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Abstract

SGLT-2 inhibitors are a novel class of anti-diabetic agents and glucose lowering drugs that reduce plasma glucose levels by
inhibiting glucose reabsorption in proximal convoluted tubules of kidney and thus resulting glucosuria. Their effects
consequently include reductions in HbAlc, blood glucose levels, and blood pressure, but also reductions in body weight and
adiposity. The ability to reduce body weight is consistently observed in individuals taking SGLT2 inhibitors, but this weight
loss is moderate due to counter-regulatory mechanisms striving to maintain body weight. Apart from maintaining glucose
homeostasis they exert a number of positive effects on the cardiovascular system like weight loss, decreasing blood pressure,
preserving renal function, reducing triglycerides, natriuresis and improving endothelial dysfunction. In large clinical trials,
all the three prototype agents — empagliflozin, canagliflozin and dapagliflozin have shown reductions in major adverse

cardiovascular events.
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INTRODUCTION
Diabetes
Diabetes is a group of metabolic diseases characterized by
hyperglycemia and microvascular and macrovascular
complications caused by insulin secretion defect and/or its
biological function disorder [3.Type 1 diabetes
mellitus (T:DM) presents many challenges for patients and
prescribers when trying to control blood glucose levels.
The lack of novel treatment options, coupled with the
challenges of long-term insulin therapy, makes it difficult
for patients with T:DM to reach and maintain hemoglobin
Asc goals, which increases the risk of complications [*5],
Among the drugs currently being tested as adjuncts to
insulin therapy in randomized clinical trials (RCTS),
sodium glucose co-transport-2 (SGLT2) inhibitors appear
promising because they are unique and independent of the
mechanism of action of insulint®l,
Type 2 diabetes mellitus (T.DM) patients with incident
stroke have a higher risk of mortality than those with
diabetes alone [, Sodium-glucose cotransporter 2
(SGLT?2) inhibitors are a novel class of oral hypoglycemic
agents for the treatment of T2DM that have a unique
antidiabetic mechanism that inhibits the proximal renal
tubule’s reabsorption of glucose and sodium, thus
reducing the level of blood glucose [®.Sodium-glucose
cotransporter 2 (SGLT2) inhibitors, which block glucose
reabsorption in the kidneys, represent a novel class of non-
insulin  glucose-lowering medication used in the
pharmacological therapy of type 2 diabetes mellitus
(T2DM). They became available after the introduction of
incretin-based therapies with glucagon-like peptide-1
receptor agonists (GLP-1 RAs) or dipeptidyl peptidase-4
(DPP4) inhibitors [,

Obesity

Overweight and obesity are major risk factors for several
diseases, such as hypertension, dyslipidaemia, type 2
diabetes, cardiovascular disease, osteoarthritis, obstructive
sleep apnoea, fatty liver disease cancers and other

diseases!™!!. In addition, various musculoskeletal,
respiratory, renal, gastrointestinal, and psychiatric
complications are linked to obesity!*>3, Moderate weight
loss (5% of body weight) can improve glycaemic control
and insulin homeostasis and mitigate cardiovascular risk
factors associated with overweight and obesity!*4l.
Sodium-glucose transporter 2 (SGLT2) inhibitors are a
novel class of oral therapeutic medications that have been
approved for the treatment of type 2 diabetes mellitus by
the Food and Drug Administration (FDA) 1, SGLT2
inhibitors have been shown to be successful in improving
glycaemic control and lowering body weight [26],

Role of SGLT: inhibitors

Diabetes:

The progressive nature of T2DM usually requires
combinations of differently acting agents to maintain
glycaemic control when monotherapy is inadequate*”-2%
SGLT2 inhibitors act independently of insulin to eliminate
excess glucose in the urine (i.e. increase glycosuria). They
do this by inhibiting the SGLT2 transporter in the Kidney,
which normally reabsorbs most of the glucose from the
renal filtrate.

SGLT2 inhibitors act to potentiate this effect, thereby
enhancing elimination of excess glucose. The caloric loss
associated with this glycosuria assists weight loss, and a
modest osmotic diuresis can facilitate a small decrease in
blood pressure. The term “glucuretic”’ may therefore
usefully describe the effects of SGLT2 inhibitors (by
analogy with diuretic for fluid elimination). Since SGLT2
inhibitors do not stimulate insulin secretion or action, and
their effect diminishes as blood glucose levels fall, they do
not cause hypoglycaemial?>-22,

SGLT1 is responsible for dietary glucose and galactose
absorption but has a much lower capacity than SGLT2 for
glucose absorption. SGLT1 is found predominantly in the
gut, but is also located in S2-3 of the convoluted tubule,
whereas SGLT2 is expressed solely in the S1 segment of
the proximal convoluted tubule [23-24],
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lucose transport across cell membranes:

Glucose is an essential fuel source for cellular metabolism.

The glucose molecule is highly polar and does not cross

the lipid bilayer that comprises the plasma membrane of

all living cells. Because of this, membrane proteins that
facilitate glucose transport from the extracellular to the
intracellular space are pivotal for glucose movement
across cell membranes. Two distinct classes of glucose

transporters exist in the human body 25261,

1) Facilitative glucose transporters (GLUT), a family of
proteins that passively facilitate glucose movement
from the extracellular to the intracellular space along
its chemical gradient and, thus, do not consume
energy?21,

2) sodium-glucose cotransporters (SGLT), a family of
proteins that actively transport glucose across cell
membranes against its concentration gradient, thereby
requiring an energy source for their action.

SGLT couple glucose with sodium transport into the
cell®>21 Because sodium is transported along its
electrochemical gradient, it provides the energy required
for SGLT to transport glucose against its concentration
gradient into the cell. SGLT mediate glucose transport
across the intestinal lumen and across the epithelial cell in
the proximal renal tubulet?™,

Filtration of glucose by the kidney:

The kidney plays a pivotal role in the regulation of the
plasma glucose concentration. Approximately 180 litres of
plasma with a glucose concentration of approximately 90
mg/dl are filtered by the glomeruli every day. The filtered
plasma, in addition to water, salts, and amino acids,
contains approximately 162 g of glucose each day. In
normal glucose-tolerant subjects virtually all of this
glucose is completely reabsorbed in the proximal tubule.
The net result is that no glucose is excreted in the urine.
Glucose transport from the lumen across the apical
membrane of the epithelial cell occurs against a
concentration gradient and, therefore, requires an active
transport process. The early convoluted segment (S1) of
the proximal tubule reabsorbs approximately 90% of the
filtered renal glucose. This is accomplished by the high-
capacity, low-affinity SGLT2 transporter. The remaining
10% of the filtered glucose is reabsorbed by the high-
affinity, low-capacity SGLT1 transporter in the distal
straight segment (S3) of the proximal tubule?®??, Both
SGLT1 and SGLT2 couple glucose transport to the
sodium gradient, and the sodium electrochemical gradient

generated by active sodium transport provides the energy
required for glucose transport. After glucose has been
transported into the renal proximal tubular cell by the
SGLT2 transporter, the sugar exits the basolateral cell
border via the GLUT2 transporter. The maximum glucose
transport capacity (Tm) of the proximal tubule varies
between individuals and, on average, has a value of
approximately 375 mg/minl?él. Because the filtered glucose
load is less than 375 mg/min in nondiabetic subjects, all of
the filtered glucose is reabsorbed and returned to the
circulation (Fig. 1).

(180 L/day) (900 mg/L) = 162 g/day

NO
GLUCOSE

( Fig. 1) Renal tubular regulation of glucose
reabsorption

The amount of filtered glucose is directly related to the
plasma glucose concentration. If the filtered glucose load
exceeds 375 mg/min, as may occur in T2DM subjects, the
Tm is exceeded, and all glucose in excess of the Tm is
excreted in the urine (Fig. 2).The plasma glucose
concentration at which the filtered glucose load reaches
375 mg/min is called the threshold. When the threshold is
exceeded, the glucose excretion rate increases linearly and
parallels the filtered load. The reabsorption and excretion
curves display a nonlinear transition as the Tm for glucose
is approached (Fig. 2).
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(Fig.2) Glucose reabsorption and excretion by the
kidney

Sodium-Glucose co-transporters:

Only the SGLT1 and SGLT2 have been well characterized
in man, and their role in gut and kidney glucose transport,
respectively®’l, The SGLT1 gene was first cloned from an
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intestinal rabbit cDNA library!?®l. The human SGLT1 gene
is located at chromosome 22 13.1 and spans 72 kb of
genomic DNAEY, 1t is highly conserved throughout
evolution, and more than 55 members of SGLT1 have
been described in bacteria, yeast, invertebrates, and
vertebrates.The human SGLT1 gene encodes a 670-amino
acid protein, the SGLT1 transporter, which is found in the
intestinal mucosa where it transports glucose and galactose
from the intestinal lumen across the intestinal mucosa.
SGLT1 is also expressed in the S3 segment of the renal
proximal tubulel®d, SGLT1 transports both glucose and
galactose with similar affinity for both molecules. It has a
glucose/galactose to sodium stoichiometry of 2:1 (Table 1)
and possesses a high affinity for both glucose and
galactose (Km = 0.2 mM) but a low transport capacity
(Tmax = 2 nmol/mg protein . min)[2,

Tablel: Anatomical location and biochemical
characteristics of the SGL1 and SGL transporters
SGL: SGL»

Ss segment of
proximal tubule

S1 segment of

Renal location b
proximal tubule

Gut, heart, RBC

Extrarenal location Brain, Liver

sugar selectivity ggf;gfjsg Glucose>>Galactose
Na/glucose 12 11
stoichiometry High (0.4mM) | Low (2mM)

Glucose affinity
Glucose transport

capacity Low (2nmol/mg .

min)

High (10nmol/mg .
min)

Clinical syndrome
resulting from
mutation

Diarrhoea Glucosuria

The SGLT2 gene is located at chromosome 1321, and it is
expressed primarily in Kkidney cortex??l, The SGLT2
transporter also is expressed at low levels in the brain and
livert8l, 1t is the principal glucose transporter in the renal

proximal tubule, and it is highly selective for glucose over
galactose. It has a low affinity for glucose (Km =2 mM)
with high transport capacity (Tmax =10 nmol/mg protein .
min), and it transports one glucose molecule for every
sodium ion.

Obesity:

Clinical effect of SGLT: inhibitors:

In addition to glucose control, SGLT2 inhibitors have been
shown to have beneficial effects on body weight, systolic
blood pressure, and on the risks for major cardiovascular
and renal events.

Glycemic control:

SGLT2 inhibitors have shown consistent reductions in
HbAlc levels from baseline in patients with T2D.clinical
trials examining the effects of SGLT2 inhibitors in HbAlc
in overweight or obese subjects without T2D are limited
(Table.2).

BMI body mass index, SBP systolic blood pressure, UGE
urinary glucose excretion, LDL-C low density lipoprotein-
cholesterol, HDL-C highdensity lipoprotein-cholesterol,
IWQOL Impact of Weight on Quality of Life, TG
triglycerides, FPG fasting plasma glucose, VAT visceral
adipose tissue, SAT subcutaneous adipose tissue, TAT
total adipose tissue, 2-h PG 2-h post-OGTT plasma
glucose, IFG impaired fasting glucose, | reduction, 1
increase, =no change.

The glucose-lowering capacity of SGLT2 inhibitors is
blood glucose-dependent ™1 which  minimizes
hypoglycemic events. The plasma glucose concentration is
mainly determined by hormonal and neural factors (like
insulin, glucagon, and catecholamines), which regulate
endogenous production of glucose 2,

SGLT2 inhibitors stimulate hepatic glucose production
and also increase glucagon secretion, which promotes
endogenous glucose production and restricts their glucose-
lowering capacity™?l,

Table 2 Effects of SGLT2 inhibitors on body weight in obese individuals without type 2 diabetes

. Bodyweight
Reference, year Duration Treatment arms change from Other effects
(week)
baseline (kg)
11 | BMI, SBP
S Placebo o TUGE/creatinine ratio, LDL-

ggl';ﬂﬂ?] inhibitors Bays et al. 12 Canaglifozin 50 mg Canaglifozin B ;g C/HDL-C, IWQOL-Litetotal

100 mg Canaglifozin 300 mg B 2'4 scores = TG, HDL-C, FPG,

) HbAlc, pulse rate

Placebo-diet (— 500 cal) -5l | Fatmass
Napolitano et al. 20140 8 Remoglifozin eta_bore_ite 250 mg+diet | _ 7.6 fat free mass,leptin/ adiponectin

(— 500 cal) Serglifozin etaborate + UGE

1,000 mg-+diet (— 500 cal) 61

. . Placebo -1.0 o
- [37]
Ramirez-Rodriguez et al. 2018 12 Dapaglifozin 10 mg ~30 | FPG, uric acid
| VAT, SAT, TAT, HbAlc, 2-h
SGLT2 inhibitors +GLP1-RA o4 Placebo -04 PG, IFG, SBP 1 UGE = total
Lundkvist et al. 20165¢ Dapaglifozin 10 mg+Exenatide 2mg | — 4.5 lean tissue, liver fat, serum
lipids

Lundkvist et al. 2017 ¥ 52 Dapaglifozin 10 mg+Exenatide 2 mg | —5.7

Placebo : gg | SBP 1 Pulse rate
SGLT2inhibitors+phentermine 2 Canaglifozin 300 mg Phentermine _ 4‘1 (Phentermine,
Hollander et al. 201749 15 mg Canaglifozin+Phentermine : Canaglifozin+Phentermine) =

15 mg 73 plasma lipids
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Effects on body weight and adiposity:

SGLT2 inhibitors directly cause body weight loss via
glucose excretion (calorie loss) in the kidneys. Inhibition
of SGLT2 acts in a glucose-dependent manner and can
result in the elimination of about 60-100 g of glucose per
day in the urine. SGLT2 inhibitors cause substantially less
weight loss than expected from the energy excreted via
glycosuria, because it elicits an adaptive increase in energy
intake, including compensatory  increases in
appetite/caloric intakel¥. Therefore, combining SGLT2
inhibitors with drugs acting via different mechanisms
might be the most effective approach for major weight loss
and address counter-regulatory mechanisms that maintain
body weight 1491,

In patients with T2D or with obesity without diabetes,
SGLT2 inhibitor-induced glycosuria lowers plasma
glucose and insulin levels and raises fasting and post-meal
glucagon concentrations. The reduction in the circulatory
glucose concentration, together with the hormonal
changes, results in mobilization of lipid storage [“61. This
leads to changes in energy substrate use, favoring the
utilization of lipids for energy production ©1. Under
conditions of reduced portal insulin-to-glucagon ratio,
lipolysis increases in adipose tissue and releases non-
esterified fatty acids which are converted to ketone bodies
in the liver through mitochondrial beta oxidation and
ketogenesis“®l, resulting in a metabolic condition
resembling a prolonged fast [*°].

Reduction of inflammation in adipose tissue would be
especially important in obesity, as low-grade chronic
inflammation in adipose tissue is an important mediator in
the development of obesity-related complications, such as
insulin resistance and T2D[50,

Sodium Glucose co-transporters2 inhibitors (SGLT2i )

Reabsorption of glucose in proximal convoluted tubule
(PCT) is achieved by passive transporter, facilitative
glucose transporter (GLUT) and active co-transporter,
sodium glucose co-transporter (SGLT)(Y.  SGLT2
inhibitors inhibit the SGLT2 present in PCT which
prevents reabsorption of glucose and enhances the
excretion of glucose in urine (Fig.3).As glucose is
excreted in urine, the glucose level in the blood is
maintained and other glycaemic parameters are maintained
152, All new antidiabetic agents have to present effective
results on glycemic control to apply for marketing
authorization. The SGLT2i have completed a series of
phase 11, double blind, placebo-controlled trials that
examine the glycemic effect when added on -either

treatment-naive patients, or patients treated with
metformin, SU, TZD, DPP4i, GLP1-RA or basal insulin
as monotherapy.

S1 Segment of PCT

SGLT2

S$2/S3 Segment of PCT

SGLT2 |

Inhibitor M

SGLTI

90% Reabsorption

10% Reabsorption ‘
of Glucose

of Glucose

f In excretion of
glucose in urine

]
%nwmﬁ -

Fig.3. Schematic representation of mechanism of action
of SGL Tz inhibitors.

l In Reabsorption of glucose
into blood stream

—>

The available molecules in this category are Canagliflozin,
Dapagliflozin, Empagliflozin, Ipragliflozin, Luseogliflozin
and Tofogliflozin B3, Phlorizin®®4, SGLT2 inhibitors are
used in monotherapy or in combination with metformin,
sulfonylurea or thiazolidinediones or as add on with
insulin(s!

Phlorizin

The first molecule identified as interfering with SGLT2
was phlorizin, isolated from the bark of apple trees in 1835
and initially studied as an antipyretic agent.The finding of
major glycosuria in these experiments lead to improved
insights on glucose reabsorption. Phlorizin blocks the
action of both SGLT1 and SGLT2 by binding to the
aglucone binding site and the glucose-
binding/translocation site of the SGLT2
molecule®l.Subsequent studies in the 1950s focused on
the cellular mechanism of phlorizin action and
demonstrated that lower concentrations of phlorizin
blocked facilitated glucose transport in erythrocytes,
kidney, and small intestinet®. The glucosuric action of
phlorizin resulted from inhibition of active glucose
transport in the apical membrane of the renal proximal
tubule 5% 57 581 Phlorizin competitively inhibits both
SGLT1 and SGLT2 in the proximal tubule with a higher
affinity (10-fold) for the SGLT2 vs. SGLT1 transporter
and, when given to normal subjects, produces glucosuria
that resembles familial renal glucosuria .

Table 3: Advantages and disadvantages of SGLT:-inhibitors

Advantages

« Improved glucose control, independent of
insulin secretion or action

« Significant weight loss, reduction of fat mass,
beneficial effect on adipose tissue distribution
* Blood pressure reduction

* Low risk of hypoglycemia

Disadvantages

« Less effective in advanced renal failure (eGFR<60mI/min 1.73m?3).
« Increased urinary tract infections

* Increased genital infections
* Risk of dehydration
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Firstly, after oral administration, the majority of phlorizin
is converted to phloretin in the gut by the enzyme
disaccharidase [%; therefore, the bioavailability of oral
phlorizin is very low (15%). Secondly, phloretin, a
metabolite of phlorizin, is a potent inhibitor of both
GLUT2- and GLUT1- mediated glucose absorption across
the brush-border membrane of the gut. At high plasma
concentrations, it can inhibit insulin secretion and insulin-
stimulated glucose transport. Lastly, phlorizin has low
selectivity for SGLT2 compared with SGLT1 . Thus,
gastrointestinal side effects are frequent after phlorizin
administration. Because of these limitations of phlorizin,
other compounds with greater bioavailability after oral
administration and higher selectivity for SGLT2 compared
with SGLT1 have been developed.

T-1095

T-1095 is a phlorizin derivative with higher bioavailability
after oral administration 51, It was developed by Tanabe
Seiyaku Co. by the addition of a methyl-carbonate group
to phlorizin to prevent its degradation in the gut by
glucosidase.T-1095 is a prodrug and, after its oral
administration, is metabolized in the liver to T-1095A, the
active form of the compound.T-1095A acts on the
proximal tubule to inhibit SGLT2 and produce glucosuria
(61, The prodrug, T-1095, also inhibits SGLT1 and, after
its oral administration, has the potential to inhibit the
intestinal SGLT1 transporter. Therefore, the major
hypoglycemic action of T-1095 results from inhibition of
SGLT2 by its active metabolite. Kinetic analysis of the
inhibition of SGLT2 with T-1095 demonstrated that T-
1095 causes glucosuria by decreasing the Tm for glucose
reabsorption in the proximal tubule (621,

However, because of the nonselective nature of the drug
and concerns over its safety, T-1095 was discontinued
after phase Il clinical trials.

Dapagliflozin

Preclinical trials have shown that dapagliflozin is a highly
selective SLGT2-inhibitor, leading to a dose-dependent
glycosuria and significant reduction in blood glucose
levels compared to controls(®l. It has greater efficacy in
inhibiting renal glucose reabsorption and possesses greater
selectivity for SGLT2 vs. SGLT1 compared with both T-
1095 and Serglifozin. The favourable pharmacokinetic
profile and the similar beneficial results in infusion-
induced hyperglycemia in healthy subjects lead to further
clinical development[®4,

Glycemic control

Dapagliflozin improves glycemic control in patients with
T2DM when used as monotherapy, or when added to
metformin, glimepiride or insulin . Beneficial effects are
shown both on fasting plasma glucose, postprandial
glycemia as HbA1. An active-controlled, non-inferiority
trial randomized patients with T2DM in monotherapy with
metformin, to add-on dapagliflozin or the sulfonylureum
glipizide and showed similar 52-week glycaemic efficacy
(HbA1c reduction of 0.52%, 95% CI 0.44% to 0.60%) [°],
Weight loss and body composition

In addition to improvements in glycaemic control,
dapagliflozin therapy is also associated with beneficial
reductions in total body weight. Glycosuria of 70-80 g a

day, induced by dapagliflozin represents a net calorie loss
of approximately 200-300 kilocalories per day 1. Using
dual energy x-ray absorptiometry (DEXA), it has been
shown that the observed weight loss mainly appears to be
reduction of fat mass (FM).

Renal impairment

No detrimental effects on kidney function are to be
expected on theoretical bases, but it is logical that the
glucose-lowering potency of dapagliflozin will be
dependent on filtration rate. In patients with moderate
renal impairment, the degree of inhibition of glucose
reabsorption caused by dapagliflozin remained unaltered.
However, the overall renal glucose clearance was declined
due to the decreased eGFR, leading to a smaller
intraluminal glucose concentration for a given plasma
glucose concentration.

Therefore, the additional effect of SGLT2-inhibtion
appears to be limited in patients with renal impairment and
interventions with dapagliflozin should be reserved for
patients with a GFR greater than 60mL/min (67 68],
Serglifozin

It is a more potent inhibitor for renal glucose reabsorption
than T-1095 59, Importantly,sergliflozin also has a higher
selectivity for human SGLT2 [, Similar to T-1095,
sergliflozin is converted in vivo to an active metabolite,
sergliflozin A %% . However, unlike phloretin (a phlorizin
metabolite), neither sergliflozin A nor T-1095A exerts any
significantinhibitoryeffect on GLUT2.In a single-dose
pharmacodynamic/pharmacokinetic ~ study in  man,
sergliflozin caused a dose-related (5, 15, 50, 100, 200, and
500 mg) glucosuria under fasting conditions and after
glucose loading ™ . However, it is possible that further
dose escalations would have caused a greater increase in
24-h glucose excretion because it is clear that the
maximally effective dose of sergliflozin was not achieved.
Like T-1095, sergliflozin has been discontinued after
phase 11 clinical trials.

Canagliflozin and empagliflozin

Canagliflozin and empagliflozin are also high selective,
well absorbed SGLT2-inhibitors. Empagliflozin has the
highest selectivity for SGLT2 over SGLT1 (>2500-fold),
followed by  dapagliflozin (>1200-fold) and
canagliflozin(>250-fold)["2. In preclinical studies, a single
oral administration of canagliflozin 3 to 30 mg/kg lead to
areduced threshold for glycosuria, decreased postprandial
glucose levels and a significant decline of HbAlc
compared to placebo > 71, Also in healthy subjects,
canagliflozin reduced the renal threshold for glucose
reabsorption, increased the urinary glucose excretion,
reduced plasma glucose and caused weight loss [, In a
double blind, randomized control Phase I, trial,
canagliflozin was studied in patients with inadequate
glycaemic control on insulin.High dose canagliflozin
significantly induced body weight reduction of 2.0 to 2.9
kg versus 0.8 kg in placebo (p<0.001) 75 761,

When used as add on to metformin, empagliflozin showed
similar reductions in HbAlc compared to the DPP4-
inhibitor sitagliptin (0.34 to 0.63% in empagliflozin
groups, 0.40% in sitagliptin), but a significant difference
in body weight reduction (3.14 to 4.03 kg in empagliflozin
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groups, 0.41 kg in sitagliptin) '), The number of adverse
events of canagliflozin and empagliflozin seem to be
similar to the adverse events seen with dapagliflozin.
Combination therapy with SGLT: inhibitors:

The anticipated weight loss with SGLT2i is less than
expected, possibly explained bycompensatory increase in
food intake. It therefore seems logical to combine SGLT2i
with anorexigenic drugs.

With phentermine

Phase-Il trial of the combination of phentermine 15 mg (an
appetite suppressant) with canagliflozin 300 mg in
individuals without diabetes showed greater weight loss
with combination therapy than with use of either agent
alone [81,

SGLT?2 inhibitor in combination with a drug that reduces
food intake is appealing as a mean to mitigate the
physiologic mechanisms that counteract weight loss
(Fig.4)"1,

Such combination pharmacotherapy may achieve greater
reduction of body weight in two ways. First, the increased
food intake evoked by energy loss during SGLT2
inhibition could partly be prevented by an appetite-
reducing therapy. Second, the reduced cellular energy
expenditure occurring after weight loss achieved by an
appetite-reducing drug may be balanced by the urinary
caloric loss secondary to glucosuriaf®,

Further support for the combination of an SGLT2 inhibitor
with agents that reduce appetite (and/or increase satiety) is
provided by a clinical trial of canagliflozin and
phentermine, given either in combination or each drug
alone. It would be of interest to further explore
combination therapies involving an SGLT2 inhibitor
together with an agent that reduces food intake.

SGLT2 inhibitors increase glucagon secretion according to
some reports, and this might reduce the glucose lowering
effect®l,

Stable overweight at baseline

1 Energy intake (EI)
- ppetite/sati &

(e.g. GLP1-RA)

Fi
A

i
i)
Combination
SGLT2-i + Food intake inhibitor

-==> compensatory effect

—> primary effect

| energy expenditure (EE)

‘ energy intake (El)

L/

Weight loss after combination treatment

Fig.4: Effect of SGLT: inhibitors in combination with a
drug that reduces food intake on energy intake and
energy expenditure and compensatory effects

Introduction of SL T inhibitors for clinical practice:
Diabetes:

In April 2012, the Committee for Medicinal Products for
Human Use (CHMP) of EMA approved dapagliflozin 5
mg and 10 mg for the treatment of T2DM in monotherapy
or as addon in case of insufficient glycemic control with
oral antidiabetics or insulin. Dapagliflozin will be
distributed under the brand name Forxiga. Because
increased glycosuria results in caloric loss, the glycosuric
agents can be expected to yield weight loss along with a
reduction in plasma glucose levels. With these properties,
the SGLT2 inhibitors have the potential for use throughout
the continuum of diabetes treatment. Although
dapagliflozin has proven its effect in different stages of the
disease, we expect that dapagliflozin will mainly be used
as add-on to oral antidiabetics or insulin.When
dapagliflozin is used in combination with sulfonylureas or
insulin, a timely reduction of the dose of sulfonylureas or
insulin is warranted due to the hypoglycemic risk.
Subsequent use of pioglitazone causes an increased risk of
bladder cancer, subsequent use of loop diuretics causes
dehydration (84,

Obesity:

Over the last decade, five anti-obesity medications have
received approval by the US Food & Drug Administration
(FDA), providing promising anti-obesity therapeutic
optionsorlistat, phentermine/topiramate,
bupropion/naltrexone, liraglutide, and more recently,
semaglutide 2%, In February 2020, Lorcaserin was
withdrawn from the US market, as clinical trials showed
an increased occurrence of malignancies [#71. Most of the
FDA-approved anti-obesity medications are administered
orally, except for liraglutide and semaglutide, which
require daily injectable subcutaneous administration(®&-8,
The existing anti-obesity drugs act either in the central
nervous system (CNS) or in the peripheral tissues,
controlling appetite and metabolism.

CONCLUSION:

SGLT2-inhibitors are a promising new class of oral anti-
diabetic agents which reduce hyperglycemia by increasing
urinary glucose excretion independently of insulin
secretion or action.Dapagliflozin is the first highly
selective SGLT2-inhibitor approved by EMA. Several
studies support the concept that SGLT2 inhibitors can be
effective as adjuvant weight loss therapy when given
together with agents that reduce food intake and such
combination treatments appear attractive. SGLT,
inhibitors are most promising tools for the treatment of
diabetes, obesity and we will expect more drugs near
future.
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