
 

ISSN 2712-8253, Saratov Medical Journal 1 of 5 

2021. Volume 2. Issue 3 (September). Article CID e0304 
DOI: 10.15275/sarmj.2021.0304 

Pathologic Physiology 

 

© 2021, Saratov State Medical University, Saratov, Russia 
© 2021, LLC Innovative Medical Technologies, Saratov, Russia 
© 2021, LLC Science and Innovations, Saratov, Russia 

www.sarmj.org 

[ 

Original article            Reprint 

 
Effect of liraglutide dose on efficacy of correcting microcirculatory disorders in 

absolute insulin deficiency of albino rats 
  

Daria D. Lagutina, Tatyana V. Stepanova, Angelina A. Savkina, Alexey N. Ivanov 
 

Saratov State Medical University, Saratov, Russia 

 
Received 15 March 2021, Accepted 24 August 2021 

 
Original Text © Lagutina D.D., Stepanova T.V., Savkina A.A., Ivanov A.N., 2021, published in Saratov Journal of Medical Scientific Research 
2021; 17 (2): 231–236 
© 2021, Lagutina D.D., Stepanova T.V., Savkina A.A., Ivanov A.N.  
© 2021, Saratov Medical Journal 

 
Abstract: The objective was to study the dose-dependent effects of glucagon-like peptide-1 receptor agonist, liraglutide, on 
microcirculation in white rats under the alloxan-induced insulin deficiency.  
Materials and Methods. Our study was carried out on 70 white rats, divided into four groups: 20 intact control animals; 20 
animals of the comparison group with alloxan-induced diabetes; 10 animals with insulin deficiency, injected with liraglutide at a 
dose of 0.2 mg/kg per day (treatment group No. 1); and 20 animals with insulin deficiency treated with liraglutide at a dose of 
0.4 mg/kg per day (treatment group No. 2). Diabetic status, skin perfusion of the posterior limb and mechanisms of blood flow 
modulation were assessed in all groups of animals.  
Results. It was established that administering liraglutide at a dose of 0.4 mg/kg per day allowed achieving complete 
normalization of carbohydrate metabolism in rats with alloxan-induced insulin deficiency, thereby more effectively improving 
the state of microcirculation, compared with a dose of 0.2 mg/kg per day.  
Conclusion. The efficacy of correcting the microcirculatory disorders with liraglutide correlates with correcting the carbohydrate 
metabolism in rats with insulin deficiency and depends on liraglutide dose. The dose-dependent effect is achieved by the 
endothelial mechanism of flow modulation in microcirculation. However, the restoration of the vascular tone neurogenic 
component is independent of liraglutide dose. 
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Introduction  

Currently, an unprecedented increase in the incidence of 
diabetes mellitus, as well as associated vascular 
complications, is observed all over the world [1]. Micro- and 
macroangiopathy are among major causes of disability and 
mortality in diabetes mellitus, the development of which, as a 
rule, begins with damage to the vessels of the 
microvasculature [2]. This is due to the substantial role of 
diabetes mellitus in providing transcapillary exchange [3]. As 
a result of circulatory disorders at the level of 
microcirculation, trophic disorders occur with the 
involvement of large vessels and nerve trunks in the 
pathological process, which leads to impaired vascular 
innervation and progression of complications [4]. 

It is known that one of the key risk factors for the 
development of vascular complications in diabetes mellitus is 
endothelial dysfunction occurring under the influence of 
chronic hyperglycemia, dyslipidemia, and oxidative stress [5]. 
This defines the endothelium as one of the therapeutic targets 
in the treatment of patients with diabetes mellitus. Of 
particular importance is the effective correction of 
microcirculatory disorders in patients with type I diabetes, 
accompanied by absolute insulin deficiency. This is due to the 
fact that correction of hyperglycemia in this category of 

patients is carried out by insulin replacement therapy, which 
has a negative effect on endothelium-dependent vascular 
dilatation, thereby contributing to the development of 
endothelial dysfunction and, consequently, to the progression 
of microcirculatory disorders [6]. That is why it is advisable 
to study the vasoprotective properties of alternative 
hypoglycemic drugs, in particular, incretin analogs, such as 
glucagon-like peptide-1 (GLP-1), which have an insulin-
independent mechanism of action in patients with type I 
diabetes mellitus.  

Currently, liraglutide has been proven to be highly 
effective in correcting the glycemic profile in the treatment of 
patients with type II diabetes mellitus [7]. At the same time, 
some authors have shown positive effects of liraglutide in 
treating type I diabetes mellitus, such as a decrease in the 
level of glycated hemoglobin, glucose concentration, body 
weight, and the need for insulin in patients [8]. In addition, 
there is some evidence that liraglutide has a direct 
vasoprotective effect, preventing the development of 
endothelial dysfunction in type II diabetes mellitus [9]. 

Considering the leading positions of vascular 
complications in the structure of disability and mortality in 
patients with diabetes mellitus, the key role of 
microcirculatory lesions as the initial stage in the 
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development of diabetic angiopathy, and the prospects for 
using liraglutide to improve the therapeutic correction of 
hyperglycemia, we conducted the study of its angiotropic 
effects and their dose-dependency.  

Objective – to investigate the dose-dependent effects of 
glucagon-like peptide-1 receptor agonist, liraglutide, on 
microcirculation in white rats under the alloxan-induced 
insulin deficiency. 

 

Materials and Methods  

The experiment was performed on 70 white rats randomly 
distributed among the following groups: 1) control group of 
20 intact animals; 2) comparison group of 20 animals with 
alloxan-induced insulin deficiency; 3) treatment group No. 1 
with 10 animals that received 0.2 mg/kg per day of liraglutide 
against the background of experimental diabetes; 4) 
treatment group No. 2 with 20 animals that received 
liraglutide injections at a dosage of 0.4 mg/kg per day against 
the background of experimental diabetes. Animals were kept 
under standard vivarium conditions with natural lighting and 
free access to water and food. The conducted studies 
complied with the provisions of the European Convention for 
the Protection of Vertebrate Animals, the requirements of the 
national guidelines for the maintenance and care of 
laboratory animals, and were approved by the Ethics 
Committee of Saratov State Medical University (Protocol No. 
1 of February 5, 2019). Experimental insulin deficiency in 
animals was simulated by subcutaneous administration of a 
5% solution of alloxan in a 0.9% solution of NaCl at a rate of 
100 mg/kg of animal body weight [10]. 

An analysis of current publications shows the possibility 
of using two dosage options of liraglutide in rats, 0.2 and 0.4 
mg/kg/ per day [11]. Hence, the correction of carbohydrate 
metabolism and microcirculation disorders was carried out 
by subcutaneous administration of liraglutide from day 21 
through day 42 of the experiment in dosages of 0.2 and 0.4 
mg/kg per day.  

The severity of carbohydrate metabolism disorders in rats 
of the intact group, comparison group, and treatment groups 
was assessed by the blood glucose level determined on an 
empty stomach by the Accu-Chek Performa Nano portable 
glucometer (Roche Diagnostics, Switzerland), and by the 
concentration of HbA1c in the blood using reagents from 
Diagnostic Systems GmbH (Germany) on a Sapphire 400 
analyzer (Hirose Electronic System, Japan). 

To study the microcirculation parameters, the Laser 
Doppler flowmetry (LDF) method was used using the LAKK-
OP analyzer (Scientific Industrial Enterprise Lazma, Russia). 
LDF imaging was carried out on day 42 of the experiment in 
all groups of animals on the foot dorsum skin. The perfusion 
index was calculated in perfusion units. Wavelet analysis was 
used to identify the normalized amplitudes of endothelial, 
neurogenic, myogenic, respiratory, and cardiac fluctuations. 

The obtained experimental data were statistically 
processed using the Statistica 10 software (StatSoft, USA). 
The data were checked for normality of the distribution using 
the Shapiro-Wilk test. Most of the collected data did not 
comply with the law of normal distribution. Accordingly, the 
median (Me), along with upper and lower quartiles (Q1; Q3) 
were calculated, and nonparametric Mann-Whitney U test 
was employed for intergroup comparisons. The critical level 
of p when testing statistical hypotheses was considered at the 
level of 0.05.  

Results 

We established conducted a significant increase in fasting 
glucose and glycated hemoglobin concentrations in animals 
of the comparison group vs. control animals, which verified 
the development of alloxan-induced diabetes (Figure 1). 

In animals of the treatment group No. 1, liraglutide, used 
at a dose of 0.2 mg/kg per day for 21 days (from day 21 
through day 42 of the experiment), significantly reduced the 
level of fasting blood glucose by 52% relative to the 
comparison group; however, the values remained higher than 
the control values. The concentration of glycated hemoglobin 
in the blood of the treatment group 1 rats on day 42 of the 
experiment was 23% lower than in the rats of the comparison 
group, but 28% higher than in control animals.  

The level of fasting blood glucose on day 42 of the 
experiment in animals of the treatment group No. 2, which 
were administered liraglutide at a dose of 0.4 mg/kg per day, 
was three times lower relative to the values of the comparison 
group and had no statistically significant difference with the 
control group. The concentration of glycated hemoglobin in 
these animals on day 42 of the experiment was 53% lower 
than in rats with alloxan-induced diabetes, and did not differ 
statistically significantly from the control rats. 

When comparing the two treatment groups against each 
other, we discovered that when the drug was administered at 
a dosage of 0.4 mg/kg per day, the fasting glucose level on 
day 42 day of the experiment was 30% lower than at a dosage 
of 0.2 mg/kg per day. At the same time, the concentration of 
glycated hemoglobin was also significantly lower than the 
values of the group with a lower dosage of liraglutide.  

Hence, we conclude that the introduction of liraglutide to 
white rats with absolute insulin deficiency for 21 days at a 
dosage of 0.2 mg/kg per day led to partial normalization of 
carbohydrate metabolism. At the same time, an increase in 
the dose of liraglutide up to 0.4 mg/kg per day resulted a 
complete normalization of glucose and glycated hemoglobin 
levels in animals with alloxan-induced diabetes. 

When assessing the state of the microcirculatory bed, we 
found that in the animals of the comparison group on day 42 
of the experiment, a statistically significant decrease in 
perfusion index was observed, compared with the animals in 
the control group, indicating a reduction in tissue blood flow 
(Figure 2). 

In animals of the treatment group No. 1, with the 
introduction of liraglutide at a dose of 0.2 mg/kg per day 
against the background of insulin deficiency, an increase in 
perfusion index by 26% (p˂0.001) was observed relative to 
the comparison group by day 42 of the experiment. The 
perfusion index in this group did not have statistically 
significant differences with the values of the control group, 
which indicated an improvement in the state of the 
microcirculation.  

Using the wavelet analysis of LDF images, we established 
that decrease in blood flow in the group of animals with 
alloxan-induced insulin deficiency was accompanied by 
redistribution of contributions on the part active mechanisms 
of microcirculation modulation. The normalized amplitudes 
of endothelial and neurogenic fluctuations on day 42 of the 
experiment were significantly lower than the control values. 
The values of myogenic fluctuation amplitude did not change 
statistically significantly (Table). 
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Figure 1. Changes in the indicators of carbohydrate metabolism in rats during the course administration of liraglutide 
against the background of absolute insulin deficiency 

Statistically significant differences are indicated as follows: a star demotes, ‘compared with the control’; a triangle denotes, ‘compared with the 
comparison group’; a rectangle denotes, ‘compared with a dosage of 0.2 mg/kg per day’; DM – diabetes mellitus. 

 

 Figure 2. Changes in perfusion of foot dorsum skin in rats 
with a course of administration of liraglutide against the 
background of absolute insulin deficiency  

Statistically significant differences are indicated as follows: a star 
demotes, ‘compared with the control’; a triangle denotes, ‘compared 
with the comparison group’; a rectangle denotes, ‘compared with a 
dosage of 0.2 mg/kg per day’; DM – diabetes mellitus. 

 

It was also established that the perfusion index 
restoration in animals of the treatment group No. 1, in which 
liraglutide was used at a dosage of 0.2 mg/kg per day, 
occurred mainly due to an increase in the amplitudes of 
endothelial fluctuations by 23.2% (p=0.438) in relation to 
comparison group. Neurogenic fluctuations using the 
indicated dosage did not differ statistically from the control 
group. Along with this finding, we also observed that the 
amplitude of endothelial fluctuations in animals of the 
treatment group No. 2 increased relative to the comparison  
group by 92.6% (p=0.001) when using liraglutide dosage of 
0.4 mg/kg per day. 

 

Table. Changes in normalized amplitudes of blood flow 
fluctuations in rats with the introduction of liraglutide 
against the background of experimental diabetes: Ме (Q25; 
Q75) 

Parameters 
Control 

(n=20) 

Comparison 

group 

(diabetes 

mellitus) 

(n=20) 

Treatment 

group (diabetes 

+ 0.2 mg/kg per 

day of 

liraglutide 

(n=10) 

Treatment group 

(diabetes + 0.4 

mg/kg per day of 

liraglutide 

(n=20) 

Amplitude of 

endothelial 

fluctuations, 

conventional 

units 

17.7 

 (14.0; 20.0) 

9.5 (8.5; 10.9) 

p1=0.002 

11.7 (7.8; 12.5) 

p1=0.017 

p2=0.438 

18.3 (12.8; 23.5) 

p1=0.583 

p2=0.001 

р3=0.003 

Amplitude of 

neurogenic 

fluctuations, 

conventional 

units 

11.2 

 (10.3; 14.3) 

10.0 (7.7; 11.3) 

p1=0.043 

13.2 (8.6; 13.9) 

p1=0.859 

p2=0.095 

9.7 (7.2; 12.3) 

p1=0.074 

p2=0.785 

р3=0.180 

Amplitude of 

myogenic 

fluctuations, 

conventional 

units 

10.3  

(9.9; 10.5) 

10.3 (8.0; 12.2) 

p1=0.905 

9.4 (8.5; 13.9) 

p1=0.929 

p2=0.905 

9.2 (5.8; 11.5) 

p1=0.303 

p2=0.265 

р3=0.319 

p1 – vs the control; p2 – vs the comparison group; р3 – vs liraglutide 
dose of 0.2 mg/kg per day. 

 

When comparing the treatment groups with each other, 
we revealed that when using liraglutide at a dosage of 0.4 
mg/kg per day, the perfusion index of the foot dorsum skin in 
rats with alloxan-induced insulin deficiency was 7% 
(p=0.012) higher than when using liraglutide dosage of 0.2 
mg/kg per day (Figure 2). At the same time, the amplitudes 
of endothelial fluctuations were also statistically significantly 
higher in the group of animals with a higher dosage of the 
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drug, and the amplitudes of neurogenic fluctuations did not 
have a significant difference between the treatment groups 
with different dosages of liraglutide (Table). 

Thus, the obtained data confirmed that the course 
administration of liraglutide from day 21 of the experiment at 
a dosage of 0.2 mg/kg per day significantly improved the 
perfusion of the foot dorsum skin mainly due to stimulation 
of endothelium-dependent vasodilation and a decrease in the 
neurogenic tone of the precapillary link of the 
microcirculation. The course administration of liraglutide at a 
dosage of 0.4 mg/kg per day was the most effective for 
correcting the development of microcirculatory disorders in 
white rats with alloxan-induced diabetes, which was 
manifested by a greater degree of increase in the foot dorsum 
skin perfusion and endothelium-dependent vasodilation, 
compared with the course of administration of a lower dose. 

 

Discussion  

During the experiment, using LDF, we discovered that the 
introduction of alloxan led to a statistically significant 
decrease in the perfusion index, as well as the normalized 
amplitudes of endothelial and neurogenic fluctuations on day 
42 of the experiment. This was consistent with the data of 
previous studies, indicating that the reduction of tissue blood 
flow in alloxan-induced insulin deficiency was associated 
with a decrease in endothelium-dependent vasodilation and 
an increase in neurogenic tone [12]. 

The integrity and function of the endothelium is critical 
for tonic regulation of blood flow, primarily through the 
release of vasoconstrictor and vasodilator factors that change 
the lumen of the vessels, which determines the local vascular 
tone in each segment. Disorder of endothelium-dependent 
relaxation is a characteristic clinical feature of endothelial 
dysfunction, which was observed in experimental models of 
diabetes mellitus [13].  

Chronic hyperglycemia imposes an altering effect on the 
endothelium, an important mechanism of which is the 
activation of protein kinase C, which launches multiple 
intracellular signaling mechanisms that cause an increase in 
permeability of the vascular wall and disorder of 
endothelium-dependent vascular dilatation, suppressing the 
activity of soluble guanylate cyclase, an enzyme, by which 
nitric oxide (NO) implements its effects, in particular, 
vasorelaxation [14]. It is worth noting that an important role 
in the pathogenesis of vascular complications of diabetes 
mellitus is played by the activation of oxidative stress: an 
imbalance of prooxidants and antioxidants, leading to the 
accumulation of highly toxic products of free radical 
oxidation, which, in turn, leads to the development and 
progression of endothelial dysfunction [15].  

The results of clinical studies of liraglutide vasoprotective 
effect are currently demonstrated only in patients with type 2 
diabetes mellitus and are not unambiguous. For instance, an 
improvement in endothelium-dependent vasodilation was 
found in patients with type II diabetes mellitus under the 
influence of liraglutide [9]. Data of other authors implied that 
liraglutide therapy did not significantly affect either coronary 
or peripheral microvascular function in patients with type II 
diabetes mellitus [16]. The inconsistency of published data 
necessitates further research into the nature and mechanisms 
of the vasoprotective effects of liraglutide in diabetes.  

In vitro experiments have demonstrated certain biological 
effects resulting from the impact of GLP-1 on the vascular 
endothelium. Thus, the effect of liraglutide on endothelial 

cells leads to an increase in NO production and a significant 
decrease in the level of oxidative stress [17]. The positive 
effects on the vascular endothelium were confirmed by in 
vivo studies. In particular, intravenous administration of 
native GLP-1 to male rats for 2 h was accompanied by a 
significant improvement in microcirculation, confirmed by 
ultrasound examination [18], which were indicative of the 
presence of a direct effect of incretins on vascular tone due to 
the induction of endothelium-dependent vasodilation. It 
should be noted that in a model of arterial hypertension in 
mice, glucagon-like peptide analogs lowered blood pressure 
and exerted an endothelium-protective effect, regardless of 
glycemia level [18]. Therefore, the positive effects of 
liraglutide on microcirculation, revealed in the course of our 
study, may be associated with the normalization of 
carbohydrate metabolism, which prevents further alteration 
of endothelial cells [17], or else – with direct endothelium-
protective effect of liraglutide [18].  

According to our results, the effect of liraglutide on 
microvasculature perfusion is dose-dependent. The dose 
dependence of liraglutide is also characteristic of the process 
of restoring the amplitude of endothelial fluctuations and is 
not characteristic of neurogenic fluctuations, which indicates 
the sensitivity of the mechanism of endothelium-dependent 
dilatation to the concentration of the GGP-1 analog in the 
bloodstream. It should be noted that an increase in the 
amplitude of endothelial fluctuations indicates an increase in 
the production of an endogenous vasodilator, nitric oxide, by 
endotheliocytes [19]. This may be due to the direct effect of 
liraglutide on endothelium-dependent dilatation (an increase 
in the direct dilating effect with increasing dose); on the other 
hand, a greater effect of a dosage of 0.4 mg/kg per day is 
associated with a complete normalization of carbohydrate 
metabolism, which suggests a pronounced reduction of 
endothelial alteration by hyperglycemia. Previously 
demonstrated results suggest that liraglutide at two doses, 
0.2 and 0.4 mg/kg per day, increases the reduced 
concentration of nitric oxide metabolites in diabetic rats. This 
can be regarded as a restoration of the production of this 
vasodilator [11].  

It was demonstrated that liraglutide in certain dosages 
can have different effects on carbohydrate metabolism and 
lipid profile. However, the authors did not find significant 
differences in the intensity of the increase in the serum 
concentration of NO metabolites in rats with diabetes 
mellitus using the indicated dosages. It should be noted that 
the concentration of NO metabolites in serum represents the 
net activity of different NO synthase isoforms and does not 
directly correlate with endothelium-dependent vasodilation. 
In particular, in diseases of the cardiovascular system, 
developing endothelial dysfunction is associated with an 
increase in the level of nitrites in the bloodstream due to the 
activity of the inducible form of NO synthase [20]. Hence, the 
presented results of this study clarify the nature of the 
response of the nitroxidergic system to administration of 
liraglutide, and show the dependence of the endothelial NO 
synthase isoform activation on the used dosage.  

 

Conclusion 

The results of our study allow us concluding that the 
course of administering liraglutide has caused the restoration 
of microcirculation in rats with alloxan-induced diabetes in a 
dose-dependent manner, increasing a perfusion of the foot 
dorsum skin relative to the comparison group by 26% when 
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using a dose of 0.2 mg/kg, and by 34% whenever using a dose 
of 0.4 mg/kg per day. Normalization of microcirculation 
under the action of liraglutide was carried out by stimulating 
endothelium-dependent vasodilation and reducing the tone 
of the precapillary link in the microvasculature. The 
dependence of this effect on liraglutide dosage was explained 
by different intensity of endothelium-dependent vasodilation 
restoration. Meanwhile, the restoration of neurogenic tone 
was equally pronounced when using the indicated doses. 

The obtained data, characterizing the endothelium-
protective effects of liraglutide, confirmed the expediency of 
its use in patients with diabetes mellitus with the goal to 
prevent the development and progression of endothelial 
dysfunction.  
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