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Abstract  

 

Glucose handling and metabolism is disturbed in acute kidney injury; L-arginine is a component of nitric oxide (NO) 

which aids the delivery of blood to tissues. This study focused on investigating the underlying effect that L-arginine 

would have on glucose handling and GLUT-4 expression in rats with acute kidney injury. Oral glucose tolerance test was 

used to assess the rat’s ability to regulate glucose metabolism, glucose utilization by the cells and how quickly glucose is 

cleared from the blood. Insulin tolerance test was used to assess insulin resistance and the sensitivity of target organs to 

insulin, as well as the rate of glucose clearance from the blood. Glucose transporter 4 expression was assessed via 

ELISA. Results showed that glucose clearance from the blood was more effective and rapid in the arginine-treated groups 

when compared to the control group. L-arginine induced rapid insulin-like action which was effective after thirty minutes 

of oral glucose loading in both groups treated with arginine but the effect was not long-lasting. Similar result was 

observed from the insulin tolerance test, again indicating an insulin-like action of arginine. L-arginine produced no 

marked difference in GLUT-4 expression across the various groups showing that the insulin-like activity observed may 

not be via the activation of GLUT-4 channels or exocytosis of GLUT-4 proteins to the plasma membranes of insulin 

target organs. This study showed that L-arginine exhibits a rapid but un-sustained insulin-like action in glucose 

metabolism by clearing glucose from the blood and this action is not via the activation of GLUT-4 channels on plasma 

membranes. 
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INTRODUCTION 
The kidney is critical in maintaining a stable 

internal environment by regulating the body fluid 

volume, maintaining electrolyte balance, and excreting 

potentially toxic metabolic end products. Glomerular 

filtration, tubular reabsorption, and tubular secretion are 

processes involved in urine formation resulting in 

production of approximately 1.5 liter urine per day for 

an adult. Glomerular infiltration involves the 

ultrafiltration of plasma in the glomerulus, and the 

filtrates, including water, salts, glucose and urea, are 

accumulated in the urinary space of Bowman’s capsule. 

Tubular reabsorption involves taking back 

approximately 99% of the filtrates into the blood, while 

tubular secretion involves the transport of substances 

such as K
+
, H

+
, ammonium, creatinine, and urea into 

the urine. 

 

The kidneys have a major role in glucose and 

insulin metabolism. In humans, renal glucose 

production contributes approximately 25% to the 

systemic glucose production and also, renal glucose 

uptake contributes about 20% to systemic glucose 

removal [1]. Glucose homeostasis in the kidney is 

regulated by insulin and it is mediated via Glucose 

Transporter (GLUT) proteins [2].  

 

Glucose Transporter Type 4 (GLUT-4) is an 

insulin-responsive glucose transporter which is 

expressed in the membranes of the skeletal muscles, 

heart and adipose tissue cells. These tissues are insulin 

sensitive and they respond to an increase in blood 

insulin levels by a rapid and reversible uptake of 

glucose. Upon insulin stimulation, GLUT-4 is trans-

located to the plasma membrane of body cells, where it 

facilitates the uptake of glucose.  

 

Acute kidney injury (AKI), previously called 

acute renal failure, is characterized by an abrupt decline 

in renal function, resulting in an inability to secrete 

waste and maintain electrolyte and water balance, and is 

associated with high risks of morbidity and mortality 

[3].  Insulin is also metabolized by the kidneys hence 
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loss of kidney metabolic functions could lead to insulin 

resistance along with abnormal glucose production and 

cellular glucose transport [4]. Insulin resistance is 

defined as a decreased biological action of insulin at its 

target organs for any given blood concentration of 

insulin [5]. Reduction in renal functions can also 

increase the half-life of insulin in circulation and this 

can lead to hypoglycemic events [1]. 

  

L-arginine is a semi-essential amino acid that 

is important for a number of biochemical and 

physiological functions in protein synthesis. It has been 

shown to enhance the release of a number of hormones 

including corticotrophin releasing hormone, prolactin, 

growth hormone, somatostatin, insulin, glucagon, 

cortisone and aldosterone; some of which have been 

implicated in tissue fibrosis [6]. L-arginine is also 

involved in decreased platelet aggregation, and 

decreased blood pressure. The net effect is improved 

blood circulation in the body, especially in the 

extremities and in genitalia [7]. The amino acid L-

arginine provides molecular substrate for the generation 

of nitric oxide (NO). A decreased bioavailability of 

(NO) is a crucial factor for the development of 

endothelial dysfunction and, furthermore, seems to play 

an important role in the development of insulin 

resistance. Therefore, it has been proposed that 

increasing blood flow by the action of (NO) on resistant 

vessels could facilitate the delivery of glucose and 

insulin and thereby contribute to overall glucose 

transport [8]. In acute kidney injury, glucose handling is 

disturbed; L-arginine is a component of nitric oxide 

(NO) which aids the delivery of blood to tissues. This 

study focused on investigating the underlying effect that 

L-arginine would have on GLUT-4 expression in the 

kidney injured rat. The aim of this study is to 

investigate the effects of L-arginine supplementation on 

Glucose Transporter Type 4 (GLUT 4) expression in 

acute kidney injury in Wistar rats. 

 

MATERIALS AND METHODS 
Animals 

Twenty (20) male albino Wistar rats weighing 

between 120g-150g were used. They were fed with 

pelletized rat feed purchased from Sabina feed house, 

Lagos. They had free access to tap water. They were 

procured and housed at ambient temperature and 

humidity within the animal handling facility of the 

Department of Physiology, Benjamin Carson (Snr.) 

School of Medicine, and Babcock University, Nigeria. 

The study is an in-vivo experimental work. The rats’ 

weights were recorded once a week, for two (2) weeks, 

during the period of acclimatization and after 

commencement of the experimental study. At the end of 

the 2
nd

 week, acute kidney injury (AKI) was induced 

with intra-muscular injection of glycerol (50% solution, 

5ml/kg body weight; [9]. Two days after the induction, 

AKI was confirmed by checking the serum creatinine 

(SCr; e-labscience, China) levels of the rats. 

Abnormally high levels of serum creatinine indicated 

the presence of kidney injury in the rats (normal Scr = 

0.6 to 1.2 mg/dl; Yin et al. [10]. After confirmation of 

AKI, the rats received graded doses of L-arginine 

(500mg/kg and 50mg/kg) orally for eight (8) days. The 

effects of L-arginine supplementation on GLUT 4 

expression, insulin tolerance and glucose tolerance in 

the kidney injury wistar rat model were then 

investigated via various assays. The animals were 

sacrificed by cervical dislocation. Ethical approval for 

the study was obtained from the Babcock University 

Health Research Ethics Committee (BUHREC).  

 

Animal Grouping and Treatment Schedule 

The rats were randomly distributed into four 

(4) groups of five (5) rats each as seen below: 

 

Table-1: Animal grouping and treatment schedule 

GROUPS TREATMENT 

Group 1 (Positive Control) Normal feed and water 

Group 2 (L-arginine, 500mg/kg) Glycerol-induced AKI with high dose of L-arginine 

(100ml/kg body weight p.o.)  

Group 3 (L-arginine, 50mg/kg) Glycerol-induced AKI with low dose of L-arginine 

(10ml/kg body weight p.o.) 

Group 4 (Negative Control) Glycerol-induced AKI without any other treatment 

 

Determination of Blood Glucose Levels 

Blood was drawn from the tails and blood 

glucose level was checked with the Accu-check 

glucometer kit, and the values were recorded in 

milligrams per deciliter (mg/dl). 

 

Induction of Acute Kidney Injury (AKI) 

AKI was induced by injecting 5ml/kg of 

glycerol (50% in distilled water) into the muscles of 

both hind limbs. Control animals were injected with an 

equal volume of normal saline (5ml/kg,) via intra-

muscular injection [11]. 

 

Insulin Tolerance Test 

The insulin tolerance test was performed using 

human insulin (Humulin) and an Accu-check 

glucometer kit. The animals were fasted for four (4) 

hours before insulin administration. The baseline blood 

glucose level was determined first with the Accu-check 

glucometer kit; then insulin (0.5units/kg body weight) 

was administered via injection subcutaneously [12]. 

Blood glucose concentration (mg/dl) was monitored at 

thirty (30) minutes intervals for the next two hours.  
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Oral Glucose Tolerance Test 
The animals were fasted overnight. Their 

baseline blood glucose level was checked and recorded 

(mg/dl). Exogenous glucose (2g/kg body weight) was 

then administered by injection (i.p.). Blood glucose 

levels were again determined at thirty (30) minutes 

interval for a total of one hundred and eighty (180) 

minutes. 

 

Determination of Glut-4 Expression 

Gastrocnemius muscles from the left leg and 

the contralateral limb were excised, dissected, rinsed in 

iced cold Phosphate buffer solution (PBS) (0.1M, P
H
 

=7.4) and frozen for GLUT-4 assays. The 

gastrocnemius muscles were weighed and the weight in 

grams (g) of each muscle was multiplied by five (5) to 

determine the volume of PBS in milliliters (ml) to 

homogenize each muscle in. The homogenate was 

centrifuged at 3000rpm for ten (10) minutes at 4°C. The 

supernatant was extracted by decantation and quantified 

for GLUT-4 expression using GLUT-4 ELISA kit. 

 

STATISTICAL ANALYSIS 
Statistical analysis was carried out using 

Graph-Pad Prism 5.1 software. Comparisons between 

the groups was performed by one-way analysis of 

variance (ANOVA), followed by Student Newman-

Keuls (SNK) test for significant difference. The data 

was expressed as mean ± standard error of mean 

(SEM). p<0.05 was considered as significant. 

 

 

RESULTS  
                

 
Fig-1: Effects of L-Arginine on serum creatinine in rats with AKI. 

 

 
Fig-2: Effect of L-Arginine on glucose tolerance in rats with AKI. 
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Table-2: Effect of L-arginine on insulin tolerance in rats with acute kidney injury 

Time Positive Control High Dose L-

Arginine (500mg/kg) 

Low Dose L- 

Arginine (50mg/kg) 

Negative Control 

Baseline 86.43 ± 2.43 91.33 ± 4.06 120.67 ± 3.83
*
 146.33 ± 7.96

*
 

30 minutes 68.34 ± 3.34 44.67 ± 5.36 95.33 ± 7.37
*
 80.33 ± 5.05 

60 minutes 43.05 ± 9.05 77.00 ± 7.06
*
 93.33 ± 5.41

*
 54.33 ± 5.65 

90 minutes 34.61 ± 8.61 89.00 ± 7.82
*
 105.33 ± 5.60

*
 77.33 ± 6.48 

120 minutes 28.83 ± 3.83 89.33 ± 3.10
*
 116.00 ± 4.07

*
 63.50 ± 6.50

*
 

Values are expressed as mean ± SEM (n=6) and are statistically significantly different at (P<0.05 or less). 

 

 
Fig-3: Effects of L-Arginine on GLUT-4 expression in rats with AKI 

 

DISCUSSION 
Acute kidney injury (AKI) was induced in the 

experimental rats using glycerol (50% solution, 5ml/kg 

body weight). There were elevated serum creatinine 

levels in the groups that received glycerol treatment, 

indicating the presence of kidney injury. In acute 

kidney injury, glucose handling and metabolism is 

disturbed; L-arginine is a component of nitric oxide 

(NO) which aids the delivery of blood to tissues. This 

study focused on investigating the underlying effect that 

L-arginine would have on glucose handling and GLUT-

4 expression in rats with acute kidney injury. The 

objective of this study was to determine how L-arginine 

will affect glucose delivery to cells along with blood 

and by what mechanism. 

 

Oral glucose tolerance test (OGTT) is used to 

assess the body’s ability to regulate glucose metabolism 

through glucose utilization by the cells of the body and 

how quickly glucose is cleared from the blood. From 

the present study, results show that in comparison to the 

Control group, glucose clearance from the blood was 

more effective and rapid in the arginine-treated groups. 

This could mean that arginine induced rapid insulin-like 

action which was effective after thirty (30) minutes of 

oral glucose loading in both groups treated with 

arginine. L-arginine is the main endogenous source for 

the generation of nitric oxide (NO). A great body of 

evidence have shown that NO plays a critical role in 

glucose metabolism. NO is capable of stimulating 

glucose transport through GLUT-4 translocation in 

adipocytes, via a mechanism different from the insulin 

signaling pathway [13]. The administration of NO 

synthase (NOS) inhibitors induced remarkable insulin 

resistance [14]; NO donors stimulate glucose transport 

in skeletal muscles [15] and endothelial nitric oxide 

synthase (eNOS) knockout mice have insulin resistance 

[16]. L-arginine can also stimulate secretion of 

glucagon [17] which is another hormone that aids 

removal of glucose from the blood. Thus, NO and/or 

arginine may be an important modulator of glucose 

metabolism. Together, these findings suggest that NO-

stimulated glucose uptake in adipocytes occurs through 

an insulin-independent pathway [18].  

 

Our results from this study showed rapid 

removal of glucose from the blood in the negative 

control group, this may be as a result of commensurate 

adiponectin expression as a result of the kidney injury. 

Adiponectin (APN) is a multifunctional cytokine that 

has an important role in the regulation of energy 

metabolism and inflammation [19]. Also Adiponectin 

has been described as an insulin-sensitizing adipokine 

that modulates glucose and lipid metabolism [20]. It 

also exerts pleiotropic actions, i.e. it promotes insulin 
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sensitivity, inhibits cell death, and suppresses 

inflammation. It strongly suppresses hepatic 

gluconeogenesis by inhibiting the expression of genes 

involved in glucose production (such as 

phosphoenolpyruvate carboxykinase and glucose-6-

phosphatase) and enhances fatty acid oxidation in 

skeletal muscle, which together contributes to a 

beneficial metabolic action in whole body energy 

homeostasis [21]. Under physiological conditions, the 

circulating plasma concentrations of adiponectin in 

humans range from 2 to 20 mg/ml [22]. Therefore these 

studies support the suggestion that the expression of 

adiponectin in kidney injury may have caused insulin 

like actions in the regulation of blood glucose; hence 

the rapid and un-sustained removal glucose from the 

blood in the negative control group of animals. 

 

Insulin tolerance test (ITT) is a simple method 

of detecting insulin resistance or measuring the 

sensitivity of target organs to insulin, as well as the rate 

of glucose clearance from the blood. From the study 

results, it is observed that in comparison to the control 

group, the other group of animals exhibit high fasted 

blood glucose levels (normal blood glucose 

concentration = 80-110 mg/dl, elevated levels = 110-

120 mg/dl). This could be as a result of poor glucose 

handling caused by kidney injury. 

 

Insulin resistance (IR) is characterized by 

resistance to the effects of insulin on glucose uptake, 

metabolism or storage. It is manifested by decreased 

insulin-stimulated glucose transport and metabolism in 

target tissue and by deficient suppression of hepatic 

glucose output [23]. Patients with acute kidney injury 

develop insulin resistance, and this is due to loss of 

kidney function [24], increased levels of insulin 

resistance-inducing adipokines such as tissue necrosis 

factor- alpha (TNF- α) and leptin [25, 26], reduced 

secretion of insulin due to increased intracellular 

calcium (caused by parathyroid hormone imbalance 

[27, 28]. Also, it was observed from the ITT result that 

glucose was more effectively and rapidly cleared from 

the blood in animals administered with high dose 

arginine compared to the control group; again 

indicating an insulin-like action of arginine. 

 

From the GLUT-4 assay, L-arginine 

supplementation produced no marked difference in 

GLUT-4 expression across the various groups. Meaning 

that insulin-like activity observed may not be via the 

activation of GLUT-4 channels or exocytosis of GLUT-

4 proteins to the plasma membranes of insulin target 

organs. Acute kidney injury (AKI) is a common clinical 

condition that is associated with high morbidity and 

mortality; and Ischemia–reperfusion injury (IRI) is a 

common cause of AKI [29]. Various studies have 

suggested that adiponectin is up-regulated in the kidney 

in response to IRI and results confirmed that targeted 

disruption of adiponectin protects the kidney from IRI 

by suppressing apoptosis, inflammatory cell infiltration 

and pro-inflammatory molecule production in the 

kidney [30]. Therefore, it may be imperative to question 

if adiponectin expression had an impact on arginine 

inactivation of GLUT-4 channels. This may provide a 

reasonable explanation for why there was no significant 

difference in GLUT-4 expression across the various 

groups and in the calculated OGTT area under curve 

(AUC) across the groups in response to L-arginine 

supplementation.  

 

CONCLUSION 
The final results of this study showed that L-

arginine through nitric oxide pathway, exhibits a rapid 

but un-sustained insulin-like action in glucose 

metabolism by clearing glucose from the blood. 

Furthermore, the data from this study suggests that 

enhanced glucose handling and clearance by arginine is 

not via the activation of GLUT-4 channels on plasma 

membranes.  
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