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Introduction
The sodium/glucose co-transporter (SGLT) is a new class of
antidiabetic drugs. These drugs act on a unique target in kidneys
causing loss of glucose in urine. The glucosuric effect is produced
by inhibition of the renal Na/glucose co-transporter that will lead
to a unique hypoglycemic, hypotensive and favourable weight
loss. For this novel mechanism of action, SGLT inhibitors can be
used for both type 1 and type 2 diabetic cases. Drug discovery
and introduction of new SGLT inhibitors is still growing and
more drugs are expected to be introduced. This is enforced by
the high selectivity and efficacy of the novel inhibitors.

Diabetes
Diabetes mellitus (DM) comprises chronic sugar toxicity due to
loss of control on the blood sugar level. The human pancreas
secretes two important hormones that control the blood
glucose level. The first is insulin which lowers the blood glucose
level. In contrast, glucagon increases the level of blood sugar.
Disturbance in the pancreatic function or peripheral response
to pancreatic hormones will lead to diabetic conditions (Figure
1). There are two main types of DM. Type 1 DM (insulin
dependent DM) in which there is progressive loss of pancreatic
beta cells leading to loss of endogenous production of insulin.
Therefore, patients of this type will depend on external source
of insulin during the rest of their lives. In type 2 DM, there is
normal or subnormal levels of endogenous insulin. However,
the peripheral tissues are devoid of sufficient response
to insulin action (insulin resistance). The complications of
diabetes include microvascular and neurological complications
that interfere with major body functions and causing disorders
as retinopathy, renopathy, cardiopathy, neuropathy and other
complications [1-3].

Treatment of DM
Type 1 DM
Insulin is the choice for type 1 DM. The required dose of insulin,
frequency and type of insulin are determined on individual bases.

Type II diabetes
Oral hypoglycemics, diet restrictions, exercise and/or insulin are
required for type 2 DM (Table 1).
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Role of Kidney in Glucose Homeostasis
Kidney is a major organ in glucose homeostasis. The normal
kidney reabsorbs the filtered glucose into the circulation. It is
estimated that about 180-220 gram of glucose are reabsorbed
into the circulation again after being filtered from the blood [4].
This function is managed by an efficient glucose transport system
in the renal tubules. This system includes two important glucose
transporters called sodium/glucose co-transporters (SGLTs). There
are two main types of SGLTs involved in glucose transport, SGLT1
and SGLT2. The differences between these two transporters are
summarized in Table 2.

SGLT inhibitors
SGLT inhibitors act by inhibiting SGLT leading to loss of glucose in
Table 1. Hypoglycemic agents for type 2 DM.
Hypoglycemics
1. Insulin sensitizers

Action

Examples

Decrease liver glucose output
and increase sensitivity to
Metformin
insulin
Enhance the sensitivity of
Thiazolidinediones peripheral tissues to insulin
Pioglitazone
action
2. Insulin secretagogues
Sulphonylurea
Stimulate secretion of insulin
Clibenglamide
DPP-4 inhibitors
and incretin
Stimulate insulin secretion
Vildagliptin
analogues
3. Enhance low glucose absorption or increased excretion
Alfa glucosidase
Prevent digestion of
Acarbose
inhibitors
carbohydrates in gut
New class of antidiabetic drugs
Dapagliflozin,
SGLT inhibitors
act by prevention of renal
canagliflozin
reabsorption of glucose
Biguanides
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Table 2. The major differences between SGLT1 and SGLT2.

Location in
kidney
Capacity
of glucose
transport
Affinity of
glucose binding
Contribution
to glucose
reabsorption
Organs of
highest
expression level
Result of
inhibition

Sodium glucose co-transporter1
(SGLT1)

Sodium glucose co-transporter2
(SGLT2)

In S3 segment of proximal tubules

In S1 of proximal tubules

Low capacity

High capacity

High affinity

Low affinity

~10%

~90%

Intestine

Kidney

Diarrhea

Glucosuria

Structure and function of normal pancreas

Diabets
Body cells Pancreas

Carbohydrates

Pancreatic
duct

Stomach
Glucose
Fat

Interstline and renal cells
Fat cell
Liver Musel Fat storage
tissue e cell
Type II diabetes
Due to resistances to insulin actions in the
peripheral tissues

Pancreas

Pancreatic
cells
Digestive cells produce
digestive enzymes

Islet of Langerhans
secrete glucagon and
insulin

Pancreatic hormons

Type I diabetes
Lack of Insulin due to destruction of Beta cells

Glucagon
Glucagon
raises
glucose
levels in the
blood

Insulin
Insulin lowers
glucose levels in
the blood

Figure 1 The physiological and pathological aspects of pancreatic endocrine function.

urine. The action of SGLTs is depending on the amount of filtered
glucose. Therefore higher amount of glucose loss is expected
during glucosuria. The concept of SGLT inhibition and its
related antidiabetic effect was introduced in 2001 [5]. The
first compound known to inhibit glucose reabsorption was
phlorizin (isolated from the bark of apple tree), which was
used as antipyretic and induced glucosuria. Several phlorizin
derivatives were tested for their antidiabetic efficiency
[5]. This concept was first introcduced and followed by
extensive drug discovery studies to find new SGLT inhibitors
(Fujimori et al., 2008; Gao et al., 2010; Katsuno et al., 2007;
Meng et al., 2008; Nomura et al., 2010; Ohsumi et al.,
2003; Tsujihara et al., 1996; Tsujihara et al., 1999; Zhou et
al., 2010). Recently, three SGLT inhibitors are approved for
clinical use in treatment of DM, dapagliflozin, canagliflozin
and empagliflozin (Figure 2) [6,7]. Other SGLT inhibitors
under preclinical studies include ipragliflozin, sergliflozin
remoglilozin, , and tofogliflozin [8].

2

Development of New Inhibitors
Drug discovery is the only reliable way to combat the infectious
and noninfectious disease by using various in silico and in
vivo techniques. In this context, mechanisms that are unique
to the foreign organism or affected in the host at very low
concentrations can be targeted to combat diseases [9-12].
SGLT inhibitors showed extensive drug discovery studies that
lead to discovery of hundreds of new SGLT inhibitors and
many other are still under development. The wide variety of
chemical modifications and its favourable inhibitory properties
accounts for the growing repository of SGLT inhibitors.
in the development of new SGLT inhibitors, two critical
measurements are to be considered. The first is the potency
of SGLT2 inhibition and the second is the selectivity of SGLT2
over SGLT1. The desired drugs could have higher selectivity
for SGLT2 to avoid the side effects produced after inhibition
of SGLT1. Table 3 summarizes the inhibitory properties and
selectivity of some SGLT inhibitors (the best compound in each
group).
This article is available in: www.medt.com.es
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Figure 2 SGLT inhibitors.
Table 3. Examples of SGLT inhibitors drug development trials.
Nature of chemical modifications
L-rhamnose derived acyclic
C-nucleosides
C-glycoside with
benzyltriazolopyridinone and
phenylhydantoin
C-glycoside with azulene rings
gem-difluoromethylenated
Dapagliflozin analogs
C-indolylxylosides
ortho-Substituted C-aryl glucosides
C-glycoside with
thiadiazolylmethlphenyl derivatives
C-aryl glucoside with
Pyridazinylmethylphenyl congeners
C-5-spirocyclic C-glycoside
C-5 spirocyclization
O-spiroketal C-arylglucosides

SGLT IC50
(nM)

Selectivity (fold)

Reference

314.6

2.3

[13]

33 and 10.9

1750

[14]

22

590

[8]

0.35

[15]

2.4
0.3

247
3300

[16-20]
[15]

3

-

[21]

11.4
3.4
3.4
3.8

© Under License of Creative Commons Attribution 3.0 License

[22]
1500
1500
184

[23]
[14]
[24]
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