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(57) ABSTRACT 

The invention discloses a neW clause of a ?ve membered 
heterocylic ring compounds of general formula I 

and its pharmaceutically or cosmetically acceptable salts, 
Wherein R1, R2, R3, R4, R5, A, B, X and Y are as de?ned 
in the speci?cation. The invention also discloses a process 
for preparation of these compound and their therapeutic and 
cosmetic applications particularly in the management of 
aging related and diabetic vascular complications. The com 
pounds in question act by triple action of an AGE (Advanced 
Glycation Endproducts) breaker, AGE inhibitor and free 
radical scavenger Which make them most suitable in differ 
ent therapeutic and cosmetic applications. The invention 
also discloses pharmaceuticals and cosmetic compositions 
comprising these compounds and method of treatment of 
diseases caused by accumulation of AGE and/or free radi 
cals in the body cells. 
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NOVEL COMPOUNDS FOR THE MANAGEMENT 
OF AGING-RELATED AND DIABETIC VASCULAR 

COMPLICATIONS, PROCESS FOR THEIR 
PREPARATION, THERAPEUTIC AND COSMETIC 

USES THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of US. application 
Ser. No. 10/116,135 ?led Apr. 5, 2002, Which claims bene?t 
from US. provisional Application No. 60/281,380 ?led Apr. 
5, 2001; the above-noted applications incorporated herein by 
reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a neW class of 
compounds of ?ve membered heterocyclic ring compounds 
and to their use in treatment of diabetes and related illnesses. 
More particularly the invention relates to compounds of this 
series, methods for their preparation, pharmaceutical com 
position containing these compounds and their use in the 
treatment of complications of diabetes mellitus. The com 
pounds of this series exhibit AGE breaking and inhibiting 
activity, Which is essential for the treatment of diabetic and 
aging-related vascular and neurovascular complications 
including kidney disease, nerve damage, atherosclerosis, 
retinopathy, in?ammatory disorders, immunological disor 
ders, oxidative stress and dermatological & cosmetic indi 
cations. 

1. Field of the Invention 

[0004] The invention also extends to the method of revers 
ing the discoloration of teeth resulting from nonenZymatic 
broWning in the oral cavity by administration of an effective 
amount of these compounds to reverse pre-formed advanced 
glycosylation crosslinks. 

[0005] These compounds, also exhibit free radical scav 
enging activity and hence are useful in the treatment of 
diseases caused by free radicals besides their cosmetic 
applications 
[0006] The triple function of a free radical scavenger, 
AGE breaker and AGE inhibitor of these compounds can be 
effectively used in cosmetic compositions Which are capable 
of arresting and reversing the process of skin aging resulting 
from an increased accumulation of advanced glycation end 
products (AGEs) on the skin proteins and photo damage 
through free radical actions. The invention further relates to 
composition and method for scavenging free-radicals from 
the body cells. 

[0007] 2. Description of the Related Art 

[0008] Maillard in 1912 found that reducing sugars, such 
as glucose and ribose react With proteins to form broWn 
pigments. Further studies have shoWn that this is an irre 
versible non-enzymatic reaction, Which occurs in several 
natural systems including stored foodstuff. Maillard reaction 
occurs in tWo stages, early and advanced. Initially, proteins 
react With glucose to form stable Amadori products, Which 
subsequently cross-links to form advanced glycation end 
products (AGE). In most cases, the formation of AGE also 
accompanies broWning of the proteins and increase in the 
?uorescence. 
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[0009] In diabetes, Where blood glucose level is signi? 
cantly higher than normal, the reaction of glucose With 
several proteins such as hemoglobin, lens crystallin and 
collagen, gives rise to the formation of AGE, Which in turn, 
is responsible for the complications associated With diabe 
tes, such as nephropathy, microangiopathy, endothelial dys 
function and other organ dysfunctions. In addition, the 
activity of several groWth factors, such as basic ?broblast 
groWth factor, is also impaired. AGE products, unlike nor 
mal proteins in tissue, have a sloWer rate of turnover and 
replenishment. It has been reported that AGE products may 
in fact elicit a complex immunological reaction involving 
RAGE (Receptor for Advanced Glycation End Products) 
receptors and activation of several incompletely de?ned 
immunological processes. It has been documented that dia 
betes With evidence of microangiopathy and macroangiopa 
thy also shoW evidence of oxidative stress, the mechanism 
of Which has not been elucidated. 

[0010] In vitro AGE formation can be studied in the 
laboratory by incubating reducing sugars, such as ribose or 
glucose With bovine serum albumin. AGE formation can be 
detected by increase in the ?uorescence or increased cross 
reactivity With anti-AGE antibodies. The increase in ?uo 
rescence seems to precede formation of AGE speci?c anti 
genic epitopes. This increase in ?uorescence is used to 
monitor the increased AGE formation in vitro (BroWnlee M 
et al, Science 1986; 232:1629-1632). In addition to the 
increase in the ?uorescence, one of the most important 
features of in vitro AGE formation is the formation of 
antigenic epitopes that are speci?c to AGE and not to the 
native proteins. Therefore, it is possible to raise antibodies 
against advanced glycation end products of one protein and 
use them to detect AGE formation in other proteins. This has 
served as an important analytical tool in AGE research. 

[0011] Due to the clinical signi?cance of AGE formation, 
many approaches are being used to diagnose, prevent, or 
revert AGE formation in the body. The formation of AGE 
could be inhibited by reacting With an early glycosylation 
product that results from the original reaction betWeen the 
target protein and glucose. The inhibition Was believed to 
take place as the reaction betWeen the inhibitor and the early 
glycosylation product appeared to interrupt the subsequent 
reaction of the glycosylated protein With additional protein 
material to form the cross linked late stage product. Com 
pounds like aminoguanidine act to inhibit AGE formation by 
such mechanism. 

[0012] The formation of AGE on long-lived proteins is 
also associated With cross-linking of these proteins. The 
AGE derived protein cross-links have been shoWn to be 
cleaved by compounds like N-phenacyl thiaZolium bromide 
(PTB), Which reacts With and cleaves covalent, AGE derived 
protein cross links (Vasan et al. Nature 1996; 382: 275-278; 
US. Pat. No. 5,853,703, Date ofpatent: Dec. 29, 1998). The 
mechanism of reducing the AGE content in tissues is 
expected to take place relatively rapidly, in contrast to 
aminoguanidine, Which acts sloWly by its very nature of 
mechanism of action. 

[0013] The compounds Which are AGE breaker or AGE 
inhibitor are of prime importance in therapeutic applications 
as mentioned beloW: 
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[0014] AGE Breakers: 

[0015] The compounds Which can break the accumulated 
AGE can be used as a medicament in the treatment of 
diabetic complications and aging-related diseases caused by 
accumulation of AGE. 

[0016] The compounds Which can inhibit accumulation of 
AGE by breaking AGE, can be used as a medicament for 
arresting the aggravation of diseases such as diabetes and 
aging related complications caused by accumulation of 
AGE. 

[0017] AGE Inhibitors: 

[0018] The compounds Which can inhibit accumulation of 
AGE by inhibiting formation of AGE, can be used in a 
medicament for the diseases such as diabetes and aging 
related complications caused by accumulation of AGE. 

[0019] The unchecked formation of AGE in vivo, such as 
in diabetics related diseases, can lead to severe physiological 
impairment. For example, in diabetic neuropathy and retin 
opathy, the functional integrity of the capillary Wall barrier 
and inner blood retinal barrier, respectively, are defective, as 
evidenced by the abnormal attachment of the endothelium to 
the basement membrane. This defect is a direct consequence 
of the cross-linking of structural proteins by glycation. The 
etiology of diabetic neurovascular disorders, as Well as 
immunological disorders, is the formation of AGE. Cur 
rently, it is believed that inhibiting AGE formation, or the 
breaking of existing AGE, Would be bene?cial in a variety 
of diseases, including nephropathy, neuropathy, arterioscle 
rosis, and dermatological disorders. 

[0020] Studies have demonstrated positive effects of 
agents that break AGE, such as in studies on cardiovascular 
complications related to aging, a condition Which is accel 
erated in experimental diabetic conditions (Wollfenbuttel et 
al., 1998). 

[0021] In another pharmacological approach to controlling 
levels of AGE in tissues, especially in those tissues in Which 
AGE has already accumulated to levels Which are respon 
sible for sub-clinical or clinical pathology, administration of 
agents that reverse or break AGE has proven successful. As 
described in US. Pat. Nos. 5,656,261 and 5,853,703 agents 
and methods are disclosed Which reverse (or cleave or 
break) AGE formation in vitro and in vivo. 

[0022] Several successful therapeutic approaches have 
also been achieved based upon blocking the accumulation of 
AGE in vivo. One approach, exempli?ed in US. Pat. No. 
4,758,583 concerns the inhibition of the formation of AGE 
from its precursors, by the administration of agents such as 
aminoguanidine and related compounds. 

[0023] As has been shoWn in the above-cited references, 
compounds Which block AGE formation, or break AGE, are 
reasonably correlated to the treatment of AGE-related dis 
orders, such as diabetic nephropathy, neuropathy, retinopa 
thy, and arteriosclerosis, dermatological disorders, non-en 
Zymatic broWning of the oral cavity, endothelial or other 
organ dysfunction and groWth impairment. 

[0024] The correlation betWeen the onset of AGE With 
various diseases has also been described in various literature 
as discussed beloW. 
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[0025] The correlation betWeen the formation of 
Advanced Glycation End products (AGE) and nephropathy 
is Well established by several research publications. Beiss 
Wenger (1995) has shoWn that AGE concentration in human 
diabetic subjects correlates With early manifestation of renal 
diseases. Makita et al (1991) has shoWn that increase in AGE 
peptides parallels With the severity of renal dysfunction. The 
above citations clearly shoW that AGE is the principal cause 
of diabetic nephropathy. Yamauchi (1997) shoWed that pre 
vention of AGE formation by aminoguanidine inhibits 
development of diabetic nephropathy. Aminoguanidine 
administration is also shoWn to ameliorate thickening of 
glomerular basement membrane of diabetic rats (Ellis 1991). 
Aminoguanidine is also shoWn to attenuate the rise in 
albuminuria in experimental diabetic rats (Soulis-Liparota, 
1 991). 
[0026] AGE is also shoWn to induce expression of vascu 
lar endothelial groWth factor in retinal muller cells (Hirata, 
1997, Murata, 1997) and therefore may promote intraocular 
neovasculariZation in diabetic retinopathy. Aminoguanidine 
treatment is shoWn to retard progression of diabetic retin 
opathy in rat model (Hammes, 1991, Hammes, 1994, Rou 
fail, 1998). 
[0027] Aminoguanidine treatment is also shoWn to 
improve nerve conduction velocity in diabetic rats (Kihara, 
1991 Miyauchi, 1996 and Yagihashi, 1992). 
[0028] Bucala (1996) has extensively revieWed various 
aspects of development of Atheroscelrosis and stated that 
accumulation of AGE can trigger a series of cellular events, 
such as cellular oxidative stress, expression of adhesion 
molecules, endothelial transmigration of monocytes, etc. 
and these events can lead to atherosclerosis. Kirstein (1990) 
have demonstrated that (i) in vitro and in vivo-formed AGE 
proteins are chemotactic for human blood monocytes, (ii) 
sub-endothelial AGE can induce monocyte migration across 
intact endothelium and (iii) interaction of monocyte With 
AGE containing matrix results into induction platelet 
derived groWth factor. 

[0029] Thus, it can be concluded that AGE, upon interac 
tion With endothelial cells through its receptor RAGE, 
activate nuclear factor Kappa B and induce various genes 
expressing adhesion molecules. AGE-endothelium interac 
tions also increase oxidative stress, initiate monocyte migra 
tion, block endothelial nitric oxide and stimulate angiogen 
esis. All these conditions result in conditions such as 
atherosclerosis. 

[0030] Other dysfunctions demanding loWer tissue AGE 
burden include, Hypertension, Restenosis, abnormal tissue 
hindrance in peritoneal dialysis, Erectile Dysfunction and 
AlZheimer disease. Similarly, on the other hand, non-enZy 
matic cross-linking of structural proteins, such as collagen, 
leads to increased stiffness of arteries and reduce arterial 
compliance and distensibility. In fact, treatment of AGE 
breaker ALT-711 is shoWn to reverse diabetes induced 
increase of arterial stiffness and improve arterial compliance 
(Wollfenbutel 1998). Aronson et al (1996) have revieWed 
role of AGE in promoting in?ammatory cell recruitment and 
smooth muscle proliferation and suggested it to be a likely 
reason for greater restenosis, abnormal tissue hindrance in 
peritoneal dialysis rate in diabetic patients. 
[0031] Seftel (1997) has shoWn signi?cant elevation of 
pentosidine in the penile tissue of diabetic patients as 
compared to non-diabetic. They have speculated a mecha 
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nism for AGE mediated erectile dysfunction via upregula 
tion of inducible nitric oxide and doWnregulation of endot 
helial nitric oxide in penile tissues. 

[0032] Vitek et al (1994) have reported that beta amyloid 
peptides (BAP) aggregate sloWly under normal physiologi 
cal conditions Whereas AGE modi?ed (BAP) shoWed a much 
more rapid aggregation. Plaque numbers increase in asso 
ciation With neuronal degeneration and cognitive decline in 
AD. Aggregated but not monomeric BAP is actively neuro 
toxic. Hence interference With the process by Which AGE 
formation enhances BAP aggregation or inhibition of AGE 
formation or AGE breaker therapy Will provide neW thera 
peutic opportunities to reduce the pathophysiological 
changes associated With AlZheimer’s disease. 

[0033] Hence AGE inhibitors/breakers Would be bene? 
cial in reducing the aggregation of BAP, leading to the 
prevention/treatment of AlZheimer’s disease. 

[0034] Li et al (1996) have provided evidence for an 
interrelationship betWeen tWo key manifestations of physi 
ological aging in the rat cardiovascular and renal decline and 
the spontaneous age associated biochemical process termed 
advanced glycation thought to contribute to progressive 
tissue damage and organ failure. In their study aminoguani 
dine (an AGE inhibitor) Was found to signi?cantly prevent 
tissue damage as a result of inhibiting AGE formation. 
LoWer tissue AGE burden in rats as a result of aminoguani 
dine administration Was found to preserve an altogether 
more satisfactory level of cardiovascular and renal function 
as evidenced by the generally healthier appearance of old 
rats treated by aminoguanidine as compared to the untreated 
age and Weight matched controls. Hence AGE inhibitors 
could be used for the prevention of aging related disorders. 

[0035] The nonenZymatic broWning reaction, Which 
occurs in the oral cavity, results in the discoloration of teeth. 
Anti-plaque agents such as chlorhexidine have been reported 
to accelerate the non-enZymatic broWning reaction and 
further the staining of teeth. (Nordbo, J. Dent. Res., 58, p. 
1429 (1979)). Nordbo has proposed that chlorhexidine 
results in tooth staining in tWo Ways: ?rst, by increasing the 
formation of pelicle Which contains more amino groups, and 
secondly, by catalysis of the Maillard reaction leading to 
colored products. 

[0036] The ability of inhibitors of non-enZymatic broWn 
ing reaction to prevent the discoloration of protein on a 
surface, such as that Which occurs on the tooth surface has 
been demonstrated With in vitro experiments in Us. Pat. No. 
5,137,916; U.S. Pat. No. 5,272,176. 

[0037] Compounds that have the ability to inhibit or 
reverse AGE have been claimed to be useful for the inhib 
iting or reversing the discoloration of teeth resulting from 
non-enZymatic broWning in the oral cavity. (U .8. Pat. No. 
5,272,176; U.S. Pat. No. 5,853,703) 

[0038] All these evidences point out to a common under 
lying mechanism for the pathophysiological conditions 
associated With diabetes and that is the formation of 
Advanced Glycation Endproducts. As the total tissue burden 
of AGE increases, the severity of the pathological symptoms 
too increase. On the other hand, if the quantum of AGE is 
controlled by the compounds like Aminoguanidine, the 
progression of disease is also retarded. In the present inven 
tion, the inhibition of Advanced Glycation Endproducts is 
described. 
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[0039] Renal disease is a leading cause of death and 
diability in diabetes. Chronic dialysis and renal transplan 
tation are quite routine in patients With renal failure due to 
diabetes. Peritoneal Dialysis (PD) Works on the same prin 
ciple as hemodialysis, but the blood is cleaned While inside 
the body rather than through a machine. The major differ 
ence in peritoneal dialysate formulations as compared to 
hemodialysis in the amount of higher glucose concentrations 
used as an osmotic agent (1.5, 2.5 or 4.25 g/dL). High 
glucose formation in humans is associated With the progres 
sive formation of Advanced Glycosylation End-products 
(AGE’s) that damage organ function. AGE’s contribute to 
the development of abnormal ?brous tissue and reduces the 
ability of the peritoneum to ?lter ?uids, leading to a failure 
of the PD procedure. 

[0040] The compounds Which can alter the AGE contents 
of the tissue could be used to prevent this process and other 
medical complications arising from the formation of AGE’s. 
Use of an AGE breaker or inhibitor in the dialysis ?uid 
Would inhibit formation of abnormal ?brous tissue and 
thereby facilitate peritoneal dialysis procedure. Accordingly 
the compound of the invention can be used for preparation 
of dialysis ?uid for peritoneal dialysis of a diabetic patient. 

[0041] Reducing the tissue burden of AGE is expected to 
reverse these conditions, Whereas preventing accumulation 
upto critical mass could prevent the condition from occur 
ring. These conditions are listed belloW: 

[0042] 
[0043] 
[0044] 
[0045] 
[0046] 
[0047] 
[0048] 
[0049] 
[0050] 
[0051] 
[0052] 
[0053] 
[0054] 
[0055] 
[0056] o. restenosis, abnormal tissue hindrance in perito 
neal dialysis, 

a. vascular and neuro-vascular complications, 

b. nephrological disorder, 

c. neurological disorder, 

d. atherosclerosis, 

e. retinal disorder, 

f. dermatological disorder, 

g. non-enzymatic broWning of oral cavity, 

h. endothelial or other organ dysfunction, 

i. groWth impairment, 

j. in?ammatory disorder, 
k. immunological disorder, 

1. oxidative stress, 

m. aging and diabetic complication, 

n. alZheimer disease, 

[0057] p. abnormal tissue hindrance in peritoneal dialysis 
and 

[0058] q. erectile dysfunction. 

[0059] The compounds shoWing the activity toWards 
breaking/inhibiting AGE can also be useful for their cos 
metic utility. 

[0060] Health, resilience and youthful appearance of the 
skin depends, among other things, on several key classes of 
biological molecules. The key skin molecules are collagen 
and elastin. Collagen is a protein, forming the structural grid 
that holds other skin structures. It gives the skin its strength 
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and durability. As any other protein, collagen is composed of 
amino acids. HoWever it is unusually rich in a feW speci?c 
amino acids; proline, hydroxy proline, lysine and glycine. 
Elastin is also a protein, more stretchable than collagen and 
helps to maintain skin resilience and elasticity. It contains 
tWo special amino acids: desmosine and isodesmosine. 
When both elastin and collagen are at scarce and damaged, 
the skin looses its shape after being stretched or folded 
leading to Wrinkles and facial sag that happens during the 
process of aging. 

[0061] Most modern theories of aging have centered 
around the notion that age-related deterioration is primarily 
due to structural and functional modi?cations of cellular 
constituents. The currently popular hypothesis are the Free 
Radical, Glycation or Maillard theories of aging. The ?rst 
hypothesis proposes that age-related effects are due to free 
radical reactions that damage cellular constituents. “Free 
radical” refers to an unstable molecule that has an unpaired 
or odd electron in an outer orbit, Which indiscriminately 
react With other molecules causing lipid, DNA and protein 
damage. The latter hypothesis propose that the primary 
cause of aging is cellular damage resulting from the modi 
?cation of macromolecules induced by non-enzymatic gly 
cation and Maillard reactions to form advanced glycosyla 
tion end-products (AGEs). Non-enzymatic glycation is the 
chemical attachment of sugars to protein that eventually 
causes protein cross linking, Which is irreversible. Although 
these hypothesis Were formulated independently, it suggests 
that free radicals, glycation, and Maillard reactions may in 
fact represent partially interactive elements of a single, more 
complex biochemical pathWay, and that age-related deterio 
ration is produced by the sum of the damages induced by all 
three hypotheses, and by their interactions. 

[0062] Skin, a highly differentiated and complexly struc 
tured organ, is particularly vulnerable to free radical damage 
on exposure to UV radiation resulting in an increased 
accumulation of AGEs on the skin as Well as an increased 
production of singlet oxygen and super oxide radicals Which 
damage the important skin molecules such as collagen and 
elastin. Under such situations an anti-oxidative condition 
through free radical scavenging Would certainly enable the 
skin to maintain its normal resilience and integrity against 
damage. 

[0063] Hence, the present invention is directed toWards a 
cosmetic application With an active molecule capable of 
reversing the AGE cross links and creating an anti-oxidative 
environment in tissues through its AGE breaking and free 
radical quenching actions, thereby signi?cantly sloWing 
doWn the aging manifestations. 

[0064] The skin is the largest organ in the body, compris 
ing about 15% of the body Weight. In terms of chemical 
composition, the skin is about 70% Water, 25% protein and 
2% lipids. The remainder includes trace minerals, nucleic 
acids, glycosoaminoglycans, proteoglycans and numerous 
other chemicals. 

[0065] The skin consists of 3 main layers: Epidermis, 
dermis, subcutaneous tissue. The epidermis is the ?rst bar 
rier betWeen us and the outside World. This layer consists of 
3 types of cells; keretinocytes, melanocytes and langerhans 
cells. The dermis is the middle layer of the skin, the thickest 
of the skin layers and comprises a tight, sturdy mesh of 
collagen (type-I and III) and elastin ?bers Which are the 

Jul. 19, 2007 

critically important skin proteins. The dermis also consists 
of ?broblasts, capillaries, lymph nodes, sebaceous glands, 
sWeat glands and hair follicles. The subcutaneous tissue is 
the innermost layer of the skin comprising mainly of adi 
pocytes, acts as a shock absorber and heat insulator, pro 
tecting underlying tissues from cold and mechanical trauma. 

[0066] Aging is a biological phenomenon Which is sym 
boliZed by Wrinkles and sagging skin. As a person ages, skin 
cells divide more sloWly, and the inner skin, or dermis, starts 
to thin. Fat cells beneath the dermis begin to atrophy, and the 
underlying netWork of elastin and collagen ?bers, Which 
provides scaffolding for the surface layers, loosens and 
unravels. Skin loses its elasticity; When pressed, it no longer 
springs back to its initial position but instead sags and forms 
furroWs. The skin’s ability to retain moisture diminishes; the 
sWeat- and oil-secreting glands atrophy, depriving the skin 
of their protective Water-lipid emulsions. As a consequence, 
the skin becomes dry and scaly. In addition, the ability of the 
skin to repair itself diminishes With age, so Wounds are 
sloWer to heal. Frown lines (those betWeen the eyebroWs) 
and croW’s feet (lines that radiate from the comers of the 
eyes) appear to develop because of permanent small muscle 
contractions. Habitual facial expressions also form charac 
teristic lines, and gravity exacerbates the situation, contrib 
uting to the formation of joWls and drooping eyelids. Since 
the skin represents the most visible organ of the aging, there 
is increasing interest in the physiology and reversal of 
Wrinkles, elastoses and senile xerosis. Cutaneous aging is a 
complex phenomenon consisting of genetically determined 
intrinsic and extrinsic aging factors (Boni R, Burg G: 
SchWeiZ Med Wochenschr (2000) Sep. 9; 130 (36): 1272-8). 

[0067] Mainly, there are tWo biologically independent 
aging processes that occur simultaneously, Which account 
for the major changes seen in skin over time. 

[0068] 
and 

l. Extrinsic aging or Photoaging/Extemal Factors 

[0069] 2. Innate or Intrinsic aging/Internal Factors 

[0070] Extrinsic aging or Photoaging, Which results When 
skin is exposed to the elements like Ultraviolet (UV) radia 
tion, Chemical Pollutants, Allergens, Mechanical damage, 
etc. Extrinsic aging is primarily caused by ultraviolet radia 
tion of the sun. 

[0071] Intrinsic aging affects skin by sloW, irreversible 
degeneration of tissue. The factors causing intrinsic aging 
are genetic, nervous (stresses), immune, hormone disorders 
and others. Intrinsic aging can be observed over the entire 
surface of the body, including skin protected from ultraviolet 
radiation of sun. The phenomenon of glycation as discussed 
above plays a serious part in intrinsic aging. Proteins from 
dermis, elastin and collagen react With sugars in the body, 
especially glucose to result in the binding together of 
collagen ?bers and the synthesis of free radicals. This 
modi?es the structure of the skin causing it to loose its 
suppleness and become more rigid. Thus, the most notice 
able changes on facial skin result from a combination of 
intrinsic and extrinsic aging processes. 

[0072] Basically tWo factorsifree radicals and AGE for 
mation are the prominent accelerators of skin Wrinkles. The 
Maillard theory of Skin aging dates back to 1912 When 
Maillard found that reducing sugars such as glucose and 
ribose react With proteins to form broWn pigments. The 
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Maillard reaction is a series of complex reactions that cause 
the cross-linking of protein via the interaction of reducing 
sugars With amino groups of proteins to form stable Amadori 
products, Which subsequently cross-link to form Advanced 
Glycation End products (AGE). Another property of critical 
biological signi?cance is the observation that the Amadori 
products continue to cross-link and polymerize even in the 
absence of free glucose. Protein crosslink is important since 
it is responsible for deep Wrinkling in the dermis. The 
formation of AGE crosslinks is also a natural part of the 
aging and all the processes Where protein aging is a serious 
detriment. During the aging process reducing sugar chemi 
cally attaches to the skin’s support proteins like elastin and 
collagen, causing them to become gradually rigid and sloW 
ing their reneWal. This non-speci?c and non-enzymatic 
attachment of the sugar to collagen and elastin lead to the 
formation of AGE Which continues to cross-link and poly 
merize even in the absence of free glucose. The studies on 
the role of AGEs in aging collagen using scanning force 
microscope reveal that in the presence of an increased 
concentration of AGEs, signi?cant structural alterations 
have been observed in the collagen ?brils of old rats (Odetii 
P, Aragno I, et al. Gerontology (1998); 44 (4); 187-91). As 
a result of this aging process, collagen loses its elasticity and 
the skin develops Wrinkles. 

[0073] The covalent binding of glucose to the amino group 
of protein alone is not suf?cient to account for structural 
changes observed in collagen. Oxygen radicals formed dur 
ing glucose oxidation, and glycated protein oxidation may 
be involved directly in the formation of AGEs and collagen 
cross-linking. In vitro studies demonstrate that the presence 
of oxygen is indispensable for the advanced glycation and 
cross-linking of collagen. Antioxidative condition and free 
radical scavengers have been proven to inhibit or sloW doWn 
the formation of AGEs and the cross-linking of collagen. It 
is also knoWn that free radical scavengers are essential in 
protecting the epidermis from damage by free radicals 
generated both by environmental and endogenous factors 
(Pugliese P T, Dermatol. Nurs (1998) Dec: 10 (6): 401-16; 
quiz 417-18). 
[0074] Skin, Which has a highly differentiated and cer 
tainly complex organizational structure, is particularly vul 
nerable to free radical damage because of its contact With 
oxygen and other environmental stimuli (Calabrese V, 
Scapagnini G et. al., Drugs Exp. Clin Res. (1999); 25(6): 
281-7). Studies have proved that UV radiation increases the 
formation of AGEs on collagen, elastin and other skin 
proteins. It forms a vicious cycle by increasing the accumu 
lation of AGEs on the skin as Well as increased production 
of singlet oxygen and super oxide radicals, Which damage 
the skin protein. 

[0075] With recent years, substantial progress has been 
made in unraveling the underlying mechanisms of photoag 
ing. Induction of matrix metalloproteinases as a conse 
quence of activator protein (AP)-1 and Nuclear factor (NF) 
kB activation as Well as mutations of mitochondrial DNA 
have been identi?ed recently (Berneburg M, et. al. Photo 
dermatol Photoimmunol. Photomed (2000) Dec. 16 (6): 
238-44). In the early stage of glycation the condensation of 
reducing sugars such as glucose With amino groups of 
proteins generates UVA photo generated singlet oxygen free 
radicals. It is reported that AGE is an important factor for 
promoting photoaging in the skin via generation of active 
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oxygen species involving 0;, H202 and iOH (Masaki H. 
et. al., Biochem Biophys. Res. Commun (1997) June 18: 
235). On the basis of invitro ?broblast studies a possible 
mechanism is proposed in Which AGEs under UVA irradia 
tion generate active oxygen species involving 0;, H202 and 
OH While the OH species place a harmful role in promoting 
cell damage (Hitoshi Masaki et. al. Biochemica et Bio 
physica Acta 1428 (1999) 45-56). These radicals disrupt the 
natural balance of the skin by stimulating the skin cells to 
synthesize metalloproteinases. The metalloproteinase 
enzymes degrade collagen Without synthesizing anti-metal 
loprotenases that keeps a check on the skin protein degra 
dation, Which is a normal biological response. The unbal 
anced production of metalloproteinase over anti 
metalloprotenases induced by singlet oxygen free radicals 
leads to break doWn of collagen and elastin of the skin. This 
is folloWed by imperfect Wound repair of damaged collag 
enous matrix and accumulation of elastotic material, as a 
consequence the skin sags and Wrinkles. 

[0076] Due to the exposure of AGEs to UV A radiations, 
the generation of super oxide anion gets enhanced. This is 
accomplished through cellular electron transfer chain in 
Which UVA-AGEs energy enhances the passing of electrons 
onto ground state oxygen. This leads to enhanced formation 
of super oxide. anion during Adenosine Triphosphate (ATP) 
synthesis. An enzyme super oxide dismutase converts the 
super oxide anion into hydrogen peroxide and oxygen. 
Finally, the catalytic action of iron and copper transforms 
hydrogen peroxide into toxic hydroxyl radical causes the 
degradation of skin collagen and elastin Which is folloWed 
by imperfect Wound healing and solar scar develop that 
photoage the skin. 

[0077] The shelves in the cosmetics market are full of 
products treating extrinsic aging, but there is still a vacuum 
for a product, Which targets intrinsic aging by inhibiting 
AGE in skin support proteins. 

[0078] The ability to inhibit the formation of Advanced 
Glycation End products (in skin support proteins, like col 
lagen) along With AGE breaker activity and Free Radical 
Scavenging activity, carries With it signi?cant implications 
in treatment of Skin aging and Wrinkles etc. 

[0079] Thus, using the molecules, Which can alter the 
presence of AGE, it is possible to prevent the signs of skin 
aging and Wrinkle formation etc., and using them for cos 
metic applications. 

[0080] Experience shoWs that skin aging and Wrinkle 
formation occur in-spite of good skin care. Hence, there is 
a need for development of an agent to prevent or treat aging 
of skin caused by formation of AGE. The compounds of the 
present invention are non-peptide, capable of modifying the 
AGE cross-link, formation in Collagen and Elastin. The 
compounds of the instant invention can be formulated along 
With other agents into a cosmetic preparation. 

[0081] To prevent or delay skin Wrinkles, it is important to 
inhibit formation of AGE, to reverse the already formed 
AGE as Well as loWer the oxidative stress by means of an 
antioxidant or free radical scavanger. Essentially a molecule 
that inhibits AGE; breaks AGE and sloWs doWn the forma 
tion of AGE and prevents collagen degradation, Would be an 
ideal candidate for cosmeceuticals. The molecules of the 
instant invention exhibit the properties of being an AGE 
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inhibitor and a potent AGE breaker Well as free radical 
scavenger Which make them most suitable for cosmetic 
applications. 
[0082] Free radicals are atoms or molecules that have one 
or more unpaired electrons in their atomic structures and are 
highly reactive. Free radicalsireactive oxygen species 
(ROS)iare produced continuously in mammalian systems 
as a consequence of normal metabolic processes. Exogenous 
sources of ROS include exercise, pollution (especially ciga 
rette smoke and car exhaust), alcohol, sunlight, and drugs 
(like anesthetics). Although free radicals have an important 
role in normal physiologic mechanisms, the excessive pro 
duction of ROS results in oxidative stressithe terms usu 
ally applied to the out come of oxidative damage to bio 
logically important molecules, such as protein, lipids, and 
nucleic acids. Proteins have long been knoWn to be suscep 
tible to oxidation by ROS. Aromatic amino acids like 
cystine, and disul?de bonds are particularly vulnerable. All 
biological materials contain a variety of polyunsaturated 
fatty acids, Which are predominantly located in membrane 
lipids. They are highly susceptible to damage by ROS. 

[0083] The group of compounds knoWn as antioxidants 
(also referred to as “free radical scavengers”) is the major 
defense against oxidative stress. These compounds function 
to protect membrane and cytosolic components against 
damage from ROS. Primary antioxidants, Which prevent the 
formation of neW radical species, include enzyme systems 
such as superoxide dismutase (SOD) and glutathione per 
oxidase (GSH Px). Secondary antioxidants trap radical spe 
cies, thus preventing chain reactions, and include nutrients 
such as vitamin E, vitamin C, taurine and [3-carotene. The 
?nal line of antioxidant defense is provided by the repair 
systems such as the enzyme methionine sulfoxide reductase 
that regenerates methionine residues Within oxidiZed pro 
teins and restores function. 

[0084] Endogenous oxidative damage to cellular compo 
nents, primarily proteins, lipids, and DNA is thought to 
contribute to the pathogenesis of numerous chronic diseases. 
The association betWeen compromised antioxidant status, 
indices of oxidative damage, and clinical conditions like 
diabetes mellitus, asthma, chronic renal failure, hepatitis, 
colitis, atopic dermatitis, arthritis and various degenerative 
disorders is noW Well documented. There is considerable 
circumstantial evidence linking diminished antioxidant sta 
tus including enZymes and noneZymatic scavengers, to 
increased oxidative damage and disease severity. 

[0085] There is need of the molecules With ability to 
break/ inhibit the protein cross linking, in addition of having 
anti-oxidant activity so that apart from their use in several 
disease conditions Where oxidative stress plays vital role in 
the pathogenesis, they can be effectively used for cosmetic 
applications as mentioned beloW: 

a) reversal and prevention of Wrinkles, 

b) reversal and prevention of ?ne lines, 

c) promotion of epidermal groWth, 

d) photo protection of skin, 

e) reversal and prevention of skin discoloration, 

f) reversal and prevention of age spots, 

g) conditioning and prevention of dry spot, 
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h) reversal and prevention of stretch marks, 

i) reversal and prevention of blemishes, 

j) skin care and conditioning, 

k) reversal and prevention of senile xerosis, 

l) conditioning and prevention of sun burns, 

m) preventing and reversing the loss of collagen, 

n) improving skin texture, 

o) improving skin tone, 

p) enhancing of skin thickness, 

q) decreasing pore siZe, 

r) restoring skin luster, 

s) minimising signs of fatigue, 

t) reducing acne, 

u) treatment of Telangiectasia and 

v) improving aesthetic appearance of hair and nails. 

Pharmaceutical Application of the Free-Radical Scavenging 
(Anti-Oxidant) Property of the Molecules. 

[0086] Apart from the use of the compounds for cosmetic 
applications based on their AGE-breaking/AGE inhibiting 
and free-radical scavenging activities, the latter activity of 
these compounds can be used in strategies directed at control 
of oxidative stress for effective management of conditions 
discussed beloW: 

[0087] Neuro-Degenerative Disorders such as Alzhe 
imer’s Disease (A.D.), Parkinson’s Disease (P. D.), Hun 
tington’s Disease (H.D.), Motor Neuron Disease (M.N.D), 
Prion Disease 

[0088] As people age, their antioxidant levels diminish 
and these loW levels are directly linked to the many diseases 
associated With aging such as AlZheimer’s and Parkinson’s 
disease. One of the leading hypotheses is that oxidative 
stress induced by Relative Oxygen Species (ROS) damages 
essential components of the neurons, resulting ultimately in 
the neuronal death. Oxidative stress is involved in various 
divergent events leading to neuronal damage, including an 
increase in membrane rigidity, DNA strand break, and 
impairment in glucose uptake. Several potential sources of 
oxidative stress in different neurodegenerative disorders 
have been Well identi?ed [Munch G, et al. 1998]. 

[0089] In A.D. mitochondrial dysfunction, amyloid beta 
mediated processes; transition metal accumulation and 
genetic factors are responsible for the redox imbalance 
[Smith M A, et al 2000]. 

[0090] Point mutations in Superoxide Dismutase enZymes 
are knoWn in the familial form of MND. 

[0091] Disturbances of neuronal energy metabolism have 
been implicated as a pathogenetic mechanism for H.D. 
[BroWne S E, et al. 1999] 

[0092] Diabetes and Diabetic Vascular Complications 
(DVCs) 
[0093] The cause of oxidative stress in diabetes is not yet 
fully understood but is thought to be due to mitochondrial 
dysfunction, direct enZyme inhibition by hyperglycemia, 
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auto-oxidation of glucose, and activation of nicotinamide 
adenine dinucleotide phosphate (NADPH)-oxidase. Oxida 
tive stress in diabetes is also increased due to Weakened 
defenses due to reduced endogenous antioxidants. The oxi 
dative stress manifests itself as elevated concentrations of 
lipid peroxidation products, erythrocyte fragility, and 
decreases in the antioxidant enzyme systems (CAT, GSH Px, 
SOD). Recent studies also have shoWn a positive correlation 
betWeen blood glucose concentration and oxidant-induced 
lymphocyte DNA damage J. Harper The 24th Annual 
WALTHAM®/OSU SYMPOSIUM] 

[0094] ROS are generated during glucose oxidation and 
formation of advanced glycosylation end products (AGE). 
Evidence has accumulated indicating that the generation of 
ROS plays an important role in the development of DVCs. 
Many biochemical pathWays associated With hyperglycemia 
such as advanced glycosylation, glucose auto oxidation, and 
polyol pathWay can increase the production of free radicals. 
Hyperglycemia in diabetic patients leads to excess auto 
oxidation of glucose thereby reducing molecular oxygen and 
yielding oxidiZing intermediates such as superoxide ions 
(0;), hydroxyl radicals (.OH), and hydrogen peroxide 
(H2O2). Free radicals accelerate the formation of advanced 
glycosylation end products (AGE), because fragmentation 
and conformational changes occurring during glycosylation 
and glucose oxidation have been shoWn to be dependent 
upon free radicals. AGEs in turn supply more free radicals; 
this process is termed as oxidative glycosylation or glycoxi 
dation. These free radicals impair vascular relaxation by 
inactivating or quenching nitric oxide (NO) and also 
adversely affect the endothelial function. Evidence also 
suggests that Maillard reaction acts as an ampli?er of 
oxidative damage in aging and diabetes [D. Guigliano et al, 
1996]. 

Intestinal Diseases 

[0095] Oxidative stress is an important cause of tissue 
injury that occurs in in?ammation and ischemia. Intestinal 
ischemia, radiation enteritis, in?ammatory boWel disease, 
and promotion of gastric and colorectal cancers are some of 
the gastro-intestinal conditions Where oxidative stress is 
implicated in the pathogenesis. 

Liver Diseases 

[0096] Alcoholic liver diseaseiEthanol induces an 
increase in lipid peroxidation either by enhancing ROS or 
decreasing the level of endogenous antioxidants. Ethanol 
also induces variety of cytochrome P450 enZymes in 
microsomes and xanthine oxidases in cytosol. The role of 
these enZymes in the generation of oxidative stress has been 
Well established in various studies [Ishii H, et al. 1997]. 

[0097] Chronic hepatitis Ci Enhanced oxidative stress 
initiates a ?brogenesis cascade in the liver of patients With 
chronic hepatitis C. Evidences are coming up supporting an 
oxidative stress pathWay leading to active ?brogenesis in 
chronic hepatitis C. This ?brogenesis cascade characteristic 
of severe chronic hepatitis C (e.g., oxidative stress, induc 
tion of c-myb, activation of stellate cells, and collagen gene 
expression) is stimulated by ROS. 

Cancers 

[0098] Oxidative damage to DNA is a result of interaction 
of DNA With ROS, in particular the hydroxyl radical. The 
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hydroxyl radicals produce multiple modi?cations in DNA. 
Oxidative attack by OH radical on the deoxyribose moiety 
leads to the release of free bases from DNA, generating 
strand breaks With various sugar modi?cations and simple 
abasic (AP) sites. 

[0099] ROS also interact With and modify cellular protein, 
lipid, and DNA, Which results in altered target cell function. 
The accumulation of oxidative damage has been implicated 
in both acute and chronic cell injury including possible 
participation in the formation of cancer. Acute oxidative 
injury may produce selective cell death and a compensatory 
increase in cell proliferation. This stimulus may result in the 
formation of neWly initiated preneoplastic cells and/or 
enhance the selective clonal expansion of latent initiated 
preneoplastic cells. Similarly, sublethal acute oxidative 
injury may produce unrepaired DNA damage and result in 
the formation of neW mutations and, potentially, neW initi 
ated cells. ROS, therefore, can have multiple effects in the 
initiation stage of carcinogenesis by mediating carcinogen 
activation, causing DNA damage, and interfering With the 
repair of the DNA damage. 

[0100] Bene?ts of various antioxidants in preventing or 
treating folloWing cancers have been extensively studied. 

1) Lung cancer 

2) Colorectal cancer 

3) Cervical cancer 

4) Breast cancer 

5) Malignant melanoma 

Oxidative Stress in Cardiac Diseases 

[0101] Lifelong high levels of antioxidant nutrients are 
supposed to protect against the development of heart dis 
ease. High doses of antioxidants in the month folloWing an 
acute heart attack have been shoWn to signi?cantly reduce 
the number of deaths, as Well as the extent of cardiac damage 
in non-fatal cases. 

[0102] It is currently thought that increase in oxidative 
stress is involved in the pathophysiology of endothelial 
dysfunction that accompanies a number of cardiovascular 
risk factors including hypercholesterolemia, hypertension 
and cigarette smoking. It also plays a pivotal role in the 
evolution of clinical conditions such as atherosclerosis and 
heart failure. Oxidative stress can activate redox-sensitive 
kinase cascades and transcription factors such as NFKB and 
AP-l, With resulting increases in the expression of factors 
associated With an in?ammatory response and cellular pro 
liferation. There are three enZyme systems producing reac 
tive oxygen species in the vascular Wall: NADH/NADPH 
oxidase, xanthine oxidoreductase, and endothelial nitric 
oxide synthase (Zalba G. et. al, 2000, Rosenfeld M E, 1998). 

[0103] Atherogenesis is regarded as the outcome of inter 
actions among multiple stimuli. Endothelial dysfunction 
plays a key role in the development of atherosclerosis. 
Elevated homocysteine concentrations are associated With 
rapid onset of endothelial dysfunction, Which is another 
mechanism by Which increased oxidative stress contributes 
to atherosclerosis. Oxidation of loW-density lipoprotein 
plays an important role at several steps in atherogenesis. 
Oxidative stress also activates NFKB, Which induces expres 
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sion of genes controlling cytokine expression and leukocyte 
adhesion to vascular Wall. (Maxwell, et al. 1997). 

[0104] Animal studies have provided evidence by suggest 
ing that free radicals may promote thrombosis, directly 
damage vascular cells and other tissues, and interfere With 
vasomotor regulation With the clinical sequelae of myocar 
dial infarction and ischemic stroke. 

[0105] In tissues Where oxygen supply becomes used up 
folloWing ischemia, as in myocardial ischemia, the enZyme 
xanthine oxidase is changed to a form that has potential to 
reduce oxygen to superoxides. On readmission of oxygen 
eg by reperfusion there is a burst of free radical generation. 
ROS are formed at an accelerated rate in post-ischemic 
myocardium. Thus biochemical damage due to free radicals 
contributes to the ischemic injury. 

[0106] Oxidative stress also seems to be one of the mecha 
nisms that may produce membrane defects and result in 
intracellular calcium overload, and cardiac contractile dys 
function in the stunned myocardium. 

Macular Degeneration and Cataract 

[0107] Oxidative damage to lens of the eye With increase 
in age has a major contribution in cataract formation. 
Macular degeneration is also being recogniZed as a conse 
quence of oxidative damage. 

HIV Disease 

[0108] Perturbation of anti-oxidant defense system has 
been observed in various tissues in HIV patients. Oxidative 
stress may contribute to several aspects of HIV disease 
pathogenesis such as viral replication, in?ammatory 
response, and decreased immune cell proliferation, loss of 
immune function, apoptosis, chronic Weight loss. Antioxi 
dants may offer a promising treatment to HIV patients. 

Chronic Obstructive Pulmonary Diseases (COPD) 

[0109] Alteration in the alveolar and lung metabolism of 
glutathione is Widely recognized as a central feature of many 
in?ammatory lung diseases including COPD. These changes 
are a result of the alteration in the gene expression of the 
gamma-glutamyl cystine synthase (Gamma-GCS), the rate 
limiting enZyme in glutathione synthesis. Oxidative stress is 
implicated in the pathogenesis of COPD, since it results in 
inactivation of anti proteinases, airspace epithelial injury, 
mucus hypersecretion, increased in?ux of neutrophils into 
the lungs, transcription factor activation and gene expression 
of pro-in?ammatory mediators [MacNee W, et al. 2001]. 

Renal Disease 

[0110] ROS have been implicated not only in the genesis 
of different forms of renal disease, predominantly experi 
mentally induced glomerulonephritis, but also in different 
forms of acute renal failure. 

Asthma 

[0111] Although the pathogenesis of asthma is not fully 
de?ned, a typical feature is an increase in the number of 
in?ammatory cells in the lung. Such cells generate ROS, 
Which are involved in the pathophysiology of asthma, 
including airWay smooth muscle contraction, increased air 
Way reactivity, and increased vascular permeability. 
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Effect of Antioxidant Status on Immunologic 
Function 

[0112] The immune system is particularly sensitive to 
oxidative stress, primarily because immune cells rely 
heavily on cell-to-cell communication to Work effectively. 
Peroxidation of cell membranes compromises membrane 
integrity and disrupts intracellular signaling. 

Cataract 

[0113] Oxidative damage to lens of eye With increase in 
age has been a major contribution in cataract formation. 

[0114] Thus, by scavenging the free radicals, the folloWing 
diseases can be managed. 

[0115] 
[0116] 
[0117] 
[0118] 
[0119] 
[0120] 

[0121] 2) Diabetes and Diabetic Vascular Complications 

[0122] 3) Intestinal Diseases 

[0123] (a) Intestinal Ischemia 

[0124] (b) Radiation Enteritis 

[0125] (c) In?ammatory BoWel Disease 

[0126] (d) Gastric and Colorectal Cancers 

[0127] 4) Liver Diseases 

[0128] (a) Alcoholic Liver Disease 

[0129] (b) Chronic Hepatitis C 

[0130] 5) Cancers 

[0131] 
[0132] 
[0133] 
[0134] 
[0135] 

[0136] 6) Cardiac Diseases 

[0137] (a) Atherosclerosis 

[0138] (b) Myocardial Infarction 

[0139] (c) Ischemic Stroke 

[0140] (d) Endothelial dysfunction 
[0141] 7) Opthalmic Disorders 

[0142] (a) Cataract formation 

[0143] (b) Macular degeneration 
[0144] 8) HIV Disease 

[0145] 9) Respiratory Diseases 
[0146] (a) Chronic Obstructive Pulmonary Diseases 
(COPD) 

[0147] (b) Asthma 

1) Neurodegenerative disorders 

(a) AlZheimer’s Disease 

(b) Parkinson’s Disease 

(c) Huntington’s Disease 

(d) Motor Neuron Disease 

(e) Prion Disease 

(a) Lung Cancer 

(b) Colorectal Cancer 

(c) Cervical Cancer 

(d) Breast Cancer 

(e) Malignant Melanoma 
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[0148] 
[0149] (a) Glomerulonephritis 

10) Renal Diseases 

[0150] (b) Acute Renal failure 

SUMMARY OF THE INVENTION 

[0151] The ?rst objective of the present invention is to 
provide a neW class of ?ve membered heterocyclic ring 
compounds Which are useful for the management of diabetes 
and aging related vascular complications and particularly in 
the treatment of complications of diabetes mellitus and other 
aging related conditions such as vascular and neurovascular 
complications including kidney disease, nerve damage, ath 
erosclerosis, retinopathy, in?ammatory disorders, immuno 
logical disorders, oxidative stress and dermatological & 
cosmetic indications. The invention also extends the method 
to reverse the discoloration of teeth resulting from nonen 
Zymatic broWning in the oral cavity Which comprises admin 
istration of an amount effective to reverse the pre-formed 
advanced glycosylation crosslinks. 

[0152] The second object of the present invention is to 
provide compounds of ?ve membered heterocyclic ring 
compounds, Which exhibit AGE breaking and inhibiting 
activities. 

[0153] The third object of the present invention is to 
provide a method of preparation of compounds of ?ve 
membered heterocyclic ring compounds, Which exhibit AGE 
breaking and inhibiting activities. 

[0154] The fourth object of the invention is to provide 
pharmaceutical compositions With a neW class of com 
pounds of ?ve membered heterocyclic ring compounds, 
according to the invention and their pharmaceutically 
acceptable salts in combination With suitable carriers, sol 
vents, excepients, diluents and other media normally 
employed in preparing such compositions. 

[0155] The ?fth object of the invention is to provide a 
method of treatment of a diabetic patient by administration 
of the compounds of the invention, either singly or in 
combination With drugs for anti-diabetic therapy, or phar 
maceutically acceptable salts thereof in required dosage in 
admixture With pharmaceutically acceptable diluent, sol 
vent, excepients, carriers or other media as may be appro 
priate for the purpose. 

[0156] The sixth object of the invention is to provide a 
neW class of compounds having a) free radical scavenger 
activity b) AGE breaker activity and c) AGE inhibitor 
activity in the same molecule. 

[0157] The seventh object of the invention is to provide a 
cosmetic composition comprising these compounds as 
active ingredients. 

[0158] The eighth object of the invention is to provide a 
process for making the cosmetic composition. 

[0159] The ninth object of the invention is to provide a 
method for cosmetic application by applying the cosmetic 
composition of the invention. 

[0160] The tenth object of the invention is to provide a 
pharmaceutical composition useful for scavenging free 
radicals from the body cells. 
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[0161] The eleventh object of the invention is to provide 
a method for scavenging free radicals from the body cells of 
a mammal. 

[0162] The tWelfth object of the invention is to provide a 
method of treatment of diseases caused by accumulation of 
free radicals in the body cells of a mammal. 

[0163] The thirteenth object of the invention is to provide 
a method for inhibiting AGE and also a composition for 
inhibiting AGE in a mammal. 

[0164] Another object of the invention is to provide a 
dialysis ?uid useful for peritoneal dialysis of a diabetic 
patient. 

[0165] The invention also provides for a method of cos 
metic treatment by applying the composition as above. The 
invention further provides a pharmaceutical composition 
useful for scavenging free radicals from the body cells of a 
mammal comprising the compound as de?ned above or its 
pharmaceutically acceptable salts in admixture With a phar 
maceutically acceptable carrier, diluent excipient or solvent. 

[0166] The invention further provides a method of scav 
enging free radicals from the body cells of a mammal by 
administering the pharmaceutical composition as mentioned 
above or a method of treatment of diseases caused by 
accumulation of free radicals by administering the said 
composition. 

[0167] The invention in addition provides a method for 
inhibiting AGE and a composition for inhibiting AGE by use 
of the compounds of invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0168] The present invention provides a neW class of 
AGE-breakers of formula I 

(I) 

wherein 

R1 is alkyl or aryl group; 

Y is selected from the group consisting of sulfur, oxygen, 
nitrogen or alkyl; 

A and B are independently selected from nitrogen, sulfur, 
oxygen or carbon to form heteroaromatic ring system; 

R2, R3 and R4 are independently selected from the group 
consisting of F, Cl, Br, I, OR7, NO2, alkyl, aryl including 
heteroaryl, formyl, acyl, C(O)NR6R7, C(O)OR6, NR6R7, 
N%(R6)(R7), SR6, SO2NH2, SO2 alkyl, SO2aryl; R2, R3 
and R4 might be optionally joined together to form a ring 
system; 
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If quatemiZed, R5 is independently selected for the group 
consisting of alkyl or aryl; if not quatemiZed, R5 is null, and 
X is null; 

R6 is independently selected from the group consisting of H, 
alkyl and aryl including heteroaryl provided R6 might be 
different for R2, R3 and R4 in the same compound; 

R7 is independently selected from the group consisting of H, 
alkyl and aryl including heteroaryl and in each case option 
ally dilferent from substituent R6, provided R7 might be 
different for R2, R3 and R4 in the same compound; 

If quatemiZed, X is selected from group consisting of a 
halide ion, acetate ion, perchlorate ion, sulfonate ion, oxalate 
ion, citrate ion, tosylate ion, maleate ion, mesylate ion, 
carbonate ion, sul?te ion, phosphoric hydrogen ion, phos 
phonate ion, phosphate ion, B134“ and PF6 
With proviso that When tWo alkyl groups are present on the 
same carbon or nitrogen, they are optionally linked together 
to form a cyclic structure. 

[0169] As used herein, “alkyl” refers to an optionally 
substituted hydrocarbon group joined by single carbon 
carbon bonds and having 1 to 8 carbon atoms joined 
together. The alkyl hydrocarbon group may be linear, 
branched or cyclic, saturated or unsaturated. The substitu 
ents are selected from F, Cl, Br, I, N, S, O and aryl. 
Preferably, no more than three substituents are present. 

[0170] As used herein “aryl” refers to an optionally sub 
stituted aromatic group With at least one ring having a 
conjugated pi-electron system, containing up to tWo conju 
gated or fused ring systems. Aryl includes carbocyclic aryl, 
heterocyclic aryl and biaryl groups, all of Which may be 
optionally substituted. The substituents are selected from F, 
Cl, Br, I, N, S, O and straight chain or branched Cl-C6 
hydrocarbon. 
[0171] In a preferred embodiment the invention provides 
a neW class of AGE breaker, AGE inhibitor and free radical 
scavengers of formula (I) and their pharmaceutically or 
cosmetically acceptable salts 

(I) 

wherein, 
R1 is hydrogen or selected from linear or branched (Cl-C12) 
alkyl, (CZ-C12) alkenyl, (C3-C7) cycloalkyl, (C5-C7) 
cycloalkenyl, bicycloalkyl, bicycloalkenyl, heterocy 
cloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl and Wherein 
one or more heteroatoms When present are independently 

selected from O, N, or S and is optionally substituted, 
Wherein the substituents are selected from a ?rst group 
consisting of halogen, hydroxy, nitro, cyano, amino, oxo and 
oxime or from a second group consisting of linear or 
branched (C l-Cs) alkyl, (C3-C7) cycloalkyl, alkylcycloalkyl, 
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perhaloalkyl, perhalocycloalkyl, aryl, aralkyl, alkylaryl, 
alkylheteroaryl, aralkoxylalkyl, perhaloaryl, alkylheterocy 
cloalkyl, heterocyclyloalkyl, perhaloheterocyclyloalkyl, 
heteroaryl, heteroaralkyl, alkylaryl, perhaloheteroaryl, acyl, 
alkoxyalkyl, thioalkyl and thioaryl, Wherein the sub stitutents 
from said second group are optionally substituted by R10 and 
are optionally and independently bridged by i(CO)Oi, 
i(CO)NHi, iNHi, iNRSi, iOi, iSi, 
i(SO)i, i(SO2), i(SO2)NHi, or iNH(CO)i; 
Y is selected from the group consisting of null, (Cl-C12) 
alkyl-Z or (CZ-C12) alkyl, Wherein Z is selected from sulfur, 
oxygen or nitrogen; 

A and B are independently selected from NH, NR6, sulfur, 
oxygen or carbon to form a heteroaromatic ring system; 

R2, R3 and R4 are independently selected from a ?rst group 
consisting of hydrogen, halogen, N02, N=C(R8)(R9), 
iNRsRg, iORS, perhaloalkyl, i(CO)NR8R9, i(CO)R8, 
i(CO)OR8, iO(CO)R8, iNH(CO)R8 or from a second 
group consisting of linear or branched (Cl-Cl2)alkyl, (C2 
Cl2)alkenyl, (C3-C7)cycloalkyl, (C5-C7)cycloalkenyl, 
bicycloalkyl, bicycloalkenyl, heterocycloalkyl, aryl, aralkyl, 
heteroaryl, heteroaralkyl, Wherein one or more members of 
said second group When present are optionally substituted by 
R10 and Wherein one or more heteroatoms When present are 
independently selected from O, N, or S; 

R5 is null or selected from the group consisting of linear or 
branched (C 1 -Cl 2)alkyl, (C2-C 1 2)alkenyl, (C3 - 
C7)cycloalkyl, (C5-C7)cycloalkenyl, bicycloalkyl; 
CH2(CO)R7, CH2(CO)NHR8, CH2(CO)NR8R9, and 
CH2(CO)OR7 Which are optionally substituted by R10; 
R6 and R7 are independently selected from the group con 
sisting of linear or branched (Cl-C8) alkyl, (C3 
C7)cycloalkyl, alkylcycloalkyl, perhaloalkyl, perhalocy 
cloalkyl, aryl, aralkyl, alkylaryl, alkylheteroaryl, 
aralkoxylalkyl, perhaloaryl, alkylheterocycloalkyl, hetero 
cyclyloalkyl, perhaloheterocyclyloalkyl, heteroaryl, het 
eroaralkyl, alkylaryl, perhaloheteroaryl, acyl, benZoyl, 
alkoxyalkyl, thioalkyl and thioaryl Wherein members of said 
group are optionally substituted by R10; 

R8 and R9 are independently selected from the group con 
sisting of linear or branched (Cl-C12)alkyl, alkoxyaryl, 
alkoxyalkyl, alkoxycycloalkyl, alkoxyaryl, perhaloalkyl, 
(C2-C12)alkenyl, (C3-C7)cycloalkyl, perhalocycloalkyl, 
haloheterocycloalkyl, cyanoheterocycloalkyl, perhalohet 
erocycloalkyl, (C5-C7)cycloalkenyl, bicycloalkyl, bicy 
cloalkenyl, heterocycloalkyl, aryl, aralkyl, heteroaryl, het 
eroaralkyl, perhaloaryl, perhaloheteroaryl Wherein 
substituents of said group are optionally substituted by R10; 

R10 is selected from halogen, hydroxy, nitro, cyano, amino, 
oxo, perhaloalkyl(Cl-C6), or oxime; 

X is selected from group comprising of a halide ion, acetate 
ion, perchlorate ion, sulfonate ion, oxalate ion, citrate ion, 
tosylate ion, maleate ion, mesylate ion, carbonate ion, sul?te 
ion, phosphoric hydrogen ion, phosphonate ion, phosphate 
ion, B134“ and P136“ 
provided When the groups/substituents are present on same 
or adjacent carbon or nitrogen atoms they together may 
optionally form a ?ve or a six or a seven membered ring 
optionally containing one or more double bonds and option 
ally containing one or more heteroatoms selected from O, N, 
or S. 
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TABLE l-continued 

14 
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Comp. 
No R1 R2 R3 R4 R5 A Y X 

52 H H H H iCH2iC(O)-2- NH N ‘CH2 iBr 
naphthyl 

53 Phenyl H H H 4CH24C(O)iNH- NH N ‘CH2 %1 
(3,4-ethylenedioxy 

phenyl) 
54 Phenyl H 5-Br H 4CH2C(O)-2- NH N Null %1 

thienyl 
55 Phenyl H Benzene 4CH2C(O)-2— NH N Null 4C1 

ring fused thienyl 
at 5,6 

position 
56 Phenyl H Benzene null NH N Null 4C1 

ring fused 
at 5,6 

position 

*Isolated in the form of HCl salt. 

[0232] pyridines With alkyl/aryl esters in the presence of a suitable 
base. Further, it is cyclized by various synthetic methods. If 
required, quartemization can be done With appropriate 

Snucmre(a) reagent by re?uxing in alcoholic solvents like, methanol, 
ethanol, propanol, etc and high boiling solvents like toluene, 

\ Xylene or DMF for 6-48 hrs. to give the desired compounds. 

I 0235 The exam les of substituted ridine derivatives +/ P Py 
N \ Which can be used for preparation of speci?c compounds of 

Br' I the invention are given beloW: 
S 

[0236] l. N,N'-bis(nicotinyl)hydrazine 

O Stmcmre (b) [0237] 2. 3-[(2-pyridyl)hydrazinocarbonyl]pyridine 

I 0238 3. 3- 2-methanesulfon lh drazinocarbon l ri y y y Py 
H3C N\ dine 

N 

\ / 0239 4. 3- 2-benzo lox eth laminocarbon l ridine y y y y Py 

CH3 [0240] 5. 3-[(2-phenylsulfonyl)hydrazinocarbonyl]pyri 
Structure (0) dlne 

I \ [0241] 6. 3-[(2-acetoxy)ethyloxycarbonyl]pyridine 

{1/ \ [0242] 7. 3-[(2-benzoyloxy)ethyloxycarbonyl]pyridine 
Br' I 0243 8. 3- 2-methox eth lox carbon 1 ridine y y y y Py 

S 
[0244] 9. 3-[(2-phenylaminocarbonyl)hydrazinocarbonyl] 

0 pyridine 

[0245] 10. 3-[(2-acetoxy)ethylaminocarbonyl]pyridine 
[0233] According to the embodiment of the present inven- _ 
tion, the present compounds are used for the treatment of [0246] 11' 3'[(2'(4'methylphenyl sulfonylhydrazmocar' 
diabetic complications, and aging related vascular and neu 
rovascular complications including kidney disease, nerve 
damage, atherosclerosis, retinopathy, in?amatory disorders, 
immunological disorders, oxidative stress, dermatological & 
cosmetic indications and colouration of teeth occurring due 
to the higher levels of preformed AGE. The increased levels 
of preformed AGE can be brought under control by break 
ing/inhibiting the AGE products using compounds men 
tioned in the invention. 

[0234] The novel compounds of the invention of general 
formula I can be synthesized. One Way to prepare the 
compounds is by reacting ot-substituted/unsubstituted acetyl 

bonyl))]pyridine 

[0247] 
[0248] 13. 3-[(2-phenylmethane sulfonyl)hydrazino car 

bonyl]pyridine 

[0249] 14. 3-[(2-(3-cyclohexylpropanoyl)hydrazino car 
bonyl]pyridine 

[0250] 
[0251] 16. 3 -[ l -oxo- l -(2 -methoxycarbonyl)pyridyl]hy 

drazino pyridine 

l2. 3-[(2-benzoyl)-hydrazino carbonyl]pyridine 

l 5 . 3 -[(2 -methoxy)ethylaminocarb onyl]pyridine 
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[0252] The examples of quaterniZing agents, Which may 
be used in the reaction, are given below: 

[0253] 1. 2-bromoacetyl thiophene 

[0254] 2. 2-chloroacetyl thiopene 

[0255] 3. phenacylbromide 

[0256] 4. phenacylchloride 

[0257] 5. 2,4-dichloropheanacylbromide 

[0258] 6. N-phenyl chloroacetamide 

[0259] 7. N-cyclopropyl chloroacetamide 

[0260] 8. ethylbromoacetate 

[0261] 9. bromo acetylfuran 

[0262] 10. N-isopropylchloroacetamide 

[0263] 11. N-chloroacetyl—2-pyrrolidinone 

[0264] 12. chloroacetic acid 

In-V1tro Screening for AGE-Breaking Activity 

EXAMPLE 1A 

[0265] The in vitro AGE formation, studied in the labo 
ratory, by incubating reducing sugar glucose, With protein 
bovine serum albumin, resulted in broWning of solution and 
increase in the ?uorescence. Fluorescence Was used as the 
criteria to monitor the increased AGE formation. 

Materials: 

Bovine serum albumin (fraction V) (BSA) 

Glucose, analytical grade 

Phosphate buffered saline (PBS) 

Equipment: 

Microplate ELISA ReaderiSpectramaX Plus (Molecular 
Devices, USA) 

Microplate Washer, (Bio-Tec Instruments, USA) 
pH meter 

Methods of experiment: Elisa (Enzyme Linked Immunosor 
bent Assay) 

[0266] 160 mg/ml of protein, bovine serum albumin, BSA 
and 1.6M glucose sugar Were dissolved in phosphate bulf 
ered saline, PBS. Sodium aZide Was added at 0.02% con 
centration as a preservative. The solution Was ?ltered ascep 
tically through a 0.22 uM ?lter and kept for aging at 37° C. 
for 16 Weeks. After 16 Weeks the solution Was dialyZed 
against PBS, aliquoted and stored at —20° C. 

[0267] To determine the AGE breaking activity, 10 ug/ml 
of the 16 Weeks AGE-BSA Was incubated With different 
concentrations of the test compounds at 37° C. for 24 hours 
and AGE breaking activity of the test compounds by ELISA 
Was determined. 

ELISA Was performed as folloWs: 

1. Different concentrations of 16 Weeks AGE-BSA Were 
coated on a microtitre plate as standard. Each concentration 
is coated in triplicates. 
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2. The test samples Were coated on microtitre plate at a 
concentration of 5 ng. to 20 ng per Well in triplicates. 

3. The plate Was incubated at 37° C. for one hour. 

4. After incubation the plate Was Washed With PBST (PBS 
With 0.05% TWeen 20). 

5. Blocking With 5% skimmed milk in PBS at 37° C. for one 
hour Was done. 

6. The plate Was Washed With PBST. 

7. Primary antibody against AGE-BSA Was added and the 
plate is incubated at 37° C. for one hour. 

8. The plate Was Washed With PBST. 

9. Secondary antibody anti rabbit HRPO (Horse-Radish Per 
Oxidase) conjugate Was added and the plate is incubated at 
37° C. for one hour. 

10. The plate Was Washed With PBST. 

11. Colour development With OPD (orthophenylenediamine 
dihydrochloride) and hydrogen peroxide Was done. 

12. OD (optical density) at (450 nm reading-620 nm read 
ing) Was measured after incubation at 37° C. for 15 minutes 
With Microplate ELISA Reader. 

[0268] The breaker activity of the compounds Were deter 
mined by the folloWing formula: 

%Breaker activity: 0D4S0 GZOCOmrOl 

[0269] OD45O_62OControl=Absorbance of 20 ng AGE-BSA 
after incubation at 37° C. for 24 hours Without test com 
pound. 
[0270] OD45O_62OTest=Absorbance of 20 ng AGE-BSA 
after incubation at 37° C. for 24 hours With required con 
centration of test compound. 

EXAMPLE 1B 

Gel Permeation Chromatography Based Method 

[0271] Gel Permeation Chromatography based method 
Was used to determine AGE breaking activities of the 
compounds. 
Principle: 
[0272] Separation by Gel Permeation Chromatography 
(GPC) depends on differences in the siZe, more precisely the 
hydrodynamic volume, of the proteins in a sample. The 
larger molecules do not enter the pores of the column 
particles and elute in void volume of the column (V0). The 
pores of a column particle are differentially accessible to 
smaller particles, depending on their siZe. This volume of the 
column is called (V i). The total accessible volume (V t) is the 
sum of the volume outside the particles (V0) and the volume 
accessible inside the particles (Vi): 

Vt=VO+Vi 
[0273] Therefore, in a typical Gel Permeation Chromatog 
raphy (GPC) run, high molecular Weight molecules elute at 
a loWer retention time Whereas loWer molecular Weight 
molecules are retained for longer time. For the purpose of 
quanti?cation, the area under the curve for the respective 
molecule is recorded. The same principle has been applied 
in the in vitro screening of the molecules of instant inven 
tion. Highly cross-linked Advanced Glycosylated Endprod 
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ucts (AGE) Were prepared in vitro by incubating Bovine 
Serum Albumin (BSA) With glucose for a period of 16 
Weeks. The molecular Weight of BSA and AGE-BSA differs 
signi?cantly on a GPC column and hence, there is a very 
good resolution betWeen the tWo. The reduction in the area 
of AGE-BSA incubated in the presence of AGE breaker as 
compared to that of control AGE BSA (incubated in absence 
of AGE breaker) gives an estimate of the AGE breaker 
activity of the drug. In order to check the non-speci?c 
activity of the molecule, a similar experiment Was repeated 
With BSA as Well. 

Methodology: 
[0274] A knoWn concentration of 16-Week AGE-BSA Was 
incubated With and Without a predetermined concentration 
of the drug at 37° C. for 24 hours in clean transparent glass 
test tubes. The solution Without drug served as the control 
and the solution containing the drug Was treated as the test 
sample. 

[0275] Gel permeation chromatography Was performed on 
equal volumes of control AGE-BSA preparation and solu 
tion of AGE-BSA treated With drug. Average areas of the 
tWo chromatograms Were calculated. 

[0276] TWo major peaks Were observed in the chromato 
gram of the control and treated AGE-BSA samples: 

Peak I=High molecular Weight peak 

Peak II=LoW molecular Weight peak 

Peak I+Peak II=Total AGE-BSA 

[0277] Calculations: 

% Breakage in Peak I = 

(Average area of Peak I in treated sample) 
100 X 100 

(Average area of Peak I in control sample) 

% Breakage in Peak 11 = 

(Average area of Peak 11 in treated sample) 
100 X100 

_ (Average area of Peak 11 in control sample) 

% Breakage Total = 

(Average area of peak I+Pea.k II in treated sample) 
100 X 100 

(Average area of peak I+ Peak 11 in control sample) 

[0278] Using representative compounds, the % AGE 
breaking activity Was calculated and results recorded in 
Table 2 given beloW: 

TABLE 2 

Sample Concentration 
(Compound No.) (mM) % Breakage 

Compound 7 1.0 51.72 
Compound 8 5 85.31 
Compound 11 5.0 76.84 
Compound 12 10 89.23 
Compound 13 10 81.05 
Compound 14 10 58.14 
Compound 15 10 80.03 
Compound 16 10 95.51 
Compound 17 10 52.27 
Compound 18 5.0 52.97 
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TABLE 2-continued 

Sample Concentration 
(Compound No.) (mM) % Breakage 

Compound 19 10 91.22 
Compound 21 10 93.43 
Compound 22 10 100.00 
Compound 23 10 53.29 
Compound 24 10 97.72 
Compound 25 5 98.59 
Compound 26 10 42.37 
Compound 27 10 86.98 
Compound 31 10 45.72 
Compound 34 10 100.0 
Compound 35 10 66.66 
Compound 37 10 85.45 
Compound 40 10 66.06 

[0279] Thus, compounds 7, 8, 11-19, 21-25, 27, 34, 35, 37 
and 40 exhibits very good AGE breaking activity, of Which 
the potency of compounds 8, 11-13, 15, 16, 19, 21, 22, 24, 
25, 27, 34 and 37 are signi?cantly of high order. 

AGE Inhibiting Activity of the Compounds 

[0280] Further in vieW of the ability of the compounds of 
the instant invention to prevent the onset of AGE formation 
by the inhibitory action noW discovered, development of 
pathology condition caused by AGE could be prevented or 
reduced. The dual activities of the compounds as AGE 
breaker and also as AGE inhibitor make them even more 
useful for the disease related to aging and diabetic compli 
cations, kidney diseases, nerve damage, retinopathy, neur 
opathy, endothelial dysfunction, atherosclerosis, micro angi 
opathy, broWning that occurs in the oral cavity like broWning 
of tooth, alZheimer, artirial compliance and distensibility, 
restenosis, abnormal tissue hindrance in peritoneal dialysis, 
erectile dysfunction and other dysfunction Wherein the load 
of AGE on the cell is very crucial. In fact a triple action of 
the compounds (a) AGE breaker (b) AGE inhibitor (c) Free 
radical scavenger can be effectively utiliZed for reversal of 
prevention of several pathological conditions as Well as 
reversal and prevention of cosmetic aspects of aging. 

EXAMPLE 1C 

Test for AGE Inhibiting Activity. 

[0281] The folloWing method Was used to determine the 
inhibitory effect of the test compounds 

[0282] The folloWing method Was used to determine the 
inhibitory effect of the test compounds on Maillard reaction 
in-vitro. This method is adopted from US. Pat. No. 5,514, 
676 and European Patent No. 0 339 496 A2. 

[0283] A solution of Bovine Serum Albumin (BSA), 
ribose and test compound Was prepared in Phosphate Buffer 
Saline (PBS, pH 7.4) so as to have ?nal concentration of 
BSA and ribose at 10 mg/ml and 500 mM respectively. 
Addition of compound Was done in aseptic conditions. 
Sodium aZide (0.02%) Was also added in this solution in 
order to prevent microbial groWth. A separate tube contain 
ing BSA, ribose and sodium aZide in the same concentration 
and buffer as above, but Without any test compound, Was 
also incubated as positive control. After incubation at 37° C. 
for 7 days, 40 micro litre sample from each tube Was 
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removed and diluted With PBS to have ?nal concentration of 
BSA at 1 mg/ml. The ?uorescence of all the samples Was 
measured at Excitation Maximum of 355 nM and the 
Emission Maximum of 460 nM using f-MAX Fluorimeter 
(Molecular Device, USA). In order to study the effect of test 
compound on ?uorescence, freshly prepared compound 
solution Was mixed With previously incubated positive con 
trol (i.e. BSA+ribose), so as to achieve same concentration 
of all the components as that of test samples. 

[0284] The percent inhibition of test compound Was mea 
sured as folloWs: 

% Inhibition: F4 X 100 

[0285] Where F3=Fluorescence of BSA+ribose+com 
pound, F4 is ?uorescence of incubated (BSA+ribose)+ 
freshly added test compound. 

[0286] The representative compounds of general formula 
(I) have been tested for the activity as AGE inhibitor and the 
results recorded in Table 3 given beloW: 

TABLE 3 

% Inhibition 
Compound No. Concentration (Day 7) 

Compound 6 10 mM 66 
Compound 10 2.5 mM 75 
Compound 11 1.25 mM 32.9 
Compound 13 10 mM 57 
Compound 17 2.5 mM 57.43 
Compound 18 5 mM 79 
Compound 19 5 mM 64.23 
Compound 22 2.5 mM 51 
Compound 24 5 mM 82.5 
Compound 26 5 mM 61.45 
Compound 29 5 mM 55.22 
Compound 34 5 mM 60 
Compound 35 10 mM 73 8 

AGE Breakers: 

[0287] As shoWn in Table 2, the compounds of the present 
invention are useful for breaking AGE. Hence, the com 
pounds of the present invention can be used as a medicament 
in the treatment of diabetic complications and aging-related 
diseases, caused by accumulation of AGE. Also, these 
compounds can inhibit accumulation of AGE by breaking 
AGE, they can be used as a medicament for controlling and 
reducing the aggravation of disease conditions such as 
diabetes and aging related complications caused by accu 
mulation of AGE. 

[0288] The increased burden of AGE in any given tissue is 
likely to result into a pathological condition, and by different 
mechanisms thereafter may lead the various disease condi 
tions Thus, reducing the tissue burden of AGE the com 
pounds of the instant invention can reverse these conditions, 
and the prevention of AGE accumulation up to a critical 
mass may prevent the condition from occurring in the ?rst 
place. Indeed, in chronic diabetes and in old age there is a 
gradual accumulation of AGE over a period of years (Yong 
Ming Li et al., 1996; BroWnlee, 1995). The complications 
associated With such mammals occur as the tissue burden of 
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AGE increases over a period of time. The increase in tissue 
burden of AGE over time could be prevented in neWly 
diagnosed patients by administering AGE breaker or inhibi 
tor compounds su?iciently early. This method Would prevent 
and/or delay the development of complications listed above 
in these patients. 

[0289] AGE Inhibitors: 

[0290] As shoWn in Table 3, the compounds of the present 
invention are also useful for inhibiting AGE. 

[0291] Thus, can be used as a medicament in the treatment 
of diabetic complications and aging-related diseases caused 
by accumulation of AGE, as these compounds can inhibit the 
formation of AGE. Furthermore, the compounds can inhibit 
accumulation of AGE by inhibiting formation of AGE and 
they can be used as a medicament for preventing the diseases 
such as diabetes and aging related complications caused by 
accumulation of AGE. 

[0292] Hence, the conditions listed belloW arising due to 
formation of AGE can be prevented or treated by the 
compounds of General formula (I) for tWo reasons: ?rstly 
due to their AGE breaking activity and secondly due to their 
AGE inhibiting activity. In fact, both the biological activities 
contribute to control the folloWing disease conditions: 

. vascular and neuro-vascular complications, 

. nephrological disorder, 

. neurological disorder, 

. atherosclerosis, 

. retinal disorder, 

. dermatological disorder, 

. non-enZymatic broWning of oral cavity, 

. endothelial or other organ dysfunction, 

. groWth impairment, 

10. in?ammatory disorder, 

11. immunological disorder, 

12. oxidative stress, 

13. aging and diabetic complication, 

14. alZheimer disease, 

15. resteno sis, abnormal tissue hindrance in peritoneal dialy 
sis, 
16. abnormal tissue hindrance in peritoneal dialysis and 

17. erectile dysfunction. 

EXAMPLE 1D 

Free Radical Scavenging Activity: 

[0293] This method measures the relative ability of free 
radical scavenging substances to scavenge the ABTS'+ i.e. 
2,2-AZino-bis-(3-ethyl benZo thiaZoline-6-sulfonate) radical 
cation as compared to a standard amount of standard or free 
radical scavengers antioxidants. Incubation of ABTS With 
Peroxidase (metmyoglobin) and hydrogen peroxide results 
in the production of radical cation ABTS'+. This species is 
blue-green in colour and can be detected at 730 nm. Anti 
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oxidants or free radical scavengers in the added sample that 
causes suppression of the color to a degree that is propor 
tional to their concentration. 

Protocol: 

[0294] Preparation of Buffer Solutions: 

[0295] a. Phosphate Citrate Buffer (pH 5.0): 48.5 ml of 
0.1M citric acid With suf?cient 0.2M disodium hydro 
gen phosphate to produce 100 ml. 

[0296] b. Phosphate Buffer Saline (PBS): Dissolve 40.0 
g of NaCl, 1.0 g of KCl, 1.0 g of KHZPO4 and 3.05 g 
of Na2HPO4 in 1 litre milli-Q Water. Dilute 200 ml of 
above solution to 1 litre With milli-Q Water (pH 7.4 

7.6). 

[0297] Preparation of ABTS Stock Solution (2 mM): 

[0298] 1 tablet (10 mg) Was dissolved in phosphate 
citrate buffer (pH 5.0) to give a 2 mM solution. 

[0299] Preparation of Horse Radish Peroxidase Working 
Solution: 

[0300] 0.1 mg Was dissolved in 10 ml of phosphate 
buffer saline, 1 ml of this solution Was diluted to 100 ml 
With PBS. 

[0301] Preparation of Hydrogen Peroxide (1.08 mM) 
Solution: 

[0302] 12 pl of Hydrogen Peroxide (30% W/v) Was 
diluted to 100 ml With PBS. 

[0303] Preparation of Drug Solutions: 

[0304] 0.1 mM of stock solution of the drug Was pre 
pared Which Was serially diluted in PBS to get 0.05 
mM, 0.025 mM and 0.0125 mM solutions. 

[0305] Preparation of ABTS Radical Stock Solution: 

[0306] To 2 ml ofABTS stock solution, 1 ml of horse 
radish Peroxidase Working solution Was added. 

[0307] As soon as 2 ml of Hydrogen peroxide solution 
Was added to the above solution, blue-green colour of 
the ABTS radicals appeared. This solution Was incu 
bated at 30° C. for 30 min in order to ensure the 
completion reaction. Make up the volume to 10 ml With 
PBS. 

[0308] Preparation of Control Solution: 

[0309] 900 pL of ABTS radical stock solution Were 
added to an eppendorf tube. To it Were added 100 pl of 
PBS solution. 

[0310] Preparation of Test Solution: 

[0311] 900 pl of ABTS radical stock solutions Were 
added to different eppendorf tubes. To it Were added 
100 pl of various concentrations of drug solution. 

[0312] Measurement of Absorbance (0D): 

[0313] The absorbance of control and test samples Was 
recorded immediately at 730 nm taking PBS as blank. 
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[0314] Calculation: 

[0315] The percent antioxidant activity Was calculated 
according to the formula: 

% Antioxidant activity=100—[O.D of test sample/OD 
of controlxl00] 

[0316] The results are tabulated in Table 4 beloW. 

TABLE 4 

Relative Free Radical Scavenging 
Activity (%) 
on ABTS 

Compound No. 12.5 pM 25.0 pM 50.0 pM 100.0 pM 

Compound 6 21.99 40.56 61.68 81.04 
Compound 8 22.22 38.18 67.14 99.71 
Compound 10 41.01 72.97 85.75 87.04 
Compound 11 26.78 45.74 70.61 86.46 
Compound 12 22.34 40.97 71.47 84.62 
Compound 13 23.58 41.78 64.01 82.54 
Compound 17 28.34 54.43 83.56 94.81 
Compound 18 28.65 53.8 84.41 95.32 
Compound 19 8.37 19.42 37.62 55.18 
Compound 20 6.15 9.06 34.31 57.75 
Compound 22 22.52 29.52 30.31 31.40 
Compound 24 43.66 74.64 83.24 00.12 
Compound 26 21.18 34.22 41.66 75.27 
Compound 27 16.16 27.12 39.05 51.04 
Compound 29 31.82 46.84 58.84 55.22 
Compound 34 13.2 19.08 26.39 29.40 
Compound 35 28.27 39.78 58.34 74.36 
Compound 37 21.79 37.92 41.95 39.46 
Compound 38 27.70 44.78 61.98 66.92 

[0317] It is thus found that the compounds of general 
formula (I) as de?ned above are capable scavenging free 
radical, apart from inhibiting AGE and AGE breaker activi 
ties. 

Discussion of the Test Results on Free Radical Scavaging 
Activity: 

(i) For Cosmetic Application 

[0318] Apart from the AGE breaking and free radical 
scavenging activity of the compounds of the invention their 
potential to inhibit AGE make them ideal for different 
cosmetic applications as discussed above. 

[0319] The compounds of present invention have thus 
demonstrated capability of breaking AGE cross links formed 
in proteins. The compounds also demonstrated the capability 
of quenching free radicals, Which can cause irreversible 
damage to proteins nucleic acids, etc. The ability to reverse 
the formation of Advanced Glycation End products (in skin 
support protein, like collagen and hair proteins like keratin) 
in conjunction With free radical quenching, carries With it 
signi?cant implications and make them useful in cosmetic 
applications. 

[0320] The compounds of present invention improves the 
aesthetic appearance of skin by arresting the complications 
of skin at more than one crucial stages. It breaks the 
preformed Advanced Glycation End products (AGE) formed 
in skin’s support proteins and delays intrinsic aging (C. 
Jeanmaire et. al., British Journal of Dermatology 
2001:145:10-18). The compounds of present invention also 
quenches the free radicals generated by UV exposure, pol 
lutants etc, in the skin thereby prevents extrinsic or photo 
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aging. The free radical quenching Will also prevent the 
irreversible damage caused to proteins and nucleic acid. 
Moreover, by virtue of free radical quenching, these com 
pounds Will reduce the load of free radicals generated by 
Performed AGE’s. The reduction in oxidative stress Will in 
turn reduce the formation of reactive intermediates involved 
in Amadori Product formation. 

[0321] The glycation of proteins is a universal phenom 
enon, Well knoWn at the skin level. HoWever, this phenom 
enon can also occur in other related parts such as the nails 

or the hair, particularly in the Keratin (EP1068864 Al and 
EP 1110539A1). 
[0322] The glycation of the dermal proteins, particularly 
the collagen, leads to adverse cosmetic effects for eg 
consequences that damage the skin, the same consequences 
can be expected as a result of glycation of proteins in skin 
related parts, such as the nails and/or the hair, and in all the 
protein system. 
[0323] The present invention discloses the molecules With 
ability to break the protein cross linking. In addition, these 
molecules have shoWn to have free radical scavenging 
(anti-oxidant) activity and thus useful in several disease 
conditions Where oxidative stress plays vital role in the 
pathogenesis besides their cosmetic applications as dis 
cussed above. 

[0324] Thus, the compounds of the instant invention are 
effective for at least one of the folloWing applications: 

a) reversal and prevention of Wrinkles, 

b) reversal and prevention of ?ne lines, 

c) promotion of epidermal groWth, 

d) photo protection of skin, 

[0325] 
f) reversal and prevention of age spots, 

e) reversal and prevention of skin discoloration, 

g) conditioning and prevention of dry spot, 

h) reversal and prevention of stretch marks, 

i) reversal and prevention of blemishes, 

j) skin care and conditioning, 

k) reversal and prevention of senile xerosis, 

l) conditioning and prevention of sun burns, 

m) preventing and reversing the loss of collagen, 

n) improving skin texture, 

o) improving skin tone, 

p) enhancing of skin thickness, 

q) decreasing pore siZe, 

r) restoring skin luster, 

s) minimising signs of fatigue, 

t) reducing acne, 

u) treatment of Telangiectasia and 

v) improving aesthetic appearance of hair and nails. 

i) For Non-Cosmetic Application 

[0326] Apart from the use of the compounds of General 
Formula (I) for cosmetic applications based on their AGE 
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breaking/AGE inhibiting and free-radical scavenging activi 
ties, the latter activity of these compounds can be used for 
control of oxidative stress for effective management of 
conditions. 

[0327] The test compounds listed in the table above 
exhibit invitro free radical scavenging (antioxidant) activity. 
Excessive production of free radicals reactive oxidative 
species (ROS) results in oxidative stress. Therefore, these 
molecules Would be very effective in reducing oxidative 
stress by their ability to trap ROS. Antioxidants (free radi 
cals scavengers) are reported to be effective in the manage 
ment of various diseases linked With oxidative stress 
selected from the group consisting of: 

[0328] 
[0329] (a) AlZheimer’s Disease 

[0330] (b) Parkinson’s Disease 

[0331] (c) Huntington’s Disease 

[0332] (d) Motor Neuron Disease 

[0333] (e) Prion Disease 

[0334] 2) Diabetes and Diabetic Vascular Complications 

[0335] 3) Intestinal Diseases 

[0336] (a) Intestinal Ischemia 

[0337] (b) Radiation Enteritis 

l) Neurodegenerative disorders 

[0338] (c) In?ammatory BoWel Disease 

[0339] (d) Gastric and Colorectal Cancers 

[0340] 4) Liver Diseases 

[0341] (a) Alcoholic Liver Disease 

[0342] (b) Chronic Hepatitis C 

[0343] 5) Cancers 

[0344] 
[0345] 
[0346] 
[0347] 
[0348] 

[0349] 6) Cardiac Diseases 

[0350] (a) Atherosclerosis 

[0351] (b) Myocardial Infarction 

[0352] (c) Ischemic Stroke 

[0353] (d) Endothelial dysfunction 

[0354] 7) Opthalmic Disorders 

[0355] (a) Cataract formation 

[0356] (b) Macular degeneration 

[0357] 8) HIV Disease 

[0358] 9) Respiratory Diseases 

(a) Lung Cancer 

(b) Colorectal Cancer 

(c) Cervical Cancer 

(d) Breast Cancer 

(e) Malignant Melanoma 

[0359] (a) Chronic Obstructive Pulmonary Diseases 
(COPD) 

[0360] (b) Asthma 






















































