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Abstract Review Article

Although canagliflozin has been successfully used for the treatment of type 2 diabetes since its introduction in 2013, it
has been continuing in research for the treatment of various diseases. The most common form of diabetes is type 2
diabetes and it was found that 95% of the people were suffering from this disease. Therefore, this review covers the
pharmacokinetics and pharmacological effects of canagliflozin. It is hoped that this review will open the new gateways
of research to achieve new rational approaches for more potent, less toxic and more therapeutically effective agents
using canagliflozin.
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INTRODUCTION

Canagliflozin, is a new selective oral once-
daily Sodium-glucose co-transporter 2 inhibitor, was
developed by Mitsubishi Tanabe Pharma (formerly
Tanabe Seiyaku) and Johnson and Johnson for the
treatment of type 2 diabetes.  Canagliflozin is
considered as a potent drug to be used for the treatment
of type 2 diabetes patients. It has been approved by

USFDA in March 2013 [1]. Canagliflozin is suggested
as a supplement to a diet that helps to improve
glycaemic control in patients with type 2 diabetes. The
recommended initial dosage is 100 mg once daily taken
before the first meal and may increase the dose to 300
mg Day if 100 mg/day is tolerated in patients who have
GFR >60 ml/min/1.73 m and require additional
glycemic control [2].

Fig-1.1: Structure of Canagliflozin

Pharmacology of canagliflozin

The all plasma glucose (PG) that is filtered at
the glomerulus of the kidney is reabsorbed in the
proximal tubule, with less than 1% being excreted into
the urine [3] Reabsorption of the filtered glucose is
mediated primarily by the glucose transporter protein

SGLT2, SGLT2 is responsible for reabsorbing 90% of
the filtered glucose in the kidney and can reabsorb
nearly all glucose filtered by the glomerulus up to
concentration of approximately 180 mg/dL, the renal
threshold for glucose (RTG) [4, 6]. In the T2DM
threshold can be increased up to 240 mg/dL [7]. At PG
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levels exceeding the RTG, SGLT2 becomes saturated
and urine glucose concentrations increase propor-
tionately to PG levels. By inhibiting SGLT2, renal
glucose reabsorption is reduced, leading to increased
urine glucose excretion and a succeeding reduction in
PG. The SGLT2 inhibition reduces PG in an insulin-
independent manner; potentially reduce the risk for
hypoglycemia [8].

PHARMACOKINETICS

Canagliflozin reaches peak plasma
concentrations within 1 to 2 hours by oral
administration, and steady-state levels are reached in 4
to 5 days; it has a bioavailability of 65% and is highly
protein bound (99%), mainly to albumin. The single
oral doses, the terminal half-life was 10.6 and 13.1
hours for canagliflozin 100 mg and 300 mg,
respectively. The continued dosing, canagliflozin
reduces the RTG throughout the 24-hour dosing
interval, allowing for once-daily dosing. Metabolism is
mainly via O-glucuronidation via uridine diphosphate
glucuronosyltransferase 1A9 (UGT1A9) and uridine
diphosphate glucuronosyltransferase B4 (UGT2B4) to
inactive metabolites, which are eliminated by renal.
Cytochrome P450 (CYP) metabolism of canagliflozin is
minimal, reducing the potential for drug-drug
interactions. Approximately 33% of canagliflozin
metabolites are really eliminated and approximately
42% is excreted in the feces [2].

Complications with diabetes

Diabetes mellitus is a group of metabolic
diseases distinguishes by hyperglycemia resulting from
defects in insulin secretion, insulin action, or both. The
diabetes is associated with failure of various organs,
especially the eyes, kidneys, nerves, heart, and blood
vessels [9]. The nephropathy leading to renal failure;
retinopathy with the potential loss of vision; peripheral
neuropathy with risk of foot ulcers, amputations, and
autonomic  neuropathy  causing  gastrointestinal,
genitourinary and cardiovascular symptoms
complications of diabetes.Patients with diabetes have an
increased prevalence of atherosclerotic cardiovascular,
peripheral arterial and cerebrovascular disease.
Hypertension and abnormalities of lipoprotein
metabolism are often developed in people with diabetes
[10]. High blood sugar levels damage the blood vessels
and nerves. This causes problems in association with
body organs like kidneys, nerves, feet, eyes, heart,
bones, skin problems, digestive problems, sexual
dysfunction, and problems with teeth and gums [11].

Effect of canagliflozin on diabetes mellitus

Diabetes mellitus (DM) is a disease
distinguished by an obstruction in insulin function and
insulin secretion that results in glucose intolerance and
chronic hyperglycemia [42]. Canagliflozin is a sodium
glucose cotransporter-2 (SGLT2) inhibitor. SGLT2 is
exhibit in the proximal renal tubules and is responsible
for most of the filtered glucose reabsorption from the

tubular lumen. Canagliflozin reduces the reabsorption
of filtered glucose and lowers the renal threshold for
glucose, thereby increasing urinary glucose excretion
by inhibiting SGLT2. Canagliflozin exerts its
therapeutic effects in the proximal tubules of the
kidneys. It is a highly selective inhibitor of SGLT2, its
binding affinity to SGLT2 is 250 times greater than its
binding affinity to SGLT1. The inhibition of SGLT2 in
the kidney increases urinary glucose excretion, thereby
decreasing blood glucose levels [22].

Effect of canagliflozin on heart disease

According to data from the World Health
Organization (WHO), in the worldwide over 3 million
people die from diabetes and its related complications
every year, mainly due to cardiovascular disease (CVD)
[12]. The toxicity of high blood glucose to the
endothelium and other cells of the vessels seem to play
an essential role in the development of atherosclerosis
and CVD. Atherosclerosis starts a systemic
inflammatory process that incriminates both cells of the
immune system and those of the vessel wall. The basic
pathologic lesion is atheromatous plaque. The
atherogenic process develops in different stages,
starting from the endothelium activation/dysfunction
and resulting in plaque vulnerability and rupture [21].
SGLT?2 inhibition reduces the reabsorption of glucose
and therefore enhances urinary glucose excretion,
consequently decreasing both fasting and postprandial
hyperglycemia and preventing glucotoxicity, and
therefore hyperglycemia-induced damage [40]. The
scientist reported recently that canagliflozin, can
activate AMPK and inhibit IL-1B-stimulated secretion
of IL-6 and monocyte chemoattractant protein-1 (MCP-
1) in cultured human endothelial cells, while AMPK-
independent mechanisms were also recognized [13].
canagliflozin is the most potent inhibition-compared to
other SGLT-2 inhibitors of production and release of
inflammatory factors IL1a, IL-6 and TNF-a [13]. These
effects mediated by inhibiting intracellular glycolysis,
enhancing autophagy, and promoting p62-mediated IL-
1 degradation [43]. Although clinical studies have
proved the antihypertensive effects of canagliflozin, it
finds just a borderline reduction of diastolic pressure
[15]. However, canagliflozin reduces significantly
heart rate. This could be attributed to a potential
decrease in insulin levels as a result of the glucose-
lowering effects of canagliflozin since it is conventional
that insulin increases sympathetic activity [44].

Effect of canagliflozin on liver cancer growth
Hepatocellular carcinoma (HCC) is the sixth
most common cancer worldwide, and the second
leading cause of cancer-related mortality [16]. The
characteristics of HCC, including a high regularity rate
and hypervascularity, have presented no satisfactory
improvements in prognosis, regardless of disease
etiology. Recent evidence has highlighted the inhibitory
effects of antidiabetic agents on HCC [17]. However,
the expression of SGLT2 in pancreatic and prostate
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cancer tissues and well as the functional activity of this
protein as a glucose transporter in cancer cells [18].
SGLT2-is directly suppressing pancreatic cancer
growth, possibly by blocking glucose uptake.
canagliflozin exclusively inhibits the growth of SGLT2-
expressing liver cancers by reducing intracellular
glucose uptake. Furthermore, the research found that
canagliflozin impaired proangiogenic activity in
SGLT2-expressing liver cancers [19]. Canagliflozin
also facilitated apoptosis in Huh7 and HepG2 cells by
activating caspase 3, a central enzyme in the apoptosis
pathway. One of the research revealed decreases in
AKT phosphorylation in canagliflozin treated cell lines.
AKT is postulated to play a key role in glycolysis
regulation, as well as survival, in cancer cells.
Constitutively activated AKT may stimulate glucose
uptake and aerobic glycolysis in human glioblastoma
cells [20].

Effect of canagliflozin on memory impairment
Scopolamine is a non-selective muscarinic
receptor antagonist, which blocks cholinergic signaling
and pharmacologically interferes with memory
performance in a temporary manner [24]. Scopolamine
produces memory, cognitive impairments and then
induces learning and memory obstruction including
long-term and short term memory dysfunction [31].
Animals  with  scopolamine-induced memory
impairment have been widely used to probe drugs
attenuating cognitive deficits. The behavioral test
showed  improvement in  scopolamine  with
canagliflozin, this could be due to improvement in
memory through inhibition of AChE activities and
monoamines levels in brain areas. The recent study on
diabetic rats recorded AChE inhibition and amelioration
of cortex monoamines by canagliflozin (10mg/kg) oral
treatment [32]. Canagliflozin strongly suggested as a
dual inhibitor for AChE and SGLT2 even though there
is no similarity between the catalytic site of AChE and
the transport channel of SGLT2. They explore
molecular interactions between SGLT2 and human
brain AChE with canagliflozin. The effect of
Canagliflozin as compared to galantamine (GAL)
treatments for two weeks on scopolamine hydrobromide
(SCO) induced memory dysfunction in experimental
rats and canagliflozin suggested as AChE inhibitor [22].

Effect of canagliflozin on inflammation

Inflammation is a complex biological defense
response of the body to external stimuli such as
pathogens, cell damage, or other stimulants [45].
Intracellular glucose metabolism plays an important
role in the activation of immune cells and the outcome
of inflammation. The anti-inflammatory mechanisms of
canagliflozin might be mediated by enhancing
autophagy, inhibiting intracellular glycolysis, and
promoting p62-mediated IL-1 degradation [46]. In
addition to hypoglycemic effects, the SGLT2 inhibitors
might have direct anti-inflammatory effects and
Canagliflozin is used for the treatment of inflammatory

diseases by inhibiting intracellular glucose metabolism
and promoting autophagy in immune cells. Among all
SGLT2 inhibitors, Canagliflozin showed significant
effects [13]. The new anti-inflammatory effects of
Canagliflozin are might be wuseful to inhibit
inflammatory damage independent of its hypoglycemic
activities. Inflammation is connected with many chronic
diseases including diabetes and atherosclerosis [22].
Intracellular glucose metabolism plays a pivotal role in
the activation of immune cells [26]. Canagliflozin
significantly impaired PFK2 expression, which is a key
enzyme responsible for glycolysis and metabolic
reprogramming in inflammatory macrophages. These
effects suggested that Canagliflozin is useful for
inflammatory diseases [37].

Effect of canagliflozin on renal function

The increased production of reactive oxygen
species and reduced availability of antioxidant
mechanisms can affect the renal structure and function
by apoptosis, modulating cell growth and inflammatory
responses [37]. The processes that have been linked to
the progression of the kidney disease by early diabetic
nephropathy  is  associated  with  glomerular
hyperfiltration, cytokine release and tissue proliferation
[45]. The inhibitors of renin-angiotensin system
inhibitors are commonly used to reduce proteinuria and
decrease glomerular hyperfiltration and delay the
progression of diabetic nephropathy, the renin-
angiotensin system blockade does not completely stop
kidney disease progression and may patient pass to end-
stage of renal disease [35]. The canagliflozin renal
protective effect may be related to amelioration of
hyperglycemia and decreased HbAlc observed in
canagliflozin treated rats. Although, glucose-lowering
action can cause to its Reno-protective effects,
canagliflozin possibly apply other renal protective
effects beyond glycemic control. The possible
mechanism for slowing the progression of renal disease
may implicate reducing oxidative stress, decreasing the
release of inflammatory and apoptotic mediators
thereby diminished inflammatory and apoptotic
processes in the diabetic kidney. Thus, canagliflozin act
as a good therapeutic agent useful to prevent or delay
the progression of diabetic nephropathy. Canagliflozin
inhibits renal glucose reabsorption and increases urinary
glucose excretion, thus reducing plasma glucose
concentration with hyperglycemia [29].

Effect of canagliflozin on retinopathy

Diabetic retinopathy is a major microvascular
complication that distinguishes in many diabetics very
debilitating as it may result in impaired or complete
vision loss. The human diabetic’s subjects are
commonly  suffering from the microvascular
complications in different organ including the eye [27].
The pericytes in the retina have important physiological
roles, such as microcirculation control, microvessel
protection and other functions [28]. In the early stage of
diabetic retinopathy, pericyte swelling and pericyte loss
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occur, resulting in microaneurysm formation [30, 31] in
the retina. The swollen pericytes lose their contractile
ability, which leads to hyperperfusion in the retina.
Drug-Related therapy is extremely costly for the patient
who suffers from DR and financially impacts the
economy. In the current therapeutic approaches, the
prevention of microvascular complications is a major
treatment goal; however, these therapies appear
insufficient. Presently, sodium glucose cotransporter-2
(SGLT2) inhibitors canagliflozin may provide a novel
therapy outwith simple glucose lowering [26].

DISCUSSION

Canagliflozin is an SGLT2 inhibitor class of
the drug use for Antidiabetic drugs. Canagliflozin
inhibition decreases the reabsorption of glucose and
therefore increase urinary glucose excretion, therefore
decreasing both fasting and postprandial hyperglycemia
and preventing glucotoxicity, and hence hyperglycemia-
induced damage canagliflozin, activate AMPK and
inhibit IL-1p-stimulated secretion of IL-6 and monocyte
chemoattractant protein-1 (MCP-1) in cultured human
endothelial cells [40]. It directly suppresses pancreatic
cancer growth, potentially by blocking glucose uptake.
Canagliflozin mostly inhibits the growth of SGLT2-
expressing liver cancers by reducing intracellular
glucose uptake. Canagliflozin is used for the treatment
of inflammatory diseases by inhibiting intracellular
glucose metabolism and promoting autophagy in
immune cells. canagliflozin act as a promising
therapeutic agent useful to prevent or delay the
progression of diabetic nephropathy.

CONCLUSION

Canagliflozin has a novel mechanism of action
that may offer a future alternative treatment pathway for
managing many diseases.
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