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Introduction
Many patients with T2D do not comply with the glycemic con-

trol objectives.1 The main barriers for that are the secondary ef-

fects associated to the drugs available at present, especially the 

hypoglycemia and the weight gain. Therefore, new treatments 

are necessary with differing acting forms, effi cient and lacking of 

limitations.

The kidney performs a key role in the management of the gly-

cemia. In healthy persons, the kidneys fi lter a great quantity of 

glucose through the glomerule (approximately 180 g/day) and re-

absorb actively almost all the fi ltered glucose, mainly due to the 

co-transporter protein of sodium-glucose type 2 (SGLT2). In pa-

tients with T2D, the expression SGLT2 is increased in the epithe-

lial cells of the proximal outlined tubule,2 which entail a greater 

renal reabsorption of glucose, with adverse effects, as they con-

tribute to increase the hyperglycemia. The suppression of the 

SGLT2 activity inhibits the renal reabsorption of  glucose, in-

creases the renal excretion and helps to the reduction of the hy-

perglycemia. Unlike other oral drugs, the SGLT2 inhibitors do 

not stimulate the insulin excretion and, therefore, it is expected 

they prevent the hypoglycemia risk. Moreover, there is a possi-

bility that they favor the loss of weight due to the concomitant 

glucosuria,3 and it is expected that the loss of weight reduces the 

hepatic production of glucose and the glucotoxicity, resulting in 

an improvement at the glycemic level (fi gure 1). 

Though the induction of glucosuria is a concern due to their 

possible effects at long term, this aspect has been evaluated in a 

SGLT2 inhibitor genetic model derived from the fi nalizing muta-

tion (non-sense mutations) in patients with renal glucosuria.4 

These patients do not suffer from abnormalities in the renal func-

tion neither histological alterations, suggesting that the SGLT2 

inhibitors might have an adequate safety profi le.

Development of the SGLT2 inhibitors
The SGLTs are a great family of membrane proteins involved in 

the transport of glucose, amino acids, vitamins and some ions 

through the brush border of the intestinal epithelium and of the 

proximal renal tubule.5 The SGLT1 transporter, of low capacity 

and high affi nity, is mainly expressed in the gastrointestinal tract, 

where it has an important role in the glucose absorption,6 though it 
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Figure 1. Clinical effects of the SGLT2 inhibition. The inhibition of the glucose 
renal tubule reabsorption gives place to glucosuria and a reduction of the 
glucose plasmatic levels. The loss of calories induced by the glucosuria 
causes weight loss and a reduction of the insulin resistance, while the 
reduction of the glycemia reduces the glucotoxicity on the pancreatic beta 
cell, and therefore it preserves the beta-cell function potentially. Modified 
from Idris et al.5
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is only responsible for the renal absorption of 10% of the fi ltered 

glucose. The SGLT2, in turn, of high capacity and low affi nity, is 

mainly expressed in the kidney,5 where it is responsible for the 

90% of the fi ltered glucose reabsorption in the initial part S1 of the 

renal proximal outlined tubule (fi gure 2). There are other members 

of the SGLT family, as SGLT3, 4, 5 and 6, but without known ef-

fects on the glucose renal reabsorption.6 Consequently, the objec-

tive has been to design SGLT2 inhibitor drugs, which are more de-

terminant in the renal absorption of the glucose.

SGLT inhibition: preclinical data
The fl orizine is a classic inhibitor of sodium-dependant glucose 

transporter. However, it has important limitations: in fi rst place, 

it is a strong inhibitor both of SGLT1 and SGLT2, which does 

not allow distinguishing the SGLT1 activity from the SGLT2;7 in 

second place, the oral administration of fl orizine causes glucose 

intestinal malabsorption and causes diarrhea.

Selective SGLT2 inhibition
The SGLT2 selective inhibitors act exclusively on the kidney. This 

effect is translated into a greater glucose renal excretion causing a 

negative energetic balance and without secondary gastrointestinal 

effects. At present, dapaglifl ozin is the one which is in a more ad-

vanced investigation stage.8 Other SGLT29 selective inhibitors 

have also been studied (table 1), but in many of them the investiga-

tion has been suspended10 and about others there is no clinical data 

available.11 Therefore, the data that which commented below will 

refer exclusively to studies performed with dapaglifl ozin.

Dapaglifl ozin. Metabolic effi  cacy 
and eff ects on weight
Dapaglifl ozin has selectivity 1,200 times higher on SGLT2 that on 

SGLT1, contrasting with the results offered by fl orizin, which has 

selectivity only 10 times higher.8 In the human being, dapaglifl o-

zin has proved effi cacy, alone or in combination with metformin, 

in the reduction of the hyperglycemia in patients with T2D.12

Figure 2. Action mechanism of the SGLT2 inhibitors. The sodium-glucose 
co-transporter-2 inhibitors (SGLT2) are expressed in the first segment of 
the proximal outlined tubule and are responsible mostly of the glucose renal 
reabsorption. Modified from Idris et al.5

Table 1. SGLT2 selective inhibitors that have been clinically investigated

Compound Company Phase* Result

Dapagliflozin Bristol-Myers Squibb/Astrazeneca III Compound under more advanced investigation stage 

Not commercialized still for clinical use (see text)

Canagliflozin Mitsubishi Tanabe Pharma and Johnson & Johnson III No clinical data available

Sergliflozin Kissei/Glaxo Smith Kline II Well tolerated

↑ glucose excretion when administered 3 times/day

Suspended investigation

Remogliflozin Kissel/Glaxo Smith Kline II Well tolerated

↓ glycemia

↓ blood pressure

↑ glucose excretion

Without alterations with metformin

Suspended investigation

AVE 2268 Sanofi-Aventis II Well tolerated

Glucose excretion with doses of 600 and 1,200 mg

Suspended investigation

TS-033 Taisho II Suspended by a reserve compound

BI 10773 Boehringer-Ingelgheim III No clinical data available

LX4211 Lexicon II Well tolerated

↑ dose-dependent glucose excretion

ASP-1941 Astellas Pharma Inc. and Kotobuki III No clinical data available

Modified from Aicher et al.9, Colca10 and US National Institutes of Health.11 *More advanced investigation phase achieved by the drug. 
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In a study in which fi ve different doses were evaluated (of 2.5 

to 50 mg/day) during 12 weeks, dapaglifl ozin induced moderate 

glucosuria (52-85 g/day) and demonstrated relevant improve-

ments of the glycemia compared to placebo, with decreases of 

HbA1c of 0.55 to 0.90% and fasting glycemia of 16 to 31 mg/dL. 

Moreover, a weight reduction of 1.3 to 2.0 kg was caused.3

It has also proved its effi ciency in patients under treatment with 

insulin and other oral agents. Wilding et al, evaluated the effects of 

10 to 20 mg of dapaglifl ozin added to oral drugs as metformin and/

or pioglitazone or rosiglitazone, concomitantly with a reduction of 

50% of the insulin dose that the patients used. This study was of 12 

weeks, randomized, double blind and placebo controlled.13 Reduc-

tions of HbA1c of 0.70 and 0.78% occurred after 12 weeks of treat-

ment with dapaglifl ozin 10 and 20 mg, respectively, compared to 

placebo. The changes in the plasmatic levels of the fasting glyce-

mia were of +17.8, +2.4 and –9.6 mg/dL with placebo, 10 and 20 

mg of dapaglifl ozin. The weight evolution was of –1.9, –4.5 and 

–4.3 kg in the placebo groups, 10 mg of dapaglifl ozin and 20 mg 

of dapaglifl ozin, respectively. Though the reduction of the insulin 

dose in 50% gave place to a weight reduction of 1.9 kg in the pla-

cebo group, the treatment with dapaglifl ozin caused a higher pon-

deral reduction after 12 weeks of treatment (–4.5 and –4.3 kg in 

the groups of 10 and 20 mg, respectively).

Finally, a recent study of Zhang et al. (2010)14 proved that the 

SGLT2 selective inhibitor is useful both in early phases and in ad-

vanced phases of the diabetes.4 A total of 151 patients with T2D in 

early phase, most of them diagnosed only 1 year ago, and 58 patients 

with T2D in late phase, most of them diagnosed more than 10 years 

ago, were treated randomly with 10 or 20 mg/day of dapaglifl ozin or 

placebo during 12 weeks. In the patients T2D in early phase, the 

change of HbA1c was of –0.2, –0.7 and –0.5% with placebo, 10 mg 

and 20 mg of dapaglifl ozin, respectively. In the late phase, the re-

duction of the HbA1c was of 0, –0.6 and –0.8% with placebo, 10 

and 20 mg/day of dapaglifl ozin, respectively.14 All the patients treat-

ed with dapaglifl ozin reduced their weight, and the decrease was sta-

tistically higher in patients with T2D in late phase, with a loss of 0.6, 

2.3 and 2.5 kg more than the patients with T2D in early phase treat-

ed with placebo, 10 and 20 mg of dapaglifl ozin, respectively.14

Safety data of dapagliflozin
In spite of the lack of data at long term, the studies coincide in the 

good tolerance and the good safety profi le of dapaglifl ozin. The 

SGLT2 inhibition comes along with an hypoglycemia incidence 

(6-10%) similar to the placebo (4%) or the metformin (9%),3 ex-

cept when it is added to insulin plus oral antidiabetics (placebo 

plus insulin: 13%; dapaglifl ozin 10 mg plus insulin; 29.2%; dapa-

glifl ozin 20 mg plus insulin; 25%; among others, a case of severe 

hypoglycemia in the placebo group).13 It has neither been identi-

fi ed alterations of the renal function nor electrolytic alterations,3,12 

except for increase of magnesium and decrease of uric acid of un-

certain determination.3 The diuretic effect of this drug has been as-

sociated to reduction of the systolic blood pressure of 2.6-6.4 

mmHg, with hypotension of 0-2% of the patients, but these results 

were similar to the results of the placebo group (2%) and metform-

in (4%).3 Finally, the percentage of infections in the urinary tract 

seems to be similar to the placebo group, but the same did not oc-

cur with the genital infections secondary to the glucosuria, which 

seem to be increased, though without statistics determination, in 

patients treated with dapaglifl ozin: 2-7%, vs. 0% in the placebo 

group and 2% in the metformin group.3

Conclusions
The SGLT2 have an important role in the glucose reabsorption in 

the renal proximal outlined tubule. The selection of inhibition of 

SGLT2 reduced the glycemia without inducing insulin secretion, 

hypoglycemia or weight gain, and due to its action mechanism it 

might be useful both in T2D and in T1D. At present, the SGLT2 

inhibitor in more advanced investigation phase is the dapaglifl ozin, 

with promising data both in studies in animals and in human be-

ings. However, it has to be determined which are the effects that 

the glucosuria has when induced at long term. Moreover, these 

compounds are liposoluble and cross the hematoencephalic barri-

er, therefore it is possible that they have effects at central level.15 ■
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