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ABSTRACT

Tvpe 2 diabetes mellitus is a conumon chromic disease that canses sipnificant morbidity  and mortality
worldwide. Diabetes results from a combination of increased hepatic ghicose production. decreased
msulin secretion from beta cells, snd insulin resistance in the peripheral tissues, Cwrently available
antidiabetic agents work by different mechanisms to lower blood glucose levels, Available treatments
(such as metformn, sulfomyvheas, ghtazones, and msulm) have proven unsatisfactory m producing a
long-lasting mnpact on glvcemic control In addition, most of these treatments have undesmable side
effects such as weight gam and hvpoghvcemia. As a result, exploring new treatment targets and new
therapies s mandatory in order to treat this condition. Sodnum dependent ghcose cotransporters couple
the transpoit of ghicose agaimst a concentration pradient with the simultaneous transpoit of Nat down a
concentration gradient. The sodimedependent ghicose cotransporier pathway plays an aoportant
pathological role in the Tvpe 2 diabetes mallitus, and treatments targeting the svstem have recently
become available. Dapaglifiorin is a potent and specific imhibitor of sodium-dependent glucose
cotransporter. Current data suggests that dapaghflozin as monotherapy or in combination with metformin
results m significant redvuctions i fasting and postprandial plasma glicose and glveosylated hemoglobin
level, Dapagliflozin is well tolerated and does not increase hvpoghreemia compared with the placebo, and
use of dapazliflozin 15 associted mamly with weight loss. Dapagliflozin. a sodmm-dependent glucose
cotransporter miubator, ofter a novel treatment option for patients with type 2 diabetes mellitus.

KEY WORDS: Tvpe 2 diabetes mellims, sodinm dependent ghicose cotransporter  inhibitors,
dapaghflozm. metformin, liypozlveemia.

INTRODUCTION

As early as the 1930s, it was recopnized by Himswaorth that two types of diabetes mellitus exast. One was
shown to be attributable to an insufficiency of msulm (type 13; the other to resistance to the action of
msulin (tvpe 2). Nevertheless, until recently, thinking with regard to these two disparate types of diabetes
has teded 1o consider themn as one! Type 2 diabetes mellitus (T2DM) is the most common endocrine
disorder worldwide®, characterized by fastmp and postprandial hyperglycenma and relatve insulin
msufficiency. If lefi untreated, then hvperzhbecemia may  canse  bone-ferm microvascular  and
macrovascular complications, such as nephropathy. newropathy, retinopathy, and atherosclerosis and 1s
associated with co morbidities, such as obesity, hypertension, hyperlipidemia (increased VIDL,
tnglveerides and decreased HDL cholesterol), and cardwvascular disease, which taken together, comprise
the ‘Metabolic Syndrome’. This disense causes sipniificant morbidity and moality at considerable
expense to patients, thewr families and society”.

In 2007, type 2 diabetes represents a major public health ssue all over the world, becoming a “diabetes
epidemic™ as stated by Zinmet. A few years ago, the concern of the “diabetes epudeinic™ was restricted
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to the US while the other parts of the world wete nof considered as threatensd. Unfortunately, the picture
has moved and nowadays no country escapes the diabetes mvasion”. Accordmg to Infemational Diabetes
Federation (TDF) the enormity of the T2DM epidemic, disease now affects a staggering 246 million
people worldwide, with 46% of all those affected m the 40-59 age group and the total number of people
living with diabetes will skyrocket to 380 millhen within 20 vears if nothmg is done’. There are two
primary underlving canses associated with type 2 diabetes are the body does not produce enough insulin
(msulin deficiency). and the cells iznore the nsulin (nsulin resistance). Svmptoms of TZDM develop
gradually, and their onset 15 not as sudden as m tvpe | diabetes. Syimptoms may inclode fatipue. frequent
urinatiot, increased thirst and Inmger, weipht loss. blorred vision, and slow healing of wounds or sores.
Type 2 diabetes 15 most often associated with older age, obesity, family history of diabetes, previous
history of pestatwonal diabetes, phyvsical mactivity and certam ethudcities. People with type 2 diabetes
often are characterized with msulin resistance, abdommal obesity, a sedentary lifestvle. having low HDL-
C cholesterol levels and high triglveeride levels and hypertension”.

The kidneys play a key role m the overall regulation of blood glicose levels in the body. Normally, in
healtly mdividuals, the kidnevs fiker a large vohune of glucose and actively reabsorb vatually all of it In
patients with tvpe 2 diabetes that have hvperglveemia, a greater amowmt of ghicose 15 filered and
reabsorbed by the kidnevs despate the fact that this perpetuates the hyperglyvoena. Over tme, the fctors
that contribute to sustained lvperglveemia lead to glicotoxicity, which worsens insulin resistance and
contributes to dvsfunction m the beta cells of the pancreas. In this way, hvperglyvoemia appears o
perpetuate a vicious cycle of deletersous effects that exacerbate type 2 digbetes®. The pathogenesis of type
2 diabetes mellits is mnltifactonal and complex, resufiing from insulin resistance m targer tissues and
unpairment of pancreatic msulin secreton and unrestramed Lepatic ghicose production. The natural
history of diabetes usually bepms with cbestty leading to msulin resistance. Insulin resistance m twrn
promotes a state of compensatory hyperinsulinemia that leads to other adverse sequelae. Omce
hyperglycemna develops in the insuli-resistant paticnt, mereased mobilization of fatty acids occurs,
ghicose metabolsim decreases, msnlm secretion s mnpatred. and msulin resistance beconies even mwore
pmnnmbm:l’- Initially, nomopheemia is mainfaimed beceise of compensatory merease i insulin
secretion by the B-cell. Ulimately msulin secretion and msulin concentration fall leading 10 increased
hepatic ghicose production amd overt diabetes. D-cell funetion contimmes to decline in the presence of
contimed insulin resistance making treatment complex and achievement of therapentic targets difficuli®.
Hence, the failare of B-cells to secrete sufficient msulm to overcome insulin resistant (IR) (ie.. B-cell
dysfunction) is the crucial siep in the development and progression of T2DM In addition 1o B-cell
dysfunction, patients with T2DM have a-cell dysfunction, which manifests as elevated ghicagon secretion
i the presence of yperaiveemia. Based on the current inderstanding of the pathoplysiclogy of TIDM,
multiple pharmacological and nonpharmacological mterventions have been developed over the past five
decades to improve glycemic comtrol amd slow disease progression” However, gradual Joss in drug
efficacy over time due to progressive detertoration in B-cell fanction is the main limitation as most of the
observed mitial improvements in plycemic comtrol are not snstamed”. Furthenmnorve, most of these
meatments have undesired side effects: sulfonyhreas (S076) merease msulin secretion, bl are associated
with hyvpoghycemia and weight gain. Metfornnn reduces hepatic glicose output, with no weight gain, and
is mot associated with hypoglycemia, but has a relatively high frequency of gastromtestinal side effects,
Thiazolidinediones (TZDs) anprove B-cell fimetion amnd reduce TR, but are associated with weight gain
and can canse peripheral edema; meglitmides mprove msulin seeretion from B-cells, bt mereases the
incidence of hypoghveemia and weight gam compared with metformm. Finally, insulin therapy produces
sustainable glycosylared hemoelobin Ale (HbAle) reductions and might improve B-cell fimetion, bt
causes hyvpoglycenua and weight pam Hence, mterventions that can slow and/on reverse B-cell decline,
which result m weight loss amd do not result in hypoghyoemia, might be expected to have a significant
sustained mmpact i paticnts with T2ZDM.

The development of altemative agents acting by novel mechanisms has become necessary m order fo
conitol glucose levels i patients with progressing hivperglvosmia. Some emerging small moleculzs
primarily lower blood ghlicose levels by modulating targets that affect ghicose metabolism or by
regnlating glhcose homeostasis (AMP activated protem kinase). One such povel mechamism by which
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blood gucose levels could be lowered 15 by removing ghicose from the bloodstream via mhabition of the
sodium glucose co-transporter (SGLT)', Thus, SGLTs inhibitors-based therapies are a new class of
antidiabetic medication that may address some of the above mentioned shortfalls of current treatments”
Deapaghiflozm is a pewer SGLT mhibitor. The major advantage of dapagliflozim over the other antidiabetic
agents are to mmprovement m both fastmg and postprandial hyperglveaemia without increasmng msulin
secretion or causing weight gain, hypoelycaemia, gastrointestmal side effects or fluid retention.
TREATMENT OF T2DM WITH SODIUM GLUCOSE CO TRANSFORTER

Sodmm-glicose cotransporter 2 (SGLT;) mubstors represent a new strategy m the treatment of tllﬂl:r&les
by nhibitimg plocese reabsorption in Kidneys, therely prompting glucose urinary excretion’’
Concentration gradient across the cell membrane drives the entry of glicose mto the cell via diffusion.
Diffuswon reaches equilibrmm and stops as the mner and owter concentrations equalize. If the cell's
energy demand requires addiional glucose, ghicose transporfer units (GLUT) are mobilized At present.
there are 13 types of known GLUTSs. Some GLUTs, such as GLUT; in muscle, require msulin to mediate
transmembrane ghicose transport. Others, such as GLUT, in brain, accomplish gncose transport withouot
the aid of insulin. As for mtestinal cells and renal cells, particularly the proxmnal tbnle cells of the
kidney, glucose is tmnapmmd v SIGLT. The kdney filters 160 g glucose daily, with 0% reabsorbed by
SGLT: and 10% by SGLT) in the renal tubules'. At presend, there are six types of known 5GLTs. SGLT,
and SGLT:; have been more extensively studied. SGLT; i particularly abundant m the cells and
meimbranes of the renal proximal tabule at the 5; side. SGLT) has a stronger affinity for glucose it less
transporting capacity than SGLT;. It is therefore unlikely to became a target for new drug development.
SGLT: is foumd in the proximal tubule membranes at the 8, site. Tt has lower affinity but greater capacity
for transporting ghicose. About 90% of zhicose reabsorbed m the proximal tubale is mediated by SGLT-,
and the remaining 10% is by SGLT,'* ¥,

The repulatory mechanisme of SGLT: are still under investigation it according to Lee et al., 1t appears
that the activity of renal SGLT can be regulated by hyperglveemia through the ROS-NF-k (reactive
oxyeen species-muclear factor-k) pathwavs, as well as being mhibited by angiotensm 11 (ANGIT) and
epidermal prowih factor (EGF). Hypathetically, high glucose levels activate protein Kinase C (PKC),
which mduces the formation of ROS that subseguently stimmlate the nuclear wanslocation of NF-k. PEC
also induces activation of Ca™ -dependent cytosolic phospholipase Az (¢PLAC). which leads to the release
of arachidonic acuds (AA). ANGIL and EGF work through a brosine Kinase (TE), protein kinase C.
mitopen activated protein kinase (MAPK)}-cPLA, signal transduction casacade; which results in the
release of AA and the subsequence downregulation in expression of SGLT.. Due 1o mbibition of SGLT-,
glucose reabsorpiion from the renal ﬁlrr.'-:t: 15 reduced and the hulk of the g]l.ll:-l:lﬁl: appears m the urine
Therefore, SGLT, is a potential drug target for the treatment of diabetes mellitus'

DAPAGLIFLOZIN

The selective sodim glucose cotransporter 2 mhibitor 15 a new class of agent. The sodmm glicose
cotransporter tvpe 2 (SGLT:) located m the plasma membrane of cells linmg the proxmal tubole
mediates the majorty of renal glecose reabsorpiion from the mbular finid. Blood ghicose 15 continmonsly
fitered by the renal gloweruli and then reabsorbed in the renal proximal mbules by SGLT;, and 1o a
lesser extent SGLT,, preventing the oss of glucose m the wrine. Competitive inhibttors of SGLT: provoke
renal excretion of glucose. potentially lowering elevated blood phicose levels in patients with diabetes,
Dapagliflozin 18 the first in a new class of oral selecinve sodim-ghicose cotransporter 2 (SGLT;)
inhibirors designed for reating type 2 diabetes’. These agenns are expected o mnprove plasma glucose
levels and decrease body weight m patients with type 2 diabetes without causing hypoelycemia. The
selectivity of dapaglifiozin for SGLT, allows for decreased renal reabsorption of ghicose without a
discernable effect on the fmction of SGLT; m the small mtestines, thus, gastrondestinal adverse events
{AFs) are theoretically minimized with this agent''. Figure 1 clearly represents the mechanism of action
of dapaglifarone.

CHEMISTRY, SYNTHESIS and SAR

Dapaglifiozm (Fig. 2). which was known earher as BMS 512148 (28 3R 4R 35 6R)-2-[4-chloro-3-(4-
ethoxybenzylipheny|]-6-thvdroxymethy]) tetrahydro-2H  pyran-4,5-triol), s the SGLT2 mhibitor',
Figure 2 represents chemical structure of dapaghflozm
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The svothesis of C-aryl glucoside compounds comtaining a dwrect carbon-carbon bond between the
glucose and aglveone moieties culmmated in the discovery of dapaglifiozm. C-aryl glucosides are more
metabolically stable than O-glicosides (eg., phlorizm) becanse they are resistant to degradation by
mtestimal beta-ghicosidases. A SAR evaluation of C-aryl ghicosides mdicated that meta-substituted
diarylmethanes, such as dapagliflozin, were preferred SGLT: ligands compared with their biphenyl or
1.2- diaryhinethane equivalents.

Dapagliflozm was synthesized via C-arylation of 2.3 4. 6-tetra-O-trimetly lsilyl-l-d-glucolactone with a
benzophenone derivative., Commercially avmlable ghicolactone was silylated with trimethylsilyv] chlonde
in M-metlwhnorpholine and tetrabwdrofuran (THF) to produce the persilylated glucolactone (99% yield).
The starting benzophenone dermvative, S-bromo-2-chloro-4'-ethoxvbenzophenone, was prepared via
Friede! Crafts acvlation of phepetole with 5-bromo-2-chlorobenzovl chloride under standard conditions.
The benzophenone was reduced with triethylsilane and boron trifluoride-etherate to produce 3-brommo-2-
chloro-4" ethoxydiphenylmethane. A soltion of n-butyllithivm in hexane was added to a stirred sohition
of starting 5= bromodiphenylimethane m 172 THF toliene at =78 degree centiprade. After 0.5 I the
mixture was transterred to a stured soltion of persilvlated glicolactone i tolwene at 78 degree
centiprade. A solmion of methanesulfonic acid i methanol was added after 005 b amd the reaction
mixture was allowed (o werm slewly 1o 1oom temperature over 16 h and was then worked up 1o produce
the corresponding O-methvlelucoside dervative (85% yield). The anomeric methoxy group was reduced
with treetivlsilane and boron trifluonde-etherate followed by peracetylation 1o oblam tetraacetvlated beta-
C-ghicosnde (35% vield), which was deacvlared with lithinm hvdroxide i aqueous THF ‘methanol to
produce dapaglifiozin (100% vield)'

PHARMACORKINETICS

Dapagliflozm 5 predominantly metabolized to an  mactive metabolite by UGTIAY (UDP
glyveosylransferase 1family polypeptide A9). although the compound can be catabolized with a low
tumover by nmktiple cvtochrome P450 (CYP) enzyvmes. mcludme CYP1AL, CYPLAZ, CYPIAG,
CYP2C9, CYP2D6 and CYPIA4'Y Dapaghifiozin displaved a selectivity of approxmmately 1200-fold for
hSGLT,; compared with h8GLT, (EC30 = 1.1 oM versus 1.4 microbd), whereas selectivity for rSGLT;
was 200-fold greater than for 18GLT,. Dapagliflozin has a hall-hifé of approximately 17 h and almost a
maximal $G1.T2 blockade for at least 24 b following doses of 25— 50 me, making this sutable for once-
daily dosing. It canses dose-dependent ghveosuria in healthy subjects and patients with T2 DM
FREECLINICAL DEVELOPMENT

Dapagliflorm demonstrated an EC30 vale of 22 oM against 8GLT; with a selectivity of 600- fold
agamst hSGLT-1, In a study of i vive BGLTs mhibitory activity, healthy Spragne-Dawley rats (food-
restricted for § b post-dose) were orallv admmistered dapaglifiozin (1, 1 and 10 meke). resulted in
sipnificant dose-dependent mcreases in glecosuria and urine vohune. Specificallv, the l-mpke dose
produced a 400- fold mcrease in ghicosuria (0.0001) and a 3-fold crease o arime volome (0,0005)
compared with vehicle, Treatment with dapaglifiozin resulted m 24-h renal glucese losses of 550, 1100
and 1900 me200 g of body weight ar doses of 0.1, 1 and 10 mp'ke, respectively. In one smudy, single
dose of dapaghfiorm S0mg orallv adminstered  Dapagliffozin was  rapidly  absorbed afier omal
administration of the 50 me dose with maxionom plasma concemtrations (Cu,) attained with 1 howr
after admindstration m a fasted state. The mean termunal half-life (T,) value for dapaghfiozm was 13.8 h
The obzerved oral plasma clearance was 4.9 mL/min/kg. The amount of total radioactivity recovered in
the urine was 75.2%; the amomd of unchanged dapagliflozin recovered in urine was 1 6%. The rate of
clearance was 5.6 mL/min arxd GFR=tu was 108 mL/min™ ™.

CLINICAL DEVELOPMENT

Phase I Trials

The pharmacokimetic and Pharmacodvnamic properties of dapaghflozin were mvestigated in randomieed,
double-blind, placebo-controlled. two-peniod. scquential, smgle-ascendmg-dose climical trial healthy
mdividuals were assigned to either smgle-dose dapaglifiozin (2.5, 5. 10, 20, 30, 100. 230 or 500 mg po,
after a 10-h st [0 =6 per dose level]) or placebo (n= 2 per dose level). Ghicosuria was dose-dependent
and, at doses of 20- 10 50-mg, a pear-maxinmm mate of glicose excretion (approximately 3 g/h) was
sustamed for a mmimm of 24 h. Mean serum glucose AUCO-4 h valees after a mdday meal rmnged from
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393 to 405 me-vidl and fom 413 to 446 mg hidl in the dapagliflozin and placebo proups, respectively. [n
these healkthy individuals, dapagliflozin was associated with a decrease of 7% (on average) in the mean
senuin glucose AUCO-4 h value compared with the valoe with placebo.

In other randomized, double-blnd, placebo-controlled, sequential, multiple-ascending-dose chmzal tnal,
healthy mdmaduals received diets contaiming fixed amounts of calcinn and sodmm chlonde and were
assigned to receive dapagliflozin (2.5, 10, 20, 30 or 100 mg po, qd for 14 days [n = 6 per dose level]) or
placebo (n = 2 per dose level). Swmlar to simgle-dose treatment. a pear maxunnm ghicosuric effect was
achieved with the 20-mg dose. Cumulative daily glucose excretion displaved doese-dependency, with 17.7,
40.0, 580, 62.0 and 58.3 g excreted on day 1 and 204, 33.6, 49.2, 53.3 and 55.4 g on day 14 for doses of
25,10, 20, 50 or 100 mg, respectively. This excretion equates an mhibition of renal ghicose reabsorption
of approxumately 20 to 30% on dav 1 and approxunately 16 to 50% on day 14. The lughest thoee doses of
dapaghtlozm (20, 50 and 100 mg) mhibited reabsorption of approximately 50% of the filtered glucose,
resulting i an excretion of 60 g/day, which was significantly less than that observed m indmviduals with
severe FRG who displayed massmve glicosuria of 1235 giday. A trend toward lower glicose excretion was
observed at the end of the tnal, possibly reflecting a reduction m the overall glicoze load However,
seruin levels of ghicose, insulin and C-peptide were unaltered, suggesting that changes m the filtered
glucose load had not occired,

In 4 completed phase [. randomized. open-label active controlled. crossover clinical trials. dapagliflozin
was assessed in combinaton with other agems in healthy volupteers. These trials assessed the
pharmacokinetics and pharmacodvnamics of dapagliflozin monotherapy. A nop-randomized, opea-label,
parallel-assigmment nial assessed single-dose dapagliflozin (50 mg) and muliple-dose dapagliflozin (20
mg, for 7 days) i heakthy volunteers and patients with T2DM with and without mdild, moderate o1 severe
renal impainment (n = 409, a randonazed. double-blind, placebe-controlled, smele-group-assinment trial
assessed multiple ascending doses of dapagliflozin (2.5, 10 and 20 mg, for 14 davs) in Japanese patients
with diabetes (1 = 36); and an ﬂpEll—Eabcl. ":.ll.'lli].thE,l.’l‘.‘l‘ll].l—Ehﬁ.l."_E]l.Lutlﬂ I:r:a] assessed the oral binavailability
of dapagliflozin (10 me. and 100 microg ) in healthy volinreers (n=T7)"

Phase 11 Trials

The efficacy and safety of dapagliffiorm monotherapy was imvestigated m a Ila, randomized, doulle-
hlind, l_-lm;-:lm-mm:rullad.. parallel-assipnment. multicenter, multiple-dose climcal trial was conducted in
patients with an established diagnosis of T2DM whoe received dapagliflozin (5 o= 117, 25 [0 = 12] o
100 my [ = 16] po, qd for 14 days) or placebo (n = 8); a total of 18 patients (all of whom were randomly
assigned 1o the dapaglifiozin dosing groups) comtimed 1o receive stable doses of metformin
Dapagliflozin mduced a dose-dependent reduction in fasting serim ghicose (FSG); on day 13, FSG was
reduced from baseline by 11.7 (0.05), 13.3 (0.05) and 21.8% (0.0001) for the 5-. 25- mnd 100-mg doses.
respectively. An .&uah_,.sls of AUCO-4 b values following an oral glucose [-;:ulemr.u:e test indicated that
overall zlucose excursion was reduced more substantially on dav 13 ‘than on day 2: the preatest reduction
from bascline (22.6%) was obscrved for the 25-mg dose at day 13. Daily urinary ghicose excretion
increased i a dose-dependent manner, however, despire the prediction of similar or sliphtly increased
SGLT; inhibition a1 the end of the study (44% at day 13 versus 36% at day 2), the amomt of glicosira
after 2 weeks treatment was inferior (699 g/day for the 100-mg dose) compared with day 2 (B1.3 g/day
for the 100-mg dose. A compamble level of SGLT: mhabition was associated with greater ghicosura n
patients with T2DM compared with healthy individuals, and was attributed to the higher glycemic valnes
in the former gronp. Body weight was mahered afier 14 davs of dapaglifiozin treatment. In another,
randomized, double-blind, placebo-controlled, parallel-assignment. muliscenter, prospective cluncal trial,
drug-naive patients with T2DM received dapagliflozm (2.5 [n= 53], 5 [n= 55]. 10 [n= 40]. 20 [n = 53]
ot 30 [0 = 50] mg po, qd), extended-release wetformn (750 myg force tivated at week 2 to 1500 mg [n=
51]) or placeba (n = 44) for 12 weeks mcloding a 2-week lead-in period. All analyses were reported for
week 12, A significant reduction from baseline m mean HbAlc levels was observed m all dapagliflozin
gronps compared with the placebo group. However, although the highest reduction occured in the S0-mg
dapaghflozin groug (0.9, comnpared with 0.18% m the placebo and 0.73% in the metformin groups), o
clear dose-respomse relationship was observed. In contrast, a dose dependent lowermng of FPG occurred;
reductions from baseline ranged from 16 to 31 mg'dl m the 2.5- to 50-mg dapaghflozin groups.
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respectively, while reductions of 6 and 13 mgidl were observed in the placebo and metforinin sroups,
respectively. Adjusted mean reductions i postprandial ghicose (PPG) AUC from baseline were 10,149
mg_ min/dl for the 10-mg dapaghflozin dose (no dose-dependent relationship), compared with 3182
mg.min/dl for placebo and 5891 mg muin/dl for metformim. HbhAle levels 7% were attained by 40 to 50%
of patients in the dapaghtlozm groups, compared with 32 and 54% in the placebo and metformin groups,
respectively, however, significance was only achieved with the 50-mg dose versus placebo (0.01).
Urnnary glucose excretion had increased m all dapaghflozin proups wversus placebo (0.001 for each
dapaghflozm group), and the total mean uninary gluicose excreted per 24 h reached a peak of 85 g for the
20-mg dose of dapagliflozin. Importantly, mean wesglt loss was higher m all dapagliflozin groups
(maximum reduction of 3 4% in both the 20- and 50-me dose groups) compared with either placebo
(1.2%) or metformun (1.724). Visnal analog scale evaluations snggested that dapaglifiozin did not alter
appetite'®,

Phase III Trials

There have been several phase [T trials assessing dapaglifiozim-based therapy in groups of patients with
T2DM. The efficacy and satety of dapaghflozm w dmg-naive patients with T2DM was mvestygated in a
ratidomized. double-blind, placebo-controlled, nulticenter clinical trial assessed the effects of open-label
metformm (1500 megiday) plus ether dapaghiflozin (2.5 [n= 137], 5 [n= 137] or 10 mg [n = 135] po. qd
for 24 weeks) or placebo (n = 137), in patients with T2DM that was inadequately controfled with
metformim alonse (1300 me/day]. At week 24, mean reductions from baseline m HbAle and FPG levels
were significant in all dapaghflozin growps compared with placebo (0,005 for all freatment groups for
both measuresy, baseline-adjusted mean reductions in HbAle were 0.67. 0.70 and 0 84% m the 2 5-, 3-
and 10-mg dapagliflozin groups, respectively. The percentage of patients with HbAle values, %6 at 24
weeks was sienificant in the 5- and 10-mg dapaglifiozin groups (0.05 for both doses versus placebo). but
not in the 2.5-mg dose group. Dapagliflozin induced progressive and contineing weight loss during the
trial, and a greater proportion of patients m the dapagliflozin groups expericnced weight losses of 5%
compared with placebo (24 to 28% of patients in the dapagliflozin groups compared with 5.9% i the
placebo proup). Sipnificant decreases in total body weight were aleo observed at 14 weeks in the
dapaghflozin groups (00001 versus p]auebn}”i.

TOLERABILITY AND SIDE EFFECTS

Although long-term safety data are lacking. studies to date have generally found dapagliflozin to be safe
and well tolerated. It is usefill to note that genetic rmiations involving SGLT; cause isolated phicosuria,
with individisals affectad not experiencing significant morbidiny or a decreased life expectancy. Hepoted
adverse events in clinical trials were most often gastromtestinal in nature and appear to ocour more
cotnmonly in patients recemving concomitant metformin therapy.

Hypoglycaemia

SGLT: mhibition is generally not associated with hypoglycaemia. Two episodes of hypoglycacmia,
defined as symptomatic hvpoghyeacmia and‘or a blood glucose level <50mg/dl on multipl occasions,
were reported in one phase I1 sudy in dapaglifiozin-treated patients. Anpother phase IT study reported
hypoglveseniia m 6-10% of dapagliflozin-treated patients, compared with 4% in the placebo gonp and
0% in those receving metformin. When used as add-on therapy in patients madequately controlled with
metformin monotherapy, hypoelycaemia was reporied in 2.2-3. 7% of patients recerving dapaglifiozm.
compared with 2.9% of placebo teated patients over 24 weeks of treatment. In contrast, the incidence of
hypoglvesenia appems 10 be mereased when dapaglifiozm is wsed as add-on therapy 1o insulin phis oral
anti diabetic therapy, with 25.0-292% of dapaghflozin-treated patients reportmg hypoglyecacmia
compared with 13 0% of those receiving placebo.

Renal Functien

Given the mechansm of SGLT: mhibttors, renal montormg bas been performed o climcal trmls fo
wentify any potential changes m renal function resulting from therapy., Short-term trals with
dapaghflozin have not identified any clinicallv significant changes in renal function or electrolyre levels
o date. Fourteen days of treatment showed no clinieallv meaningful changes in estimated glomerular
filiration rate or m 24-hour wrme excretion of electrolyies. Dapaghflozin has demonstrated a diurehic
effect m clmical tnals as evidenced by an mereased 24-hour wrmary output volime rengmng from 107 to
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470ml above baselne in dapaglifiozin-treated patients. The diuretic effect of dapagliflozin has been
associated with an ohserved mean decrease in svstolic blood pressure ranging from =26 to -6.4 mim Hg in
one study. Although this could be a theoretical benefit in patents with T-DM. hvpolension is 3 potential
concem, with up to 2% of dapaghiflozin-treated patients reporting a hyvpotensive event. However, it 15
inportant to note that m this study 2% and 4% of placebo and metformin treated individuals, respectively,
experienced a hypotensive event, Increased magpesinm and decreased uric acid levels have also been
reported with treatment. Satety data from long-term clinical trials are needed to finther determine the
safety of SGLT; mhibition m terms of renal funetion.

Oiher Potential Events

Other potential adverse events associated with SGLT: imhibition are uringry tract infections (UTTIs) and
genital wmfections secondary to meoreased glucosuria. In the study conducted by List and colleagues, 5—
12% of dapagliflozm-treated patients reported a UTL compared with 6% of placebo treated and 9% of
metformin-treated patients. Genital mfections occurred in 2-7% of those m the dapagliflozin group, with
no infections reported in placebo-treated participants and 2% of those receiving metformin reporting such
an event. In a 24-week studv, UTI rates were sumlar i dapagliflozin treated patients (4.4-8.1%%) when
compared with those recerving placebo (8.0%). However. pemtal mfections ocoured more frequently in
those receiving dapaphiflozin versus placebo (8-13.1% vs 5.1%, respectively). The relationship between
SGLT- mhibitors and such infections warrants further study in long-term trials to determine the risk of
LTI and genital infections with prolonzed Thmpy_”

CONCLUSION

SGLT: whibitor represents a highly promising, novel class of oral agents for the treatment of T2DM.
SGLTs inlubitors may occupy a unique position as antidiabetic drugs. Their unique mechanism of action
provides an improvement in both fasting and postprandial hyperglycaemia without mereasme insulin
secretion or cansing weight gam. hypoglycaenia, gastromiestinal side effects or fnid retention. SGLT
mhibitors would be expected to be beneficial i the treatment of type 2 diabetes as monotherapy or in
combination with other hvpoglyeemic agents or msulin. Furthermore, because of their potential role in
weight loss, they would be very appealing to patients and medwally wseful in the treatment of vpe 2
diabetes and associated commbid conditions such as hypertension amd dyslipidacmin. An effective amd
highly specific mbibition of SGLTs of dapaglifiozin making once daily treatment feasible, effective and
safe. Hence, these agent should be considered as alternative to the second-line diabetes therapies in
patients with adeguately comtrolled glveemia treated with monotherapy.
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Figure 1: Angiotensin IT, Epidermal Growth Factor And Sodinm-Hypothetical Role of Glucose

Transporier
ANG Il = Angiotensin [, DAG = dincyiglyeerol, EGF = epidermal growth factor, PIF2 = phosphatidylinositol 4.
Esbasphospharte.
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Figure 2: Chemical Structure of Dapagliflozin
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