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Abstract
Glucose homeostasis is the result of the supply of glucose to blood and its consumption in cells. In the postprandial period, circulation requires a constant 
supply of glucose, which is an essential source of energy for tissues such as brain cells. Only the liver and kidneys can supply glucose to the circulation through 
the gluconeogenesis process, which involves de novo glucose synthesis from non-glucose substrates; and through glycogenolysis, i.e., the breakdown of stored 
glycogen. The kidneys play an important role in maintaining glucose homeostasis. The main mechanisms by which the kidneys are involved in maintaining 
glucose homeostasis are gluconeogenesis, renal glucose consumption, and glucose reabsorption in proximal tubules. The glucose reabsorption system in the 
kidney is mediated by two Sodium-Dependent Glucose Cotransporters (SGLTs). Cotransporter SGLT 1, is situated in the S3 segment, and SGLT 2 is situated in 
the S1 segment.
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Introduction
Glucose homeostasis is the result of the supply of glucose to blood 

and its consumption in cells. For circulation, glucose is supplied from 
the digestive tract, and is also produced in the body in the process 
of gluconeogenesis. Glucose that enters the body with food is partly 
metabolized in the process of glycolysis to cover the current needs 
of the body. It is partly stored in the form of glycogen in the liver 
and muscles (glycogenesis). In the postprandial period, circulation 
requires a constant supply of glucose, which is an essential source 
of energy for tissues such as brain cells. Only the liver and kidneys 
can supply glucose to the circulation through the gluconeogenesis 
process, which involves de novo glucose synthesis from non-glucose 
substrates; and through glycogenolysis, i.e. the breakdown of stored 
glycogen. Glucose produced in the body is another source besides 
glucose supplied externally. The liver is recognized as the main organ 
in which glucose production takes place. This process occurs in two 
ways. One is glycogenolysis, or the breakdown of liver glycogen, 
the other is gluconeogenesis, which is the synthesis of glucose from 
non-glucose substrates. In the liver, the main substrate for glucose 
production is alanine and lactate. These substances are found in the 
lactic acid cycle (Corich cycle) and in the alanine-glucose cycle. In 
physiological and pathological conditions, the kidneys play a large 

role in maintaining the body's metabolic homeostasis. This is due to 
their participation in the process of glycolysis and gluconeogenesis, 
as well as two very important functions: filtration of glucose in the 
glomeruli, and its reabsorption in the tubules. In kidneys, glutamine 
is the main substrate for gluconeogenesis. The glucose synthesis 
process takes place in the glucose-glutamine cycle. The process of 
gluconeogenesis depends on the concentration of glucose in blood in 
the given moment, and the inflow of substrates. Moreover, it is subject 
to humoral regulation [1-5]. Figure 1 illustrates glucose production in 
the liver and kidneys. 

After overnight fasting, the gluconeogenesis process in the 
kidneys provides 20%-25% of the glucose released. In the postprandial 
period, renal gluconeogenesis increases and provides about 60% 
of the endogenous glucose released. This glucose is reabsorbed 
into the circulation. Among the factors playing an essential role in 

Figure 1: Glucose production in the process of gluconeogenesis in the liver 
(alanine-glucose cycle and lactic acid cycle) and in the kidney (glucose-
glutamine cycle).
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the above-mentioned processes are hormones, mainly insulin and 
catecholamines, as well as enzymes and glucose transporters [1,2,6-
8]. The kidneys are also involved in glucose reabsorption. This 
process is mediated by sodium-glucose co-transporters (SGLT1 and 
SGLT2) located in segments S1 and S3 of the proximal tubule. Most 
renal glucose reabsorption, up to 90%, is mediated by the SGLT2 co-
transporter [9]. The Na+/glucose (SGLT1) co-transporter was first 
described in 1960 [10,11]. The first reports of glucose synthesis in 
kidneys in experimental animals come from the 1930s [12]. Glucose 
produced in the process of gluconeogenesis in the renal cortex is 
used to cover the core's energy needs. The kidneys play an important 
role in maintaining glucose homeostasis [13]. If we have preserved 
glomerular filtration, the kidneys can prevent extreme hyperglycemia 
[14,15]. The main mechanisms by which the kidneys are involved in 
maintaining glucose homeostasis are gluconeogenesis, renal glucose 
consumption, and glucose reabsorption in proximal tubules [8,16,17]. 
Glucose reabsorption is one of the most important physiological 
functions of the kidneys, enabling full recovery of filtered glucose, 
elimination of glucose from urine, and the prevention of calorie loss 
[17]. The course of glycolysis and gluconeogenesis in the kidneys is 
illustrated in Figure 2.

The key enzymes in the glycolysis process, which are located in 
the cells of the kidney core, are hexokinase (1), phosphofructokinase 
(2), and pyruvate kinase (3). The process of gluconeogenesis involves 
pyruvate carboxylase (4), phosphoenolpyruvate carboxykinase (5), 
fructose-1,6-bisphosphatase (6), and glucose-6-phosphatase (7), 
which are enzymes located mainly in kidney cortical cells.

Effect of diabetes on renal glucose metabolism
SGLT2 expression and activity are increased in diabetes, which 

leads to greater glucose reabsorption, and thus to an increase in 
hyperglycemia. Chronic elevated plasma glucose may increase 
β-cell insulin resistance and dysfunction, contributing to glucose 
homeostasis disorder. Blocking SGLT co-transporters reduces glucose 
reabsorption and increases renal glucose excretion [14]. Modulation 
of the activity of SGLT1 and SGLT2 sodium glucose co-transporters 
may be a potential therapeutic target in patients with diabetes [9,18]. 
Renal glucose production is regulated by insulin. In the presence 
of insulin resistance associated with Type 2 diabetes, glucose 
overproduction occurs [19,20]. Other authors have also discussed 
the relationship between insulin resistance and glucose intolerance, 
and the assessment of the renal function based on clinical and 

experimental studies [21,22]. In recent years, much attention has also 
been paid to the relationship between renal failure and the degree of 
metabolic control in patients with Type 1 diabetes, because progressive 
renal failure is a major complication of Type 1 diabetes [23-27]. It has 
been established that good glycemic control delays the development 
of diabetic nephropathy [28]. In the process of gluconeogenesis, 
approximately 50% of the body's glucose resources are generated, 
of which 50% is produced in the kidney. It follows that people with 
chronic renal failure may develop hypoglycemia. Based on the 
literature provided, Canadian authors have provided a comprehensive 
discussion of the relationship between hypoglycemia in diabetes and 
the renal function [29]. Triplitt presents the mechanisms governing 
the regulation of glucose homeostasis by kidneys [30,31]. The author 
discusses the mechanisms of glucose release into the circulation, 
glucose uptake to meet energy needs, and glucose reabsorption in the 
tubules. The fact that epinephrine stimulation increases renal glucose 
production indicates the important role of kidneys in the process of 
hypoglycaemia, in that they increase gluconeogenesis and glucose 
reabsorption from glomerular filtrate [32]. American authors have 
confirmed the role of epinephrine in glucose release in the process of 
gluconeogenesis [33].

Conclusion
As mentioned before, kidneys participate in the maintenance 

of glucose homeostasis by taking part in gluconeogenesis, glucose 
filtration, reabsorption and utilization. Each of these processes may 
be disturbed in diabetes.
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