disease, stroke, cardiac
ischemia, hepatic failure, juvenile-onset diabetes
mellitus, or other diseases or conditions that result
from the death or dysfunction of one or several cell
types (Wobus and Boheler, (2005), Physiol. Rev.,
85(2):635-8). Nevertheless, in 



order for the potential therapeutic applications of
human ES cell technology to become reality, techniques
must enable the production of enriched human
ES-cell-derived specialized cell typesunder defined
growth conditions, a pathogen-free environment, and
survival under extended in vitro conditions. At
present, there are a limited number of human ES cell
lines available and they represent a very small sample
of the genetic diversity of the human population.
Hence, there is an urgent need for the generation and
characterization of additional cell lines, as each
cell line may have its own set of characteristics and
advantages for different applications in a particular
population. Furthermore, the availability of more
human ES cell lines for comparison will facilitate the
global efforts to define the criteria of human ES
cells and the establishment of appropriate and robust
methods for the maintenance and expansion of human ES
cells. BRIEF SUMMARY OF THE INVENTION The present
disclosure is directed to the isolation and
identification of pluripotent human embryonic stem
(ES) cells with certain genetic characteristics that
will allow the human ES cells to be more effectively
utilized to the advantage of a particular population,
for example the Indian population. Preferably, the
human ES cells will have human leukocyte antigen (HLA)
alleles which express HLAs that are generally
compatible with a significant percentage of the target
population. While certain of the HLAs identified may
be expressed by less than half of those in the target
population, this frequency is still considered
significant, since therapeutic treatments generated
from the ES cell lines which express compatible HLAs
are more likely to be effective in that subset of the
target population. An embodiment of the present
disclosure is directed to a purified preparation of
pluripotent human ES cells, wherein the cells
comprise: (i) the ability to differentiate to
derivatives of endoderm, mesoderm, and ectoderm
tissues, (ii) a normal karyotype, (iii) the ability to
propagate in an in vitro culture for at least about 25
passages, and (iv) one or more of the HLA alleles set
forth in Table 4. The preparation of pluripotent human
ES cells may further comprise any number of the HLA
alleles set forth in Table 4. Preferably, the cells
comprise the entire HLA profile set forth in Table 4.
The human ES cells of the present disclosure
preferably have one or more of the additional
characteristics that have been identified with human
ES cells. For example, thehuman ES cells of the
present disclosure (1) may proliferate in an in vitro
culture for over one year; (2) are inhibited from
differentiating when cultured on a fibroblast feeder
layer (e.g., a mouse or human fibroblast feeder layer)
or under feeder-free conditions; (3) are positive for
the SSEA-3 and SSEA-4 markers; (4) are positive for
the TRA-1-60, and TRA-I -81 markers; (5) express
alkaline phosphatase; (6) express high levels of
telomerase; or (7) are capable of forming embryoid
bodies when placed in suspension culture. Li preferred
embodiments, the preparation remains substantially
undifferentiated after about 40 passages in culture,
more preferably after about 60 passages in culture,
and most preferably after about 100 passages in
culture. Although colonies of undifferentiated ES
cells within the preparation may be adjacent to
neighboring cells that are differentiated, the
preparation will nevertheless remain substantially
undifferentiated when the preparation is cultured or
passaged under appropriate conditions, and individual
undifferentiated ES cells constitute a substantial
proportion of the cell population. Preparations that
are substantially undifferentiated contain at least
about 20% undifferentiated ES cells, and may contain
at least about 40%, 60%, 80%, or 90% ES cells. In
another preferred embodiment, the human ES cells of
the present disclosure further comprise one or more of
the short tandem repeat (STR) loci set forth in Table
5, and may comprise any number, including all, of the
STR loci set forth in Table 5. Another embodiment of
the present disclosure is directed to methods of
selecting a pluripotent human ES cell line that will
provide improved HLA matching for individuals in a
particular population of interest, for example the
Indian population, by screening human ES cells for
expression of certain HLA alleles that commonly found
in the population of interest. HLA alleles are
commonly found in the population of interest if they
are present in at least about 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, or 95% of individuals in the
population of interest. The population of interest may
be based on nationality, ethnicity, or genetic
characteristics of a particular group of individuals.
Those of skill in the art are aware of HLA alleles
that are commonly found in various populations of
interest. Potential transplantation therapies with
cells, tissues or organs derived from human ES cells
will be- governed by typical HLA matching criteria,
for example potential recipients will have to be
matched for suitable HLA loci with the donor human ES
cell line. Therefore, the identification of such human
ES cell lines has great potential value for
therapeutic treatments.BRIEF DESCRIPTION OF THE
DRAWINGS The following drawings form part of the
present specification and are included to further
demonstrate certain aspects of the present disclosure,
the inventions of which can be better understood by
reference to one or more of these drawings in
combination with the detailed description of specific
embodiments presented herein. Figure 1 shows
photomicrographs of a human blastocyst at low (100X)
and high (200X) magnification. This blastocyst was
used to establish the Relicell hESl cell line.
Photograph 1.2 shows a day 6 blastocyst at high
magnification with a clearly visible zona-pellucida,
monolayered trophectoderm and a poorly developed ICM.
The grade of the embryo was Grade-C (See Gardner et
al, (2000) Fertil. Sterility, 73:1155-58). .Figure 2
shows photographs of mouse embryonic fibroblast (MEF)
cells used for the culture and propagation of the
Relicell(tm) hESl cell line. Photograph 2.1 shows MEF
cells at 80-90% confluency, 48-hours post plating;
Photograph 2.2 shows an hESC colony on MEF for
morphological analysis, and demonstrates healthy
growth of the hESC colony grown; Photographs 2.3 and
2.4 show positive immunostaining of hESC on MEF with
Oct-3/4 and SSEA-4 antibodies, respectively;
Photograph 2.5 demonstrates the expression by RT-PCR
of the following ES-cell markers in the hESC grown on
MEF cells: GAPDH, Oct-4, Nanog, Rexl, TDGFl, Sox-2,
Thyl, and FGF4 genes. Figure 3 shows a set of
phase-contrast photomicrographs demonstrating the
morphology of Relicell(tm) hESl cells at progressive
days of plating upon MEF layers in a media containing
human LIF (lOng/ml). The ICM attached after day 1 of
plating and gradually expanded on the MEF cells after
up to 12 days. At day 12, a human ES cell colony is
isolated and passaged to propagate the cell line.
Panel 1: day 1 of plating; Panel 2 : day 4 of plating;
Panel 3: day 5 of plating; Panel 4 : day 6 of plating;
Panel 5: day 8 of plating; and Panel 6: day 12 of
plating. Figure 4 is a set of phase-contrast
photomicrographs demonstrating the morphology of
undifferentiated hESC colonies at different passages
starting from passage 10 up to passage 30. Photograph
3.1 shows a compact hESC colony at passage 10 on
healthy looking MEF cells, which not only provide
nutrition to the ES cells but also facilitate their
maintenance in an undifferentiated state. Photograph
3.2 shows an hESC colony at passage 15. Photograph 3.3
shows the hESC at passage 20. Photograph 3.4, taken at
a higher magnification (200X), demonstrates at passage
30 the distinct cell borders, high nucleus to
cytoplasm ratio, andprominent nucleoli of
undifferentiated hESC. The hESC were maintained in a
medium comprising DMEM-F12 supplemented with 10% FBS
and human LIF (lOng/ml). Figure 5 is a set of eight
photomicrographs showing phenotypic expression of
different ES cell markers detected by
immunocytochemistry for cells grown on MEF cells.
Photograph 5.1 shows Oct-3/4 (+) hESC; Photograph 5.2
shows SSEA-3 (+) hESC; Photograph 5.3 shows SSEA-4 (+)
hESC; Photograph 5.4 shows Tra-1-60 (+) hESC;
Photograph 5.5 shows Tra-1-81 (+) hESC; 



Photograph 5.6 shows Connexin-43 (+) hESC; Photograph
5.7 shows E-cadherin (+) hESC; and Photograph 5.8
shows Alkaline phosphatase (+) immunostaining of hESC
fixed in 4% paraformaldehyde. All of the markers
analyzed are carbohydrate-rich cell-surface antigens
except Oct-3/4, which is a POU5F1 promoter-encoded
transcription factor, and Connexin-43, which is a gap
junction molecule. The immunofluorescence analysis was
carried out at every 5th passage during the
propagation of Relicell(tm) hESl, and all antibodies
used were FITC-labeled. Figure 6 is a photograph
illustrating gene expression profiling of
undifferentiated genes in the Relicell(tm) hESl cell
line at passage 22, thereby establishing the
pluripotency of the cell line in long-term culture.
The RT-PCR analysis was carried out at every 5th
passage during the propagation of the Relicell(tm)
hESl cell line. The markers include from left to
right: Lane 1: 100 bp marker; Lane 2: GAPDH (892 bp);
Lane 3: Oct-4 (247 bp); Lane 4 : Nanog (262 bp); Lane
5: Rexl (306 bp); Lane 6: Sox2 (448 bp); Lane 7: Thyl
(272 bp); Lane 8: FGF4 (374 bp); Lane 9: ABCG2 (684
bp); Lane 10: Dppa5 (353 bp); Lane 11: UTFl (230 bp);
Lane 12: Criptol (217 bp); Lane 13: FoxD3 (165 bp);
Lane 14: hTERT (187 bp); Lane 15: Connexin-43 (295
bp); Lane 16: Connexin-45 (819 bp); and Lane 17: 100
bp marker. The enhanced expression of the hTERT gene
is indicative of the high self-renewal capacity of the
human ES cell line. GAPDH is used as a housekeeping
gene control. Details of the primers used to amplify
the undifferentiated genes are provided in Table 1.
Figure 7 shows an analysis of a teratoma formed after
the injection of ReliCell(tm) hESl cells into a SCID
mouse. A pluripotent hESC line will differentiate into
cells derived from all three embryonic germ layers
when injected into SCID mice. Panel A: low power view
of the teratoma; Panel B: demonstration of endoderm
derivation (intestinal epithelium); Panels C and D:
demonstration of ectoderm derivation (neural tissue);
and Panels E and F: demonstration of mesoderm
derivation (blood cells and bone, respectively).Figure
8 is a picture of a 1.5% agarose gel showing
substantial telomerase activity in the ReliCell(tm)
hESl cell line at passage 37 using PCR-based
SYBER-Green staining. 6 mg of total protein were
loaded for each assay. Lane 1: NTERA-2; Lane 2 :
NTERA-2 (Heat inactivated); Lane 3: MEF; Lane 4: MEF
(Heat inactivated); Lane 5: ReliCell(tm) hESl (p37);
Lane 6: ReliCell(tm) hESl (r37, Heat inactivated);
Lane 7: Internal control; Lane 8: TSR8 control
template (1.5 ml, provided with the kit). Figure 9
shows four photographs of embryoid bodies at
increasing days in suspension culture maintained in a
suitable medium (w/o hLIF) to induce differentiation
in vitro. Photograph 8.1 shows a loose
aggregate/colony of human ES cells after 6 days in
suspension culture; Photograph 8.2 shows a compact
embryoid body at day 10; Photograph 8.3 demonstrates
the initiation of blood island formation at day 14;
and Photograph 8.4 shows dense formation of blood
islands at day 21, which is the evidence of
angiogenesis in vitro. Figure 10 shows
photomicrographs demonstrating the in vitro
differentiation potential of the Relicell(tm) hESl
cell line by immunochemistry of fixed embryoid bodies
(day 14) in 2-well chamber slides. Photograph 10.1
shows nestin (+) immunostaining (ectoderm);
Photographs 10.2 and 10.3 show smooth muscle actin and
brachyury (+) immunostaining respectively (mesoderm),
and Photographs 10.4 and 10.5 show AFP and GATA-4 (+)
immunostaining respectively (endoderm), thereby
confirming the RT-PCR results. All antibodies used for
the study were FITC-conjugated. Pictures were acquired
using a Nikon E600 inverted microscope. Figure 11
shows the differential gene expression of a set of
lineage-specific markers indicative of cells derived
from the three germ layers present in embryoid bodies
(passage 32) generated from Relicell(tm) human ESl
cell line, including: (1) Keratin 8, Keratin 15,
Keratin 18, NFH, Sox- 1 (ectoderm); (2) Brachyury,
MyoD, Msxl, HANDl, cardiac actin (mesoderm); and (3)
GATA- 4, AFP, HNF-3b, HNF-4a, albumin, and PDXl
(endoderm). The photograph demonstrates high rnRNA
levels of the aforesaid markers from day 10 to day 14
of embryoid body formation, thereby indicating in
vitro differentiation potential of the human ES cell
line into all three lineages. HEF cells were used as a
negative control, and GAPDH was used as a housekeeping
gene control. Figure 12 shows an evaluation of the in
vitro differentiation potential of Relicell(tm) hESl.
Phase contrast micrographs of examples of cells of
different phenotypes differentiated under suitable in
vitro conditions from undifferentiated human ES cells
through embryoid bodies formation asfollows: Panel A:
neurons with multiple processes; Panel C:
cardiomyocytes; Panel E: pancreatic-islet; and Panel
G: oval shaped hepatoblasts. In addition,
immunostaining of these differentiated cells was
performed with certain cell specific markers: Panel B:
MAP-2; Panel D: cardiac troponin-I; Panel F: PDX-I;
and Panel H: CKl 8. Figure 13 shows a graphical
representation of the exposure of HepG2, a
hepatocarcinoma cell line, to carbon tetrachloride
(0.6%) for various time intervals. In addition, levels
of the following enzymes were determined by
biochemical methods: Panel A: serum glutamate
oxaloacetate aminotransferase (SGOT); Panel B: serum
glutamate pyruvate amino-transferase (SGPT); Panel C:
alkaline phosphatase (ALP); and Panel D: lactate
dehydrogenase (LDH). Figure 14 shows the establishment
of mouse ES cell-derived hepatocytes as an in vitro
hepatotoxicity model. Hepatocytes were differentiated
from mouse ES cells and exposed to carbon
tetrachloride (0.6%) for 180 min in the absence and
presence of N-acetylcysteine (NAC), an antioxidant
(25mM). levels of the following enzymes were
determined by biochemical methods: Panel A: SGOT;
Panel B: SGPT; Panel C: ALP; and Panel D: LDH DETAILED
DESCRIPTION OF THE INVENTION The present disclosure is
directed to the establishment of well-characterized
human ES cell lines in terms of their unique identity,
self renewal capacity and differentiation potential.
In particular, human ES cell lines are generated which
have properties that are particularly well-suited for
generating therapeutic treatments for a specific
population of recipients. This population may be based
on nationality, ethnicity, or genetic characteristics
of a particular group of individuals. Such human ES
cell lines may offer characteristics and advantages to
that particular population for various applications
such as cell replacement therapy, drug screening, and
functional genomics. The human ES cells may be
identified as having certain advantages for treating a
particular population identified by certain genetic
properties, such as the presence of certain major
histocompatibility complex (MHC) alleles, human
leukocyte antigens (HLA), or short tandem repeat (STR)
identifiers, which are prevalent in the population of
interest. Isolating human ES cells with one or more
common genetic properties with the general population
increases the likelihood that these ES cells can be
used to develop therapeutic applications or other
information that will generally benefit that
population. For example, the more histocompatible the
human ES cells are with the general population of
interest, the more likelythat the ES cells can be used
to generate therapeutic treatments. In particularly
preferred embodiments, the population of interest is
the Indian population. The MHC is a region of the
chromosome containing HLA or MHC genes, which are
divided into three categories: class I, class II and
class III. In humans, the MHC class I genes include
HLAA, HLA-B and HLA-C, while the MHC class II genes
include HLA-DP, HLA-DQ and HLA-DR (Golub and Green,
1991, Immunology: A Synthesis, Second Edition, Chapter
15). MHC class I and class II molecules bind peptide
fragments of self- or foreign-antigens, and are
inspected on the cell surface by T lymphocytes. Thus,
these molecules can stimulate cellular or humoral
immune attack (Germain, 1994, Cell 76:287-299).
Complete product lines are commercially available for
typing all classical HLA loci including A, B, C, DRA,
DRBl DRB3, DRB4, DRB5, DQAl DQBl, DPAl, and DPBl. By
identifying ES cell lines with genetic factors such
as, for example, HLA alleles, which are more prevalent
in the general population, the cell lines 



can be used to derive therapeutic treatments that will
be more effective in the target population. For
example, a preferred embodiment of the present
disclosure is directed to generating human ES cell
lines that have a higher percentage of markers, such
as immunogenetic markers, in common with the Indian
population than a randomly isolated human ES cell
line. This will reduce the risk of immune rejection of
therapeutic treatments derived from the ES cells in
the population. For example, studies of the genetic
diversity of HLA isotypes in the North Indian
population have revealed a high occurrence of certain
HLA alleles in that population. For example, Mehra et
al., (2001) Tissue Antigens 57(6):502-7, observed an
unexpectedly low frequency of HLAA* 0201 (3.8%) in
Asian Indians, in contrast to its distribution in
Western Caucasions in whom it constitutes 95% of the
HLA-A2 repertoire. This example signals the importance
of identifying human ES cell lines that are generally
histocompatible with the patient population of
interest. Human ES cells of the present disclosure are
particularly advantageous due to several unique
properties of these cells, which: (1) Are capable of
differentiating into a variety of tissue types,
belonging to all three germ layers (endoderm,
ectoderm, and mesoderm); (2) Are self-renewing and
capable of propagating in culture for at least about
40 to about 100 passages or more while maintaining
pluripotency, high telomerase activity, and normal
karyotype;(3) Are capable of forming embryoid bodies
(EBs); (4) Possess a unique HLA allele, which will
provide better matching to recipients during
transplantation for a selected population of patients,
for example an Indian population; (5) Possess a unique
short tandem repeat (STR) type, which will provide
better matching to recipients during transplantation
for a selected population of patients, for example an
Indian population; (6) Can be used to screen
compounds, for example small molecules and drugs, for
their effect on the cell population, cell toxicity, or
modulation of gene or protein expression; and (7) Can
be used as an alternative to conventional in vitro
toxicity models for drug metabolism and toxicity
studies, using, for example, hepatocytes,
cardiomyocytes, neurons, pancreatic islet cells, or
other cellular types derived from human ES cells of
the present disclosure. A particularly preferred human
ES cell line, which is described herein, is the
Relicell(tm) hESl cell line (Mandal et al., (2006)
Differentiation 74:81-90, incorporated herein by
reference). This cell line has been deposited with the
National Center for Cell Sciences (NCCS), Pune, India,
and will be deposited in an international depository.
This cell line expresses high levels of cell surface
markers such as SSEA-3, SSEA-4, TRA-1-60, and
TRA-1-81, the transcription factor Oct-4, alkaline
phosphatase, and telomerase. This cell line retains
normal karyotype in longterm culture and has a
distinct identity as revealed by DNA fingerprinting by
STR analysis. Examination of the in vitro
differentiation potential of this cell line
demonstrated that it is capable of giving rise to
dopaminergic neurons, cardiomyocytes, pancreatic
islets, and hepatocyte-like cells belonging to
ectoderm, mesoderm, and endoderm lineages,
respectively. Human ES cells of the present disclosure
are generated from the inner cell mass (ICM) of the
blastocyst stage of a mammalian embryo. In preferred
embodiments, the pluripotent human ES cells are
capable of self-regeneration and can give rise to
cells of all three lineages (ectoderm, mesoderm and
endoderm). As used herein, the phrase "pluripotent
human ES cells" refers to cells that are derived from
the ICM of the blastocyst stage of a mammalian embryo.
Pluripotent cells are capable of self-regeneration and
differentiation to cells of all three lineages. As
usedherein the term "differentiation" refers to a
process whereby undifferentiated ES cells acquire a
state where cells are more specialized and have
characteristics of special tissues. These special
tissues show the expression of tissue-specific markers
at the cellular and molecular levels. The
differentiation potential of an ES cell line is the
capacity of the cell line to give rise to cell types
belonging to all three germ layers (ectoderm, mesoderm
and endoderm, including teratocarcinomas). The in
vitro differentiation potential of ES cells can be
demonstrated by culturing the cells under conditions
suitable for differentiation. In addition, the in vivo
differentiation potential of ES cells can be shown by
injecting the cells SCID mice. The pluripotent ES
cells of the present disclosure are lineage
uncommitted (i.e., they are not committed to a
particular germ lineage such as ectoderm, mesoderm and
endoderm). Pluripotent human ES cells may also have a
high self-renewal capacity and possess differentiation
potential, both in vitro and in vivo, or can remain
dormant or quiescent within a cell, tissue, or organ.
The isolated blastocyst from which human ES cell are
isolated may be produced by a number of methods well
known to those skilled in the art, such as in vitro
fertilization, intracytoplasmic sperm injection, and
ooplasm transfer. In certain embodiments, the isolated
human ES cells are grown on embryonic fibroblast cells
including, but not limited to, mouse embryonic
fibroblasts, human embryonic fibroblasts or
fibroblast-like cells derived from adult human
tissues. In other embodiments, the human ES cells are
grown under feeder-free conditions. A population of
human ES cells derived from blastocysts, as described
in the preferred embodiments, express specific markers
of ES cells, including but not limited to, Oct-45
Nanog, Rexl, Sox-2, FGF4, Utfl, Thyl, Criptol, ABCG2,
Dppa5, hTERT, Connexin-43, Connexin-45. Human ES cells
do not express markers characteristic of
differentiated cells, such as Keratin 5, Keratin 15,
Keratin 18, Sox-1, NFH (ectoderm); brachyury, Msxl,
MyoD, HANDl, cardiac actin (mesoderm); GATA4, AFP,
HNF-4alrha, HNF-3beta, albumin, and PDX 1 (endoderm).
The human ES cells also express cell surface markers
such as stage specific embryonic antigen 3 (SSEA-3),
SSEA-4, tumor-recognition antigen 1-60 ("TRA-1-60),
TRA-1-81, Oct-4, E-cadherin, Connexin- 43, and
alkaline phosphatase. Expression levels may be
detected by immunocytochemistry. The extensive
molecular characterization of the human ES cell lines
of the present disclosure may provide invaluable
insight into early embryonic development. In certain
embodiments of the present disclosure, isolated human
ES cells are cultured in a nutrient medium, preferably
which comprises growth factors, and maintained by
manualpassaging. As used herein the term "growth
factor" refers to proteins that bind to cell surface
receptors with the primary result of activating
cellular proliferation and differentiation through the
activation of signaling pathways. The majority of
growth factors/supplements are quite versatile and
capable of stimulating cellular division in numerous
different cell types, while the specificity of some
growth factors is restricted to certain cell types.
Growth factors may be used that are specific to
pluripotent ES cells and their induction to
differentiate into various lineages such as neurons,
hepatocytes, cardiomyocytes, beta-islets,
chondrocytes, osteoblast, myocytes, and the like. An
example of ES cell media contains 80% DMEM/F-12, 15%
ES-tested FBS, 5% Serum replacement, 1% nonessential
amino acid solution, ImM glutamine (GIBCO), 0.1% beta
mercaptoethanol, 4ng/ml human bFGF and 10ng/ml human
Leukemia inhibitory factor (LIF). The method of
manually passaging the cells is advantageous over the
commonly used method of passaging by enzymatic
treatment, because it helps to maintain the genetic
stability of the cell line. Maintenance of the normal
karyotype of a cell line is important for its use in
therapeutic purposes. Preferable, ES cells of the
present disclosure exhibit high levels of telomerase
activity as assessed by a non-radioactive PCR-based
Syber-Green detection method. This is indicative of
the high self-renewal capacity of the cells of the
present disclosure for at least about 40 passages in
culture, more preferably at least about 60 passages,
and most preferable at least about 100 



passages in culture. The human ES cells also
preferably possess normal euploid karyotypes and show
no gross alteration in chromosomes even after one year
in culture. The present disclosure further describes
the unique characteristics of the human ES cells as
evidenced by HLA and STR typing. HLA typing analyses
play a pivotal role in stem cell-based transplantation
therapies. The exploitation of tandemly repeated
elements in the genome by STR genotyping has also
become important in several fields including: genetic
mapping, linkage analysis, and human identity testing.
The presently disclosed human ES cell lines possess
unique HLA and STR types, which will provide better
matching during transplantation for the Indian
population. The human ES cells of the present
disclosure are pluripotent in nature, and have the
ability to differentiate into representatives of all
three germ layers in vivo. When injected into SCID
mice, human ES cells differentiate into cells derived
from all three embryonic germ layers including, but
not limited to, bone, cartilage, smooth muscle,
striated muscle, hematopoietic cells(mesoderm), liver,
primitive gut and respiratory epithelium (endoderm),
neurons, glial cells, hair follicles, and tooth buds
(ectoderm). This characteristic may be confirmed by
examination of the histological sections of the tumor
formed in mice at the site of injection of human ES
cells described herein. The derived human ES cells are
also capable of forming embryoid bodies (EBs) in
suspension culture. As used herein, the term "embryoid
bodies" refers to an aggregation of differentiated or
undifferentiated pluripotent ES cells surrounded by a
primitive endoderm generated in suspension culture.
Embryoid bodies contain cells of all three lineages
including ectoderm, mesoderm and endoderm. In mature
human embryoid bodies, it is possible to discern cells
bearing markers of various cell types, such as
neuronal cells, haematopoietic cells, liver cells,
cardiac muscle cells and pancreatic islet cells. The
embryoid bodies and their detailed characterization
may provide valuable insight into the determination of
the fate of ES cells. Further, the differentiation of
ES cells into desired phenotypes through employment of
suitable growth factors and their supplements may be
investigated. In one method of generating EBs,
suspension aggregates are allowed to differentiate for
10-14 days in ES medium without LIF. The EBs generated
may express a set of lineage specific markers such as
Keratin 5, Keratin 15, Keratin 18, Sox-1, NFH
(ectoderm), Brachyury, Msxl, MyoD, HANDl, cardiac
actin (mesoderm), GATA4, AFP, HNF-4alrha, HNF-3b,
albumin and PDXl (endoderm). The unambiguous
expression of a set of differentiated markers clearly
demonstrates the differentiation potential of the
human ES cell line, for example, wherein at least 80%
of the differentiated cells may be neurons, 30-50% may
be cardiomyocytes, 80-90% may be hepatocytes, and
40-60% may be pancreatic cells, depending on the
culture conditions. In certain embodiments, the human
ES cells described herein may be used to screen
compounds, for example, small molecules and drugs, for
their effect on the cell population. The compounds can
also be screened for cell toxicity or modulation of
expression. In other embodiments, the human ES cells
disclosed herein may be used to study the cellular and
molecular biology of development, functional genomics,
as well as the generation of differentiated cells for
use in therapeutic or prophylactic transplantation,
treatment, drug screening, or in vitro drug discovery.
For example, the human ES cells can be used for
genomic analysis, to produce mRNA, cDNA, or genomic
libraries, to produce specific polyclonal or
monoclonal antibodies, including, but not limited to,
humanized monoclonal antibodies (WO 01/51616,
specifically incorporated herein byreference), or to
screen for the effects of different test compounds or
biologically active molecules on human ES cells, as
well as cells or tissues derived therefrom, such as
pharmaceutical compounds in drug research. The test
compounds or biologically active molecules screened
may be derived, for example, from plants, plant-based
extracts, or synthetic sources. Human ES cells can
also be used to screen for factors (such as small
molecule drugs, peptides, polynucleotides, and the
like) or conditions (such as cell culture conditions
or manipulations) that affect the characteristics of
human ES cells in culture, and the differentiation of
human ES cells into various specific cell and tissue
types. Recently, the use of stem cells in toxicology
research has been reported (Davila et al., (2004)
Toxicol. Sci., 79(2):214-23). The overwhelming benefit
of stem cells, when applied to toxicology, evolves
from their unique properties compared to primary human
cells (i.e., unlimited proliferation ability,
plasticity to generate other cell types, and a more
readily available source of human cells). While in
vitro differentiation of mouse ES cells to hepatocytes
has been reported (Hamazaki et al., 2001; Jones et
al., 2002), the utility of these differentiated
hepatocytes as an in vitro screening model for
potential drug candidates has not been extensively
studied. Based on experiments with mouse ES cells,
hepatocytes generated from mouse ES cells may prove to
be a suitable alternative to conventional in vitro
toxicity models for drug metabolism and toxicity
studies. The present disclosure describes the use of
ES cell-derived hepatocytes to study xenobioticinduced
hepatotoxicity by measurement of the release of
enzymes including, but not limited to, serum glutamate
pyruvate amino-transferase (SGPT), serum glutamate
oxalo-acetate aminotransferase (SGOT), alkaline
phosphatase (ALP), and lactate dehydrogenase (LDH).
Although the application is not limited to using ES
cell-derived hepatocytes for studying toxicity, this
cell type is particularly well-suited for toxicity
testing because the characterization tests at the
cellular, molecular, and functional level are well
defined, high percentages of hepatocytes can be
efficiently derived from ES cells, morphologically,
and hepatocytes are clearly distinguishable, which
reduces the confusion associated with a mixed
population (see Kulkarni and Khanna, Functional
hepatocyte-like cells derived from mouse embryonic
stem cells: A novel in vitro hepatotoxicity model for
drug screening, 2006, Toxicology In Vitro (in press),
incorporated herein by reference). This concept may be
employed as an alternative to conventional in vitro
toxicity models for drug metabolism and toxicity
studies, using the human ES-cell-derived hepatocytes
of the present disclosure.Human ES cells share
features with pluripotent human embryonal carcinoma
(EC) cells. Putative human ES cells may therefore be
characterized by morphology and by the expression of
cell surface markers characteristic of human EC cells.
Additionally, putative human ES cells may be
characterized by developmental potential, karyotype
and immortality. Examples of identifying
characteristics of human ES cells are as follows. a)
Morphology: The colony morphology of human ES cells is
similar to, but distinct from, mouse ES cells. Both
mouse and human ES cells have the characteristic
features of undifferentiated stem cells, with high
nuclear/cytoplasmic ratios, prominent nucleoli, and
compact colony formation. But colonies of human ES
cells are flatter than mouse ES cell colonies, and
individual ES cells can be easily distinguished. b)
Cell surface markers: A human ES cell line of the
present disclosure is distinct from mouse ES cell
lines based on the presence or absence of certain cell
surface markers described below. One set of glycolipid
cell surface markers is known as the Stage-specific
embryonic antigens (SSEA) 1 through 4. These antigens
are differentially expressed by human versus mouse ES
cells, and can be identified using antibodies for the
antigents. The NTERA-2 CL.D1 cell line was chosen as a
positive control because it has been extensively
studied and reported in the literature, but other
human EC cell lines may be used as well. Mouse ES
cells (ES Jl) are used as a positive control for
SSEA-I, and as a negative control for SSEA-3, SSEA-4,
TRA-1-60, and TRA-1-81. Other routine negative
controls include omission of the primary or secondary
antibody and substitution of a primary antibody with
unrelated specificity. Alkaline phosphatase may be
detected following fixation of cells with 4% para 



formaldehyde. The globo-series glycolipids SSEA-3 and
SSEA-4 are consistently present on human EC cells.
Differentiation of NTERA-2 CL.D1 cells in vitro
results in the loss of SSEA-3, SSEA-4, TRA-1-60, and
TRA-1-81 expression and the increased expression of
the lacto-series glycolipid SSEA-I. This contrasts
with undifferentiated mouse ES cells, which express
SSEA-I, and neither SSEA-3 nor SSEA-4. Although the
function of these antigens is unknown, their shared
expression by Relicell(tm) hESl cells and human EC
cells suggests a close embryological similarity.
Alkaline phosphatase will also be present on all human
ES cells. A successful human ES cell culture of the
present disclosure will correlate with these cell
surface markers found in other established human ES
cell lines.c) Developmental potential by teratoma
formation: Human ES cells of the present disclosure
are pluripotent. When injected into SCID mice, a
successful human ES cell line will differentiate into
cells derived from all three embryonic germ layers
including: bone, cartilage, smooth muscle, striated
muscle, and hematopoietic cells (mesoderm); liver,
primitive gut and respiratory epithelium (endoderm);
neurons, glial cells, hair follicles, and tooth buds
(ectoderm). d) Karyotype: Successful human ES cell
lines have normal karyotypes. Both XX and XY cells
lines can be derived. The normal karyotypes in human
ES cell lines will be in contrast to the abnormal
karyotype found in human EC cells, which are derived
from spontaneously arising human germ cell tumors
(teratocarcinomas). Although tumor-derived human EC
cell lines have some properties in common with ES cell
lines, all human EC cell lines derived to date are
aneuploid. Thus, human ES cell lines and human EC cell
lines can be distinguished by the normal karyotypes
found in human ES cell lines and the abnormal
karyotypes found in human EC lines. By "normal
karyotype" it is meant that all chromosomes normally
characteristic of the species are present and have not
been noticeably altered. The normal karyotype of a
human ES cell line suggest that this cell line will
reflect normal differentiation. e) Immortality:
Immortal cells are capable of continuous indefinite
replication in vitro. Continued proliferation for
longer than one year of culture is sufficient evidence
of immortality, as primary cell cultures without this
property fail to continuously divide for this length
of time. Preferably, human ES cells will continue to
proliferate in vitro under appropriate culture
conditions for longer than one year, and will maintain
the developmental potential to contribute to all three
embryonic germ layers. This developmental potential
can be demonstrated by the injection of ES cells that
have been cultured for a prolonged period (over a
year) into SCID mice and then histologically examining
the resulting tumors. Although karyotypic changes can
occur randomly with prolonged culture, the majority of
human ES cells should maintain a normal karyotype for
longer than a year of continuous culture. This can be
demonstrated by detection of the telomerase enzyme
activity of the human ES cells at the later stages of
propagation. High levels of telomerase activity are
associated with cell proliferation during embryonic
development and with cell transformation and cancers.
f) Culture conditions: Growth factor requirements to
prevent differentiation are different for human ES
cell lines of the present disclosure than for mouse ES
cell lines. For mouse ES cells, the determination that
LIF is able to support their self-renewal and
proliferation asundifferentiated cells in the absence
of feeders was a significant discovery. Unfortunately,
LIF does not seem to have this ability with respect to
human ES cell cultures (Jones, et al. (1998); Bongso
et al., (2000) supra. Alternatively, sources of human
feeders including, but not limited to, human embryonic
fibroblast, human foreskin, bone marrow mesenchymal
cells, stromal cells of various adult origin, or any
combinations thereof, may be used in the present
disclosure as a substitute to mouse embryonic feeders
(MEF) in order to grow human ES cells (with the
objective of developing a xeno-free environment for
human ES cell cultures). Nevertheless, the culture of
human ES cells without feeders would be ideal. Not
only would this eliminate a possible source of
exogenous contamination with potential pathogens, it
would also greatly simplify the logistics of ES cell
culture, particularly on a larger scale. Conditioned
medium from mouse embryo fibroblasts will support the
proliferation of human ES cells cultured on the
extracellular matrix preparation Matrigel (INVITROGEN)
in the absence of feeders, (Carpenter et al., 2001).
Although this provides some practical advantages, the
active factor from the conditioned medium has not yet
been identified, and this approach fails to eliminate
the possibility of contamination from murine
endogenous retroviruses. g) Differentiation to
extra-embryonic tissues: When grown on embryonic
fibroblasts and allowed to grow for two weeks after
achieving confluence (i.e., continuously covering the
culture surface), human ES cells of the present
disclosure spontaneously differentiate into neurons,
cardiomyocytes, hepatocytes and pancreatic islet
cells. The markers responsible for the aforesaid cell
types can be detected by semiquantitative RT-PCR and
immunocytochemistry using genes specific primers and
antibodies to the respective gene of interest. h)
Differentiated stem cells in regenerative medicine:
Human ES cells of the present disclosure may be
induced to differentiate into particular phenotypes in
vitro. Using such techniques may generate a pure
population of a desired cell type, which can be
injected into, vor example a damaged organ to repair
injury. Such injury may be due to various diseases or
conditions, such as, but not restricted to
neurodegenerative diseases, myocardial infarction,
congestive heart failure, liver failure, and diabetes.
Examples of neuro-degenerative diseases, include but
are not limited to, stroke, spinal cord injury,
Parkinson's disease, Alzheimer's disease, multiple
sclerosis and the like. Therefore, differentiated
human ES cells possess enormous potential in cell
transplantation for cell replacement therapy or tissue
regeneration. Inaddition, cell lines derived by the
present disclosure can be used as a carrier vehicle
for various therapeutically active molecules. For
example, specific genes may be delivered to various
sites of the human body, preferably in cells are
genetically manipulated and delivered to the target
site for gene therapy. i) Differentiated stem cells
for drug screening and therapeutics: The present
disclosure provides the possibility of using human ES
cells and their unique capability to differentiate
into the cells of all three lineages (ectoderm,
mesoderm and endoderm) for pharmaceutical
interventions and cell-based assays for drug discovery
and in vitro toxicity testing. Another aspect of the
present disclosure provides an opportunity to use
these differentiated cells including, but not limited
to, neuronal cells, cardiomyocytes, hepatocytes and
beta-islets to screen various biological active
molecules, for example, those derived from plant-based
extracts and synthetic sources. The screening method
can be used to develop novel drug molecules for
various diseases such as, for example, Parkinson's
diseases, Alzheimer's disease, Huntington disease,
cardiac disorders, diabetes and hepatic diseases.
Along similar lines, mouse ES cell-derived hepatocytes
were used to study xenobiotic-induced hepatotoxicity
by measurement of the release of enzymes including,
but not limited to, serum glutamate pyruvate
amino-transferase (SGPT), serum glutamate
oxalo-acetate aminotransferase (SGOT), alkaline
phosphatase (ALP) and lactate dehydrogenase (LDH).
Cells of the present disclosure can also be used to
study drug-induced induction of cytochrome P450
isoforms including, but not limited to, CYPlAl,
CYP2A6, CYP2B6, CYP2C9, CYP2E1, and CYP3A4, and to
identify drug metabolite(s) using analytical
techniques including, but not limited to, high
performance liquid chromatography (HPLC), liquid
chromatography-mass spectroscopy (LCMS), and gas
chromatography-mass spectroscopy (GC-MS). The cells
derived by the present disclosure can also be used for
generation of both polyclonal and monoclonal
antibodies for either research or therapeutic
potential, preferably for generating humanized
monoclonal antibodies for the treatment of various
diseases. 



The following examples are included to demonstrate
preferred embodiments of the invention. It should be
appreciated by those of skill in the art that the
techniques disclosed in the examples which follow
represent techniques discovered by the inventor to
function well in the practice of the invention, and
thus can be considered to constitute preferred modes
for its practice. However, those of skill in the art
should, in light of the present disclosure, appreciate
that manychanges can be made in the disclosed specific
embodiments and still obtain a like or similar result
without departing from the spirit and scope of the
invention. EXAMPLE l The present example discloses the
preparation of blastocysts by in vitro fertilization.
1) Isolating Blastocysts Blastocyst stage embryos
(blastocysts) may be isolated from a variety of
sources. These blastocysts may be isolated from
recovered in vivo fertilized preimplantation embryos,
or from in vitro fertilization (IVF) (for example,
embryos fertilized by conventional insemination,
intracytoplasmic sperm injection, or ooplasm
transfer). Human blastocysts are obtained from couples
or donors who voluntarily donate their surplus
embryos. These embryos are used for research purposes
after acquiring written and voluntary consent from
these couples or donors. Alternatively, blastocysts
may be derived by transfer of a somatic cell or cell
nucleus into an enucleated oocyte of human or
non-human origin, which is then stimulated to develop
to the blastocyst stage. The blastocysts used may also
have been cryopreserved, or result from embryos which
were cryopreserved at an earlier stage and allowed to
continue to develop into a blastocyst stage embryo.
Preferably, blastocysts of good morphological grade
are used in the present disclosure, for example,
blastocysts in which the inner cell mass is well
developed. The development of both the blastocyst and
the inner cell mass will vary according to the
species, and are well known to those of skill in the
art. Embryos are cultured in medium conditions that
maintain survival and enhance development into
blastocyst stage embryos (Fong and Bongso, (1999),
each incorporated herein by reference). Institutional
Ethics Committee approval was obtained before
initiation of any studies disclosed herein using human
blastocysts. Prior written consent was taken from
individual donors for the donation of surplus embryos
for this study after completion of infertility
treatments. The protocol generally used to obtain
viable embryos from infertility patients is described
below: 2) In vitro Fertilization For IVF, a woman
first must undergo pituitary suppression treatment
down regulation with a GnRH agonist such as Leuprolein
Acetate (Lupron). This treatment is followed by
controlled ovarian hyperstimulation with injection of
Gonadotrophin (hMG) for 7-12 days, during whichgrowth
of the follicles is monitored by ultrasonography and
plasma estradiol levels. Ovulation is triggered by
intramuscular injection of hCG 10,000 IU (Profasi)
when at least one or more follicles are 18 mm in
diameter. 3) Oocyte Retrieval and Recovery of Embryos
Oocyte retrieval is achieved by follicular aspiration
at 34-36 hours under ultrasonography guidance.
Fertilization is assessed by the presence of 2
pronuclei (2 PN) and the fertilized oocytes are
transferred to embryo culture dish. Two fertilized
oocytes (2 PN) per plate are transferred in 0.75 - 1
ml of cleavage medium (Quinn's cleavage Medium (Sage
Biopharma Cat. # ART-1026)). These dishes are
incubated in the incubator in a 5% CO2 environment at
370C until day 2. On day 2, the cleavage medium is
changed. On day 3, blastocyst medium (QA Blastocytes
Medium (Sage Biopharma Cat. # ART- 1029)) replaces the
cleavage medium and the embryos are cultured until day
5 to day 7, when expanded blastocysts are obtained.
Medium is replaced every other day. After overnight
culture, the embryos were monitored visually under a
dissecting microscope. The integration was considered
successful if the embryo developed into a morula or
well expanded blastocyst (Figures 1.1 and 1.2). human
ES cells as disclosed herein may be isolated from the
morula stage to the blastocyst stage. EXAMPLE 2 The
present example discloses the derivation and storage
of mouse embryonic fibroblast (feeder) cells. 1)
Procurement of Pregnant Mice and Dissection Mouse
embryonic fibroblasts (MEFs) may be obtained from
inbred C57 Black mice or other suitable strains. In an
illustrative method, a mouse at 13.5 days of
pregnancy/days post coitum (dpc) is sacrificed by
cervical dislocation. The abdomen of the mouse is
swabbed with 70% Isopropanol followed by a small
incision. The viscera is exposed by pulling apart the
abdominal skin in opposite directions. The uterus
filled with embryos is seen in the posterior abdominal
cavity. The uterus is dissected out with sterile
forceps and scissors and placed into 50 ml screw
capped conical centrifuge tube containing 20 ml of
sterile Dulbecco's phosphate buffered saline, Ca- and
Mg-free (GIBCO-BRL, Cat No. 141 90-144). Uteri
containing embryos are dissected out from all the
pregnant animals sacrificed. The uteri are then washed
5-6 times in sterileDulbecco's phosphate buffered
saline, Ca- and Mg-free, inside a laminar flow hood.
The embryos are harvested with the help of sterile,
pointed forceps and scissors and then the placenta,
membrane and soft tissues are removed. 2) Staging of
Mice Embryos Mouse embryos are staged under the
dissecting microscope. Staging of the mouse embryos
can be done according to a variety of criteria, the
most general of which are described by Theiler in "
The House Mouse: Atlas for Mouse Development" (1989)
(incorporated herein by reference). Theiler' s
criteria are too broad to distinguish many important
phases of early development and must therefore be
supplemented by others, for example, cell number,
somite number, or those characteristics used by Downs
and Davis (1993), Dev., 118(4): 1255-66, incorporated
herein by reference. Embryos of the same gestational
age may differ in their stage of development. The
stages recognized by Downs and Davis is applicable to
Fl hybrids of C57 Black X CBA mice, inbred C57 black
mice, and other closely related strains. The most
acceptable stages for obtaining feeders for the
purpose of growing human ES cells is Theiler stage 2 1
and 22. Theiler stage 2 1 is 13 dpc, with a range of
12.5-14 dpc, and the 52-55 somite stage. This stage is
identified by an anterior, indented foot-plate,
identifiable elbow and wrist, 5 rows of whiskers and a
clearly apparent umbilical hernia. Additionally, hair
follicles are absent and fingers are distally
separate. Theiler stage 22 is recognized as 14 dpc,
with a range of 13.5 to 15 dpc, and the 56-60 somite
stage. The distinguishing features of this stage are
distally separated fingers, an indentation between
digits of the posterior foot-plate, and the presence
of long bones of limbs and hair follicles in the
pectoral, pelvic and trunk regions. Other features
include the absence of open eyelids and hair follicles
present in the cephalic regions. 3) Processing of Mice
Embryos The embryos were further processed by first
discarding the head followed by all visceral organs
under the dissecting microscope with the help of
sterile pointed forceps. The carcass was then
transferred into the Kd of a 96 mm sterile petridish
and minced properly with the help of sterile curved
scissors. The minced mass is then transferred into a
50 ml conical centrifuge tube containing approximately
15-20 ml of 0.25% Trypsin-EDTA (GIBCO-BRL, Catalog No.
25200- 056), pre-warmed at 37C. The minced mass was
then triturated 3-4 times in the Trypsin-EDTA solution
with the help of a 10 ml pipette and passed 2-3 times
though a 20 ml syringe fitted to a 18 gauge needle.
The cell suspension was then incubated for 10-15
minutes at 370C. The cellsuspension was once again
triturated through a 10 ml pipette. The trypsin in the
cell suspension was inactivated by adding 20 ml of
complete media (90% Dulbecco's modified Eagle's
medium- High Glucose, 10% Fetal bovine serum, 1 mM
L-Glutarnine, 1% Non-Essential amino acids and 0.1 mM
b- Mercaptoethanol) and the cell suspension was
finally plated in tissue-culture flask. 



Thereafter, the cells were grown until confluency,
with media change every alternate day with periodic
monitoring. 4) Freezing of Mouse Embryonic Fibroblasts
Freezing of the cells was done at confluency in
freezing media comprised of 60% Fetal bovine serum,
20% DMSO and 20% complete media. For freezing, the
cells were resuspended in complete media and then
mixed with freezing media in the ratio 1:1. This
freezing suspension was then dispensed as 1 ml into
cryovials such that 1 ml contains 5 million cells.
These vials were then stored in liquid nitrogen for
long term use. 5) Qualification of MEFs Every batch of
feeders are qualified by examining human ES cells that
have been grown on the MEF for 5 passages. The process
of qualification involves assessment of critical
parameters like morphological analysis of the human ES
cell colonies (Figures 2.1 and 2.2), expression of ES
cell markers by immunochemistry (Figures 2.3 and 2.4),
RT-PCR (Figure 2.5) and sterility check by endotoxin
and mycoplasma testing. Only qualified feeders were
used for isolating, passaging, and maintaining the
Relicell(tm)hESl cell line. EXAMPLE 3 The present
example describes the derivation and maintenance of
human ES cells. 1) Inactivation and Plating of Mouse
Embryonic Fibroblast (Feeder) Cells The feeder cells
stored in liquid nitrogen were thawed and cultured as
needed. The vials were thawed by placing the frozen
vials in a 370C water bath until the contents were
semi-thawed. The contents were then collected in a
tube and mixed with warm media to dilute the
cryoprotectant. The cells were pelleted, resuspended,
and plated in fresh MEF media (90% Dulbecco's modified
Eagle's medium-High Glucose (GIBCO), 10% Fetal bovine
serum (Hyclone), 1 mM L-Glutamine (GIBCO), 1%
Non-Essential amino acids (GIBCO) and 0.1 mMb-
Mercaptoethanol (Sigma)) in tissue culture flasks.
Once the cells reached confluence, they were ready for
inactivation. The cells were inactivated by Mitomycin
C treatment or by gamma irradiation. Here, the cells
were inactivated by Mitomycin C treatment for two and
half hours. lOng/ml of Mitomycin C was used for
inactivation at 370C and 5% CO . The cells were then
washed several times for complete removal of Mitomycin
C and then trypsinised using enzymes like
trypsin-EDTA. These cells were then counted and plated
onto 0.2% gelatinized plates at a concentration of
6.25x1 04 cells/cm2. The cells were plated and
incubated at 37C and 5% CO2. These plates were then
used for plating of isolated human ES cells. 2) ICM
Isolation To isolate ICM without risking cell loss,
the whole embryo culture method was employed on day 6
of the embryo culture (Figures 1 and 3). The
zona-pellucida was digested by 0.5% pronase for about
2 minutes. The ICM was then plated on
mitotically-inactivated MEF cells. The human ES cell
culture medium used in this technique consists of 80%
DMEM/F-12 (GIBCO, with glucose 4500mg/L), 15% ES
tested FBS (Hyclone, USA)5 5% Serum replacement
(GIBCO, #10828- 028), 1% nonessential amino acid
solution (GIBCO), ImM glutamine (GIBCO), 0.1% beta
mercaptoethanol (Sigma), 4ng/ml human bFGF (R & D
systems) and 10ng/ml human Leukemia inhibitory factor
(Sigma). After 7 days, the ICM clump was separated
from other cells by mechanical dissociation with a
micropipette. The ICM clump was then replated on a
fresh feeder cell layer and fresh medium was added. 3)
Culturing and Manual Passaging of human ES Cells
Subsequent passaging of the undifferentiated colonies
was done by cutting the colonies systematically in
clumps of about 100 cells using the sharp edge of a
glass-pulled micropipette (Figure 4). Selection was
done to remove any unwanted differentiated areas of
the colony. As soon as the clumps detached they were
picked up by the same micropipette (with a bore size
slightly bigger than the size of the clump) attached
with a mouth aspiration set and transferred to a fresh
fibroblast feeder layer. The culture system was
maintained at a constant temperature of 370C by
placing it in a 5% CO2 incubator. The cell line
Relicell(tm) hESl has been grown for 40 passages in
vitro and the cell line still consist primarily of
cells with the morphology of human ES cells. 4)
Cryopreservation of human ES CellsThree-day-old "good"
undifferentiated human ES colonies were used for
freezing. ES colonies along with the feeder layer were
cut into small pieces using a cell scrapper. Then, the
cells were collected in a sterile 15ml centrifuge tube
(Nunc) and spun at 200G for 3 minutes. The supernatant
was aspirated out. The volume of the cell pellet was
measured and resuspended in ES media to bring the
volume up to 0.5 ml. Next, an equal volume of freezing
medium, which included 60% ES tested FBS (Hyclone,
USA), 20% ES medium, and 20% DMSO HYBRIMAX (Sigma),
was gently added to the hES cell suspension with
occasional swirling. Clumps of ES cells were
transferred into a 1.2 ml cryo-vial (Nalge-Nunc, USA)
containing freezing medium. The vials were slowly
cooled (~lc/min) in a freezing container (Sigma)
to-80C and stored in liquid nitrogen the next day. On
revival, post-thaw survivability of the frozen human
ES cells was found to be about 50% or more. EXAMPLE 4
The present example characterizes the isolated human
ES cells. 1) Generation of Embryoid Bodies To generate
EBs, the human ES cell colonies need to be either cut
into small pieces manually or dissociated into small
pieces by enzymatic treatment with collagenase or
trypsin EDTA. Here, the human ES cell colonies were
cut manually into small pieces for embryoid body
formation. The small pieces were then transferred in
EB medium (80% DMEM/F-12 (Gibco, with glucose
4500mg/L), 15% ES tested FBS (Hyclone, USA), 5% Serum
replacement (Gibco, #10828-028), 1% nonessential amino
acid solution (Gibco), ImM glutamine (Gibco), and 0.1%
beta mercaptoethanol (Sigma)) to bacteriological
plates for aggregation. The cell aggregates were
allowed to grow in this medium for 10-14 days with
media change every 3 days. The EBs generated by this
method were characterized using cellular and molecular
markers at different days in suspension cultures, for
example, 0 day, 6 days, 10 days, and 14 days (Figures
9.1 to 9.4) to evaluate the in vitro differentiation
potential of the human ES cell line. 2)
Immunocytochemistry The cells grown in 2-well chamber
slides (Becton Dickinson, USA) were fixed in freshly
prepared 4% paraformaldehyde and permeabilized with
0.2 % Triton X-100 in PBS. The non specific binding
sites were blocked with 1% bovine serum albumin in
PBS. The cells were thenincubated overnight at 40C
with a primary antibody. Using this method, a panel of
undifferentiated stem cell markers such as Oct-3/4,
SSEA-3, SSEA-4, TRA-1-60, TRA-1-81, alkaline
phosphatase, Connexin 43, E-cadherin were analyzed
(Figures 5.1 to 5.8) as well as a group of
differentiated markers such as nestin (Ectoderm),
smooth muscle actin, brachyury (Mesoderm), AFP, and
GATA4 (Endoderm) (Figures 10.1 to 10.5). (Table I sets
forth the relevant details of the antibodies used.
Cells were then washed and incubated with the
appropriate FITC-labeled secondary antibody at room
temperature for 1 hour in the dark. Next, cells were
counterstained with DAPI (lug/ml; Sigma). After
mounting, the cells were observed under a fluorescence
microscope (Nikon Eclipse E600) to evaluate
immunopositive areas. The human ES cells expressed
SSEA-3, SSEA-4, TRA-1-60, TRA-1-81, and Oct-4, which
is typical of human ES cells, as well as E-cadherin
and Connexin-43 (Figure 5). The human ES cells also
exhibited alkaline phosphatase activity as evidenced
by fluorescence microscopy (Figure 5.8). Further, the
14 day EBs stained positively for differentiation
markers such as nestin (ectoderm), smooth muscle
actin, brachyury (mesoderm), GATA4, and AFP (endoderm)
(Figure 10). 



Table 1: Details of antibodies used 3) Gene Expression
Analysis by RT-PCR Total RNA from the human ES cells
disclosed herein was isolated by TRIzol method
(Invitrogen) according to the manufacturer's protocol.
1 mg of RNA treated with RNase-OUT ribonuclease
inhibitor (Invitrogen) was used for cDNA synthesis.
Reverse-transcription using Superscript reverse
transcriptase-II (Invitrogen) and Oligo dT
(Invitrogen) to prime the reaction also was carried
out. PCR primers were selected to distinguish between
cDNA and genomicDNA by using individual primers
specific for different exons. 1 ml of cDNA was
amplified by polymerase chain reaction (PCR) using
Abgene 2X PCR master mix (Abgene, Surrey, UK) and
appropriate primers. The expression of an array of
markers was evaluated, including undifferentiated stem
cell markers such as Oct-4, Nanog, Rexl, Sox-2, FGF4,
Utfl, Thyl, Criptol, ABCG2, Dppa5, TERT, Connexin-43,
and Connexin-45, and lineage specific markers such as
Keratin 5, Keratin 15, Keratin 18, Sox-1, NFH
(ectoderm), Brachyury, Msxl, MyoD, HANDl, cardiac
actin (mesoderm), GATA4, AFP, HNF-4alrha, HNF-3beta,
albumin, and PDXl (endoderm). Table 2 sets forth the
details of the primers. For all the genes, PCR was
performed for 35 cycles, consisting of an initial
denaturation at 94 C for 1 minute followed by 35
cycles of 94 C for 30 seconds, the annealing
temperature of the respective gene primer for 45
seconds and 72 C for 1 minute. The last cycle was
followed by a final extension at 72 C for 5 minutes.
The human ES cells, at early as well as late passages,
exhibited unambiguous expression of a set of genes
associated with pluripotency, including Oct-4, Nanog,
Rex-1, Sox-2, Criptol, FGF4, Thyl, Utfl, ABCG2, Dppa5,
and hTERT, as well as gap junction proteins such as
Connexin-43 and Connexin-45 (Figure. 6 and Table 3).
HEF cells, which we used as a negative control, were
devoid of the expression of any of these markers.
Further, the expression profile of an exhaustive list
of genes related to lineage specific differentiation
was evaluated with 0 day, 6 days, 10 days, and 14
day-old EBs (Figure 1 1 and Table 3). Consistent
expression of early-stage ectodermal markers like
Keratin 5, Keratin 15 and Keratin 18 from 6-days to
14-days of differentiation was observed in the EBs.
Interesting, there was no expression of these markers
on the O^-day of differentiation and the late-stage
neuroectodermal markers Sox-1 and NFH were present
only on the 10 -day to 14 -day of differentiation
(Figure 11). Among the mesodermal lineage markers,
Msxl, a pre-cardiac transcription factor, was
expressed uniformly throughout the progressive days of
differentiation. Other mesodermal markers, including
brachyury, HANDl, MyoD and cardiac-actin, demonstrated
weak or no expression in the human ES cells (Figure
11). Similarly, early endodermal cell markers,
including AFP, HNF-4a and HNF-3 b, exhibited an
expression on the 6th and 10th day of cell aggregate
formation, while GATA4 levels demonstrated a transient
increase from the lO^-day up until the 14 -day of
suspension culture (Figure 11). Very weak expressions
were detected with the markers for mature hepatocytes,
pancreatic islet cells, albumin and PDXl respectively,
thereby indicating the absence of mature endodermal
derivatives (Figure 11).Table 2: Details of primers
usedMETHOD FOR PURIFICATION OF CHLORINATED SUCROSE
DERIVATIVES BY SOLVENT EXTRACTION TECHNICAL FIELD The
present invention relates to a process and a novel
strategy for isolation and purification of I'-
b'-Dichloro-i'- b'-DIDEOXY- b-FructofuranasyM-chloro-
4-deoxy-galactopyranoside (TGS) and other chlorinated
sucrose derivatives from a reaction mixture by solvent
extraction. BACKGROUND OF INVENTION Chlorinated
sucrose preparation is a challenging process due to
the need of chlorination in selective less reactive
positions in sucrose molecule in competition with more
reactive positions. Generally, this objective is
achieved by a procedure which involves essentially
protecting the hydroxy group in the pyranose ring of
sugar molecule by using various protecting agents
alky/aryl anhydride, acid chlorides, orthoesters etc.,
and the protected sucrose is then chlorinated in the
desired positions ( 1'-6' &, 4) to give the acetyl
derivative of the product, which is then deacylated to
give the desired product r - -Dichloro-i- d-DIDEOXY-
b-FructofuranasyM-chloro^- deoxy-galactopyranoside
i.e. 4,1', 6' trichlorogalactosucrose i.e. TGS .
Strategies of prior art methods of production of TGS
are based on following: Sucrose-6-acetate is
chlorinated by Vilsmeier Haack reagent to form TGS-
6-acetate. After chlorination, the deacetylation of
TGS-6-Acetate to TGS is carried out in the reaction
mixture itself. The process is described in
greaterdetails in various patents and in patent
applications including. Ratnam et al (2005) in
WO2005090374 and Ratnam et al (2005) in WO2005090376.
As an inevitable part of above synthesis strategy,
various other chloro substitution products are also
produced in varying amounts. Isolation of TGS from the
other organic impurities by liquid-liquid extraction
is usually a daunting task due to affinity of the
product to hydrophilic as well as hydrophobic
solvents. None of above prior art patents however,
cover the process of this invention wherein the
strategy of solvent extraction is governed by
controlling the ratio of aqueous phase and organic
phase in the first step (the organic phase being
contributed here by a mixture of organic solvents)
which results in removal of a group of impurities in
the organic layer, followed by extraction of the
aqueous layer by a single organic solvent to extract
next group of impurities in the organic layer,
followed by salt saturation of the aqueous layer and
extraction of TGS contained in it by an organic
solvent which selectively extracts TGS in it leaving
behind rest of the impurities in the aqueous layer.
PRIOR ART Extractive purification by solvents has been
extensively covered by Catani et al (2003) in US
20030171574 / WO0376453. It involves six independent
claims which describe various combinations of solvent
extractive step, each combination involving at least
two additional solvents extracting the original
compositions containing TGS and impurities.Mufti et al
(1983) in US 4380476 has reported extraction of an
aqueous solution with dichloromethane (to remove
tetrachloro derivatives) and then with ethyl acetate.
SUMMARY OF INVENTION This invention embodies a process
for isolation of chlorinated sucrose derivatives from
a solution by solvent extraction by controlling ratio
of aqueous phase to organic solvent (v/v). In the
preferred embodiment, this solution is results from
aqueous extraction of mixture of solidmass derived
from dried process flow reaction mixture after
chlorination of sucrose-6- acetate by Vilsmeier
reagent. In an other embodiment of this invention, the
improved solvent extraction process can also be
applied to any other solution of TGS, aqueous or
organic, derived from any other process of production,
wherein TGS needs to be isolated and extracted from
other inorganic and / or organic impurities. All
adaptations of the scheme of solvent extraction
strategy described herein and covered in the claims
are 



covered as embodiments of this invention. One
embodiment of the strategy of solvent extraction of
this process involves preferential extraction of
chlorinated sucrqse derivatives in relatively pure
form using differential solubilities of various
closely related compounds in different ratios of
aqueous to organic phase where the organic phase is
provided by one organic solvent or a mixture of
organic solvents. This process surprisingly
accomplishes isolation of TGS with high purity levels
at far greater ease from closely related impurities in
a reactionmixture derived from deacylation of
chlorinated mixture which may contain one or more of,
usually more of, (a) 4 , 6, 1' , 6'
-tetrachlorogalactosucrose, (b) 4,1', 4', 6'
-tetrachlorogalactosucrose, (c) 6-acetyl, 4 , 1', 6'-
trichlorogalactosucrose, (d) 4,1',
6'-trichlorogalactosucrose, (e) 1\ 6'- dichlorosucrose
and (f) 4 , 1'-dichlorosucrose with a solvent
extraction strategy involving, serially, following
steps: a. Adjusting a volume / volume ratio of aqueous
phase : Organic phase to 1:0.25 to 1:0.3 of a
substantially N Ndimethylformamide (DMF) free solution
containing TGS and impurities, wherein the organic
layer selectively .extracts the compounds 'a' & 'b'.
The said solution containing TGS is obtained in
substantially DMF free state either by dissolving in
water a solid mixture of the chemicals to be
separated, or by azeotropic distillation in rising
film evaporators or falling film evaporators, or by
obtaining an organic solvent extract of a liquid
reaction mixture containing TGS in a relatively water
immiscible solvent, including but not limited to ethyl
acetate, which is washed by saturated solution of
sodium chloride in water. The organic layer could be a
single organic solvent or a mixture of two or more
solvents. b. Further extraction of the aqueous layer
with a single water immiscible or sparingly miscible
solvent such as methylene dichioride, ethyl acetate,
ethylene dichioride, methyl ethyl ketone, etc. wherein
the volume / volume ratio of the aqueous phase to
organic phase is adjusted to 1:0.3 to 1:0.35 of
wherein organic layer selectively extracts the
compound 'c'. If esters of a tetrachlorosucrose and a
dichlorosucrose, which were not detected and hence not
isolated andcharacterized by us, also get formed and
become a part of the reaction mixture, they shall also
be selectively removed in this step alongwith 'C. c .
Further, saturation of the aqueous layer with a salt
including but not limited to sodium chloride,
preferably adjusting the pH to neutral and extraction
of the aqueous layer with 1: 1.2 to 1.5 times v/v of
an organic solvent sparingly miscible or immiscible in
water such as ethyl acetate, Methyl ethyl ketone,
butyl acetate, etc. wherein the 'd' i.e. TGS is
selectively extracted into the organic solvent and
compounds left out in the aqueous layer are 'e' & T .
There could be other impurities too which were not
detected by us, but which were nevertheless removed in
one or the other layers discarded by us during the
scheme of solvent extraction describe here. In a
variation of above extraction scheme, a process step
may be omitted if a constituent relevant to the
process step is not present in the solution to be
extracted. DETAILED DESCRIPTION OF THE INVENTION
Throughout this specification including claims, a
mention in singular shall also include plural and
equivalents or homologous. For example, mention of "an
organic solvent" shall include one or more of all
known organic solvents; or mention of "a process of
production of TGS" includes one or more of all
processes which can be described as a process for
production of TGS. The new strategy of solvent
extraction originated from a surprising finding that
proportions, by volume, of aqueous to organic phases
in a solvent extraction system plays a very
significant role in allowing selectiveextraction /
isolation of closely related chemical compounds. This
finding was explored to develop a process from this
revolutionary concept of solvent extraction for
chlorinated sucrose derivatives in particular and for
industrially useful compounds in general other than
chlorinated sugars and their derivatives using the
principle of varying proportions of aqueous and
organic phase and their various combinations. The said
solution of TGS to which process of this invention is
applicable could also be a derivative of a process of
production of TGS not involving chlorination reaction
and involving only one or none of a chlorinated
sucrose other than TGS. TGS isolated in this way from
any of its solutions could be further taken up for
crystallization for its eventual conversion into a
solid form. In a preferred embodiment, which shows
working of the invention, reaction mixture derived
from chlorination of sucrose-6-acetate by the
Vilsmeier- Haack reaction is neutralized and is taken
for Agitated Thin Film Drier (ATFD) drying as
described .by Ratnam et al (2005a) in WO2005090374 and
Ratnam et al (2005b) WO2005090376. This reaction
mixture may be taken for drying before deacylation,
after deacylation, before removal of one or more of
the constituents of the mixture such as solvents
including Dimethylformamide (DMF) by one or more
methods of separation. In another embodiment, the
reaction mixture can be directly extracted into water
immiscible or sparingly water miscible solvents such
as ethyl acetate, etc and then concentrating the
solvent extract and removal of DMF to a large extent
by washing the organic extract using saturated sodium
chloride solution in water. Further, after the removal
of DMF, the isolation of chlorinated sucrose
derivatives is proceeded.In other embodiments and
situations not derived from reaction mixtures,
solutions needing isolation of one or more chlorinated
sucrose derivatives can also be involved which are
derived from processes other than chlorination and may
include forms of chlorinated sucrose taken initially
in 5 .amorphous or crystalline form or in a liquid or
syrupy form. The chlorinated sucrose derivatives
present in the solids obtained after ATFD drying in
the reaction mixtures of production of chlorinated
sucrose in prior art methods were isolated and
characterized. They were found to be as follows : io
a) 4, 6, 1', 6' -tetrachlorogalactosucrose. Molecular
Formula = C12 H18 Cl4 O7; Molecular Weight 416.05. b)
4,1', 4', 6' -tetrachlorogalactosucrose. Molecular
Formula = C12 H18 Cl4 O7; Molecular Weight 416.05. c)
6-acetyl, 4, 1', 6'-trichlorogalactosucrose. The
molecular 15 formula = C12H2 1CI3O9; Molecular Weight
= 439.6 d) 4 , 1', '-trichlorogalactosucrose: The
molecular formula = 



C12H19CI3O8; Molecular Weight = 397.64. e) V,
'-dichlorosucrose. Molecular Formula = C12H20CI2O9 ;
molecular weight = 379.19; >20 f) 4 ,
I'-dichlorosucrose. molecular formula = C12H20CI2O9;
Molecular Weight = 379.19 Although we did not detect
other impurities, their occurrence is not ruled out,
however, in the scheme of solvent extraction described
here, TGS thatgets isolated is always pure and
impurities get discarded in one or the other layer
that is discarded. Before subjecting the reaction
mixture to ATFD drying or any other method of drying
including spray drying, freeze drying, drying by
supercritical extraction, evaporative drying etc,, the
DMF load can be reduced by adopting various novel
strategies not used in prior art, some of which are as
follows: The load of the tertiary amide such as DMF in
the neutralized mass for spray drying and ATFD can be
reduced by subjecting the neutralized mass to
concentration in specialized liquid-liquid extraction
equipments such as the Rising Film Evaporator (RFE),
Falling Film Evaporator (FFE), etc. The neutralized
reaction mass when subjected to RFE, part of the
tertiary amide (DMF) along with water as an azeotrope
is distilled off. The volume that was distilled off is
reconstituted with water back in the neutralized mass.
This process could be repeated a number of times to
remove the tertiary amide (DMF) in each cycle. And at
the end of each cycle, the loss in volume is
reconstituted with water. Then the neutralized mass
which predominantly consists of water with reduced
amount of the tertiary amide is subjected to drying
process. By this method, the loading of the tertiary
amide such as DMF in the reaction mass is reduced. The
reaction mass can also be directly extracted into
water immiscible solvent such as ethyl acetate,
concentrated and then washed with saturatedsodium
chloride (brine) solution for removal of DMF and then
taken directly for isolation of chlorinated sucrose
derivatives. The solids obtained from the Agitated
Thin Film Drier (ATFD) or liquid process flow
compositions, containing TGS and impurities, after
brine washings contained both inorganic salts and
organic compounds which included the chlorinated
sucrose derivatives. The said solids, depending on any
variation of reactants or process steps, may contain a
different composition of chemicals including presence
of either only inorganic or only organic compounds
too. The solids were dissolved in 1.5 times to 5 times
by weight in water, more preferably 1.8 to 2.5 times.
The suspended solids were filtered using an
appropriate filter aid. The pH of the clear filtrate
obtained was adjusted to neutral and was extracted
with proportionate amount of mixture of solvents
including Ethyl acetate, butyl acetate, methylene
dichloride, ethylene dichloride, toluene, cyclohexane,
etc in combination. The ratio of the aqueous to the
organic solvent mixture was adjusted to 1:0.25 to 1:
0.55 v/v preferably 1:0.4 to 1:0.45 v/v respectively
The extraction was repeated two to four times, more
preferably two times. The extracted organic layer was
analyzed and was found to contain the compounds 'a' &
zb'. The aqueous layer was further extracted
proportionate amount of a single water immiscible or
sparingly miscible solvent such as methylene
dichloride, ethyl acetate, ethylene dichloride, methyl
ethyl ketone, etc. The ratio of the aqueous to organic
solvent was adjusted to 1:0.3 to 1:0.35 v/v
respectively. The extraction was repeated two to four
times more preferably two times.The extracted organic
layer was analyzed and was found to contain the
compound 'c'. The aqueous layer was then saturated
with sodium chloride and the pH was once again
adjusted to neutral. The aqueous layer was then
extracted with 1: 1.2 to 1.5 times v/v of organic
solvent such as ethyl acetate, Methyl ethyl ketone,
butyl acetate, etc., twice. The compound extracted in
the organic solvent was found to be 'd'. The compounds
left out in the aqueous layer were found to be 'e' & T
. If some amount of compound 'd' left over in aqueous,
the aqueous layer pH was re-adjusted to neutral and
further saturation with sodium chloride was
ascertained. The aqueous layer was further extracted
with 0.6 - 0.8 times v/v of organic solvent such as
ethyl acetate, butyl acetate, etc. The organic layers
containing compound 'd' that was TGS , which was
pooled, charcoalized and concentrated under vacuum at
30 - 50 0C preferably at 40 - 45 C temperature. During
the concentration, the pH of the solution was
maintained neutral using sodium carbonate. The organic
solvent was evaporated off completely leaving behind a
syrup containing some amount of water. The water was
removed completely by addition of a suitable azeotrope
such as cyclohexane, toluene, heptane, etc. A thick
syrupy mass was obtained to which 1:0.5 to 0.8 times
v/v of ethyl acetate was added and a seeding of 2% of
TGS was added and kept at room temperature for 24 hrs
to 50 hrs for crystallization. The crystals were then
filtered, washed with methylene chloride and analyzed
by HPLC.The other organic layers obtained at various
stages explained were also concentrated and analyzed.
From the purified solution at the end of above solvent
extraction scheme, TGS can be isolated in solid form
by using crystallization. However, any other treatment
can be given to such a solution of pure TGS, which
includes but is not limited to adsorption on a
suitable adsorbent, thorough washing to make it free
from other constituents of the solution subjected to
adsorption on the adsorbent, elution of TGS into other
aqueous or organic solvent and separation into a solid
form by a suitable process including drying by various
methods comprising ATFD drying, freeze drying, spray
drying and the like. An adaptation or modification
such as only partially following the scheme of
extractive purification only to a certain step and
then switching over to another method of purification
is also included within the scope of this invention.
Thus, either after solvent extractive removal of
tetrachloro impurities, or after solvent extractive
removal of TGS-acetate, the aqueous layer can be
subjected to isolation of TGS by one or more of a
column 'chromatographic isolation method including but
not limited to column chromatography on silanized
silica gel and the like. At the same time a
modification or adaptation of scheme of solvent
extractive purification may be applied from any
advanced step, omitting earlier steps, depending on
the aim of purification and as long as the aim of 



purification is achieved; and such adaptations or
modifications are also involved within the scope of
this invention. For example, if only isolation of TGS
is aimed at from a neutralized chlorination reaction
mixture substantially free from DMF, it may be
possible to achieve it by extraction ofthe aqueous
layer with a single water immiscible or sparingly
miscible solvent such as methylene dichloride, ethyl
acetate, ethylene dichloride, methyl ethyl ketone, and
the like wherein the ratio of the aqueous phase to
organic solvent is adjusted to 1:0.3 to 1: 0.35 v/v
respectively and then going to saturation of the
aqueous layer with sodium chloride and extracting it
with a single water immiscible or sparingly miscible
solvent such as methylene dichloride, ethyl acetate,
ethylene dichloride, methyl ethyl ketone, It may be a
possible variation that extraction of TGS from
saturated sodium chloride solution is done by a
combination of organic solvents. Thus, many more
variations and adaptations of the invention claimed in
this specification are possible and all are included
within the scope of the claims of this invention.
Examples are described below which serve the purpose
of illustrating how the invention works for isolation
of TGS or other chlorinated sucrose derivatives in a
reaction mixture / a process stream in the manufacture
of a chlorinated sucrose including TGS, from other
components without putting any limitations on the
composition of a reaction mixture / a process stream
taken, or on source of a reaction mixture / a process
stream taken for isolation and separation. Any
application of this invention analogous to the claims
and obvious to a person skilled in the art is included
within the scope of this invention.EXAMPLES EXAMPLE :
1 ATFD solids mass, 50 kg, was dissolved in 75 L of
de-mineralized water and was centrifuged to remove the
insoluble solids. The filter aid used was Hyflo super
cell. The clear filtrate obtained along with washings
was 8OL was contacted with 36 L of organic solvent
mixture containing 80% ethyl acetate and 20% of
cyclohexane. The layers were separated and the aqueous
layer was again contacted with a fresh 36 L of the
same organic solvent mixture. The layers were again
separated. The separated layers were analyzed by Thin
Layer Chromatography and the movement of certain
compounds from aqueous to organic layers were
recorded. The TLC system mobile phase used was 8:6:1
(Ethyl acetate: Acetone: Water). The aqueous layer was
then contacted with 24 L of ethyl acetate twice and
layers separated. The separated layers were again
recorded by TLC. The aqueous layer was then saturated
with sodium chloride (17.6kg). The pH of the aqueous
layer was adjusted to neutral using 20% sodium
carbonate solution. The aqueous layer was then
extracted with 95 L of ethyl acetate twice and the
migration of TGS to the organic layer was checked by
TLC. The aqueous layer was further saturated with 8.0
kg of sodium chloride and extracted with 40 L of ethyl
acetate. The layers were separated and the aqueous
layer was concentrated under vacuum at 55C and the
sodium chloride crystals were filtered off. The final
syrup free from inorganic salts was analyzed.The
organic layers were pooled together and 11.5 kg of
charcoal was added and stirred for 45 min at room
temperature. The solution was then filtered to remove
charcoal and then concentrated under vacuum at 45C up
to 15 L stage where ethyl acetate was completely
removed. 25L of cyclohexane was added and refluxed to
remove water from the mass. A thick syrupy mass of
about 4.0 kg was obtained to which about 2.5 L of
ethyl acetate was added. The product content was
analyzed by HPLC in the syrupy mass and was found to
be 62%. 5Og of TGS was added as seeding and the
contents were kept for crystallization for 48 hr. The
crystals were then filtered ( 1 .2kg) and washed with
2.0 L methylene dichloride and were dried. The mother
liquor was concentrated and again seeded and kept for
crystallization. A second crop of 80Og of crystals was
obtained from the mother liquor. The product was
blended and analyzed by HPLC and was found to be 99%
pure. EXAMPLE : 2 2000 L of neutralized mass was
subjected to ethyl acetate extraction in a liquid
liquid extraction column. The volume/volume (v/v)
ratio of ethyl acetate to neutralized mass for
extraction was 3.5:1 . The ethyl acetate extract thus
separated was analyzed for TGS content and DMF
content. It was seen that about 10% of the total DMF
in the neutralized mass partitioned into the ethyl
acetate extract. The TGS from the neutralized mass was
completely extracted into ethyl acetate and the
extract was subjected to distillation under vacuum.
When the volume of the extract reached 750 L, the
concentration was stopped and the water from extract
separated out. This water was removed. 0.25% v/v of
saturated sodiumchloride solution was added to the
organic concentrate and mixed thoroughly for 15
minutes and allowed to settle. The layers were
separated. This addition of saturated sodium chloride
solution, mixing and separation was repeated 8 to 10
times till the DMF content in the organic extract
reached less than 1%. It was seen that the TGS
leaching into the brine washing was not more than 3%.
After the DMF removal by brine washings, the organic
extract was further concentrated to maximum, taken in
water and deacetylated using sodium hydroxide. The
deacetylated mass was about 80 L was taken for the
isolation of TGS. This solution was contacted with 36
L of organic solvent mixture containing 80% ethyl
acetate and 20% of cyclohexane. The layers were
separated and the aqueous layer was again contacted
with a fresh 36 L of the same organic solvent mixture.
The layers were again separated. The separated layers
were analyzed by Thin Layer Chromatography and the
movement of certain compounds from aqueous to organic
layers were recorded. The TLC system mobile phase used
was 8:6:1 (Ethyl acetate: Acetone: Water). The aqueous
layer was then contacted with 24 L of ethyl acetate
twice and layers separated. The separated layers were
again recorded by TLC. The aqueous layer was then
saturated with sodium chloride (17.6kg) The pH of the
aqueous layer was adjusted to neutral using 20% sodium
carbonate solution. The aqueous layer was then
extracted with 95 L of ethyl acetate twice and the
migration of 4,1', 6'-trichlorogalactosucrose to
theorganic layer was checked by TLC. The aqueous layer
was further 



saturated with 8.0 kg of sodium chloride and extracted
with 40 L of ethyl acetate. The layers were separated
and the aqueous layer was concentrated under vacuum at
55C and the sodium chloride crystals were filtered
off. The final syrup free from inorganic salts was
analyzed. The organic layers were pooled together and
11.5 kg of charcoal was added and stirred for 45 min
at room temperature. The solution was then filtered to
remove charcoal and then concentrated under vacuum at
450C up to 15 L stage where ethyl acetate was
completely removed. 25L of cyclohexane was added and
refluxed to remove water from the mass. A thick syrupy
mass of about 4.0 kg was obtained to which about 2.5 L
of ethyl acetate was added. The product content was
analyzed by HPLC in the syrupy mass and was found to
be 62%. 5Og of 4,1 ' , d'-trichlorogalactosucrose was
added as seeding and the contents were kept for
crystallization for 48 hr. The crystals were then
filtered ( 1 .2kg) and washed with 2.0 L methylene
dichloride and was dried. The mother liquor was
concentrated and again seeded and kept for
crystallization.' A second crop of 80Og of crystals
was obtained from the mother liquor. The product was
blended and analyzed by HPLC and was found to be
96.7%. Further work along above scope of plan of work
is progressing and is being documented.CLAIMS 1. A
process for isolation and purification of
1'-6'-Dichloro-1 '-6'- DIDEOXY- b-Fructofuranasyl-
chloro-^deoxy-galactopyranoside (TGS) from a
composition at least about 96 percent free from N-N
Dimethylformamide (DMF), containing TGS and one or
more of impurities comprising salts and derivatives of
one or more of a chlorinated sucrose comprising
following steps: i . adding to the above said
composition a mixture of organic solvent, and if
required water, to achieve ratio of aqueous to organic
phase such that substantially selective extraction of
4, 6, 1', 6' -tetrachlorogalactosucrose, 4,1', 4', 6'
- tetrachlorogalactosucrose and impurities equally or
more hydrophobic thereof are extracted in the organic
layer; including a ratio of aqueous phase to organic
phase as 1:0.25 to 1:0.55v/v , preferably from 1: 0.4
to 1: 0.45 v/v, wherein the said mixture of organic
solvents is preferably of ethyl acetate and
cyclohexane taken further preferably at a ratio of 80%
to 20% respectively, ii. subjecting the aqueous layer
of step (i.) to extraction with a single water
immiscible or sparingly miscible solvent comprising
one or more of methylene dichloride, ethyl acetate,
ethylene dichloride, methyl ethyl ketone, etc. wherein
the ratio of the aqueous to organic solvent is
adjusted such that substantially selective extraction
of ester derivatives of tetrachlorogalactosucrose,
trichlorogalactosucrose and dichlorosucroses and
impurities equally or more- hydrophobicthereof are
extracted in the organic layer, including a ratio of
1:0.3 - 1:0.35 of organic solvent v/v respectively,
iii. saturating the aqueous layer of step (ii.) with a
salt including but not limited to sodium chloride,
preferably adjusting the pH to neutral and extraction
of the aqueous layer with 1: 1.2 to 1.5 times v/v of
an organic solvent sparingly miscible or immiscible in
water such as ethyl acetate, Methyl ethyl ketone,
butyl acetate and the like, to achieve extraction of
TGS in the organic layer and iv. recovering TGS from
the organic phase of step iii.) by one or more of a
method of isolating a solid from a liquid comprising
crystallization, column chromatography and the like.
2. A process of claim 1 wherein: i . the said
composition comprises a process stream in a process of
production of TGS, or ii. the said composition is a
solution containing TGS obtained by dissolving in
water a solid mixture of TGS and impurities followed
optionally by filtration to remove un dissolved
solids, where the said solid mixture may be a result
of drying of a process stream in a process of
production of TGS. 3. A process of claim 1 wherein: i
. the said salts include one or more of a salt of one
or more of an alkali metal, an alkaline earth metal
and the like, andii. the said derivative of a
chlorinated sucrose is one or more of (a) 4, 6, 1', 6'
-tetrachlorogalactosucrose, (b) 4,1', 4', 6' -
tetrachlorogalactosucrose, (c) ester derivatives of
tetrachlorogalactosucrose, trichlorogalactosucrose and
dichlorosucroses (d) 4,1', 6'-trichlorogalactosucrose,
(e) 1', 6'- dichlorosucrose and (f) 4,
1'-dichlorosucrose, further 4. A process of claim 1
wherein the said composition is obtained substantially
free from DMF by one or more of a method of DMF
removal, excluding steam stripping, comprising: i .
azeotropic distillation in rising film evaporators or
falling film evaporators, or ii. extracting the said
composition in a relatively water immiscible solvent
and washing the same with a saturated solution of
sodium chloride in water, the said relatively water
immiscible solvent is a single organic solvent or a
mixture of two or more solvents comprising ethyl
acetate, Methyl ethyl ketone, butyl acetate and the
like. 5. A process of claim 1 wherein step (i.) or
step (ii) or both the steps of claim 1 are omitted in
absence of impurities comprising terta-chloro sucrose,
or sucrose-6-acetate or both and the like . 6. A
process of claim 1 wherein step (1) of claim 1 is
omitted and only step (ii) and (iii) are performed.7.
A process of claim 1 wherein step (ii) is omitted
since sucrose-6- acylate is not present in the
composition. 


