
ORIGINAL ARTICLE www.aaem.pl

http://creativecommons.org/licenses/by-nc/3.0/pl/

https://creativecommons.org/licenses/by-nc/3.0/pl/deed.en

Insulin receptors in the CA1 field of 
hippocampus  and selected blood parameters in 
diabetic rats fed with bilberry fruit
Małgorzata Matysek1,A-F , Kamila Borowiec2,A-F , Dominik Szwajgier2,A-B,E-F ,  
Radosław Szalak1,B-C,F  , Marcin Bartłomiej Arciszewski1,D-F 

1 Faculty of Veterinary Medicine, Department of Animal Anatomy and Histology, University of Life Sciences, Lublin, 
Poland  
2 Faculty of Food Science and Biotechnology, Department of Biotechnology, Microbiology and Human Nutrition, 
University of Life Sciences, Lublin, Poland  
A – Research concept and design, B – Collection and/or assembly of data, C – Data analysis and interpretation,  
D – Writing the article, E – Critical revision of the article, F – Final approval of article

Matysek M, Borowiec K, Szwajgier D, Szalak R, Arciszewski MB. Insulin receptors in the CA1 field of hippocampus and selected blood 
parameters in diabetic rats fed with bilberry fruit. Ann Agric Environ Med. 2021; 28(3): 430–436. doi: 10.26444/aaem/128879

Abstract
Introduction. Bilberry fruit is believed to be a promising factor in the treatment of diabetes mellitus. Chronic hyperglycaemia 
affects the function of the central nervous system, which may be manifested as changes in hypothalamic insulin signalling.
 Materials and method. Using DPPH and ABTS assays, total phenolic content in bilberry fruit and its antioxidant activities 
were examined. The selected biochemical parameters of blood (glucose, fructosamine, total cholesterol, HDL-cholesterol, 
LDL-cholesterol and triglycerides), as well as the expression of insulin receptors, were studied in the hippocampal CA1 field 
of healthy and diabetic (streptozotocin-induced; 60 mg kg-1 body weight) Wistar rats fed with bilberry fruit (16 g kg-1 body 
weight per day; 6 weeks), as well as of the corresponding control groups.   
Results. Biochemical analyses revealed ambiguous results, but a significantly (P<0.05) decrease in the level of LDL-cholesterol 
was observed in the group of healthy rats supplemented with bilberry pulp after 6 weeks of the treatment. There was also 
a difference (P<0.05) in the level of LDL-cholesterol in the mentioned healthy animals fed with bilberry, versus the healthy 
control group. An increased number of insulin receptors-immunoreactive neurons as well as nerve fibres in the CA1 field 
of diabetic rats fed with bilberry fruit was also found.   
Conclusions. An inclusion of bilberry fruit in the daily diet during the course of diabetes can lead to plasticity of hippocampal 
neurons/nerve fibres, manifested by changes in insulin receptors expression. Whether or not the observed changes had 
protective effects (by reducing damages caused by diabetes mellitus) on the function of the central nervous system neurons 
needs further study.
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INTRODUCTION

Bilberry (Vaccinium myrtillus L.) has been used for centuries 
in traditional medicine. The possible application of bilberry 
leaves as anti-diabetic agent is commonly suggested due to 
the presumed ability of the phenolic compounds to decrease 
blood glucose and blood triglyceride levels [1, 2]. The anti-
diabetic activity of bilberry is was also widely known [3, 
4, 5]. Bilberry fruit is a valuable source of polyphenolic 
compounds, i.e. anthocyanins and flavonols, including 
quercetin [6], which can protect against oxidative stress 
and minimize the risk of tissue injury caused by diabetes [7]. 
Antioxidant properties of the bilberry extract have also been 
proved in STZ-diabetic adult Swiss albino mice [8]. Bilberry 
fruit can be also considered a rich source of acetyl- and 
butyrylcholinesterase inhibitors [9, 10], that is, compounds 
which are approved worldwide for use in treatment during 
the mild and moderate stages of Alzheimer’s disease (AD). 

According to the results of previous studies, it is highly likely 
that patients who suffer from diabetes mellitus (DM) will 
also develop AD and it is even called type III diabetes [11, 
12]. The relationship between DM and AD is being widely 
investigated using animal models, including a model of DM 
induction as a result of STZ injection [2, 4, 8].

The effect of chronic hyperglycaemia comprises accelerated 
brain aging [13] and indivertible changes in the structures 
of the central nervous system (CNS) [14], eventually causing 
memory impairments. In addition, it has been found that 
in DM, nerve cells do not respond to insulin due to the 
dysfunction of insulin receptors (InRs) [15]. InRs are 
unevenly distributed in different brain compartments with 
high concentrations being identified in the hippocampus 
area responsible for cognitive functions [16]. Insulin 
is indispensable for the proper functioning of the brain 
by stimulating InRs located in the synaptic membrane, 
thus participating in the process of creating new synaptic 
connections [17]. As a result, at optimum concentrations of 
100 µU or 1 mU, insulin modulates memory processes in 
the healthy brain [18].
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OBJECTIVE

The aim of the presented study was to compare the expression 
of InRs in the CA1 field of hippocampus in healthy and 
diabetic rats fed bilberry fruit-rich diets, and thus to 
determine whether or not antioxidants present in bilberry 
fruit may potentially act as neuroprotective factors. In 
addition, the levels of diabetic markers, such as blood glucose 
and fructosamine, as well as lipid profile, were examined in 
non-diabetic and diabetic rats fed for 6 weeks with bilberry 
pulp, or only standard unmodified feed to control the most 
usual complications in DM (hyperglycemia and abnormal 
lipid profile).

MATERIALS AND METHOD

Bilberry preparation. Fresh bilberry fruit harvested in 
forests in the Lublin region of eastern Poland was purchased 
at a local market in Lublin. The identity of fruit samples 
was authenticated by Prof. Kazimierz Głowniak at the 
Department of Pharmacognosy/Medicinal Plant Laboratory, 
at the Medical University in Lublin. Bilberries were mashed up 
using a Thermomix TM31 (Vorwerk, Wuppertal, Germany) 
for 3 min (maximum speed at ambient temperature) followed 
by portioning and freezing (–20 °C) for animal’s diet and total 
phenolic content (TPC) assay or centrifugation (4 °C, 13,131 g, 
30 min) for analyses of antioxidant effects.

Determination of dry matter content in bilberry pulp. The 
dry matter content of bilberry was determined in accordance 
with Polish Standards PN-A-75101-03: 1990. The prepared 
bilberry pulp (see Bilberry preparation) was dried (105 ± 5 °C) 
in duplicate until constant weight was obtained.

TPC assay. 5 g of homogenized berries were extracted with 50 
mL of methanol at ambient temperature for 1 h with constant 
shaking. The solution was filtered and the residue repeatedly 
extracted with 50 mL of methanol for 1 h. Finally, the extracts 
were blended and diluted to 500 mL with methanol. The TPC 
in berry extracts was determined using Folin–Ciocalteu 
reagent (Sigma-Aldrich, St. Louis, MO, USA), as reported 
previously [19]. The reagent was prepared by diluting a 
stock solution with distilled water (1:10, v/v). 1 mL of the 
sample was placed in testing cuvettes and mixed with 5mL 
of Folin–Ciocalteu’s phenol reagent and 4 mL of sodium 
carbonate (7.5%). Absorbance was measured at 765 nm in 
a UV-Vis spectrophotometer UV-1280 (Shimadzu Europa 
GmbH, Duisburg, Germany) after incubation at ambient 
temperature for 1 h, TPC was determined based on the 
calibration curve and expressed in mg of gallic acid (Sigma-
Aldrich) equivalents (GAE) per 100 g of berries (fresh weight, 
FW). All samples were examined in 4 replicates.

Antioxidant activity measured using 1,1-diphenyl-2-
picrylhydrazyl (DPPH). The method of Brand-Williams 
et al. [20] was used with own modifications. 0.020 mL of 
bilberry juice (25 mg dry mass mL-1) was mixed with 0.080 
mL of distilled de-ionized (DDI) water and 0.090 mL of 
DPPH (Sigma-Aldrich) solution in methanol (0.06 mM). 
Absorbance (A1) was read at 515  nm over 5 min at 30  s 
intervals (20 °C, 96-well microplate reader Tecan Sunrise, 
Grödig, Austria). Negative blank samples (DDI water instead 

of bilberry juice) were also run (A0). Blanks containing juice 
and DDI water (without DPPH solution; A2) were considered 
in the final calculations: A0 – (A1 – A2). Antiradical activity was 
expressed as Trolox equivalent antioxidant capacity (TEAC 
value) using Trolox (Sigma-Aldrich) standard solutions in 
DDI water (0.006–0.623 mM). All samples were examined 
in 4 replicates.

Antioxidant activity measured using 2,2’-azino-bis 
(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS). 
Original methods were used with own modifications [21]. 
ABTS (Sigma-Aldrich) solution (in DDI water, 7 mM, 
containing 2.45 mM potassium persulphate) was prepared. 
After 24 h at ambient temperature, the absorbance of ABTS at 
700 nm was adjusted to 0.70±0.02. Next, 0.010 mL of bilberry 
juice (25 mg dry mass mL-1) was mixed with 0.100 mL of DDI 
water and 0.090 mL of ABTS solution. Absorbance (A1) was 
read at 700 nm over 5 min at 30 s intervals (20 °C, Tecan 
Sunrise). Negative blank samples (bilberry juice replaced 
with DDI water) were also run (A0). The absorbance of blanks 
containing juice and DDI water (without ABTS solution; 
A2) was also used in order to calculate the activity using the 
equation: A0 – (A1 – A2). Antiradical activity was expressed 
as TEAC value using Trolox standard solutions in DDI water 
(0.006–0.623 mM). All samples were examined in 4 replicates.

Animals. Forty (n = 40) male Wistar rats were provided by the 
Centre for Experimental Medicine of the Medical University 
of Białystok, Poland. The study was approved by the 2nd Local 
Ethics Committee at the University of Life Sciences in Lublin, 
Poland (License Nos. 105/2010, 15/2011 and 34/2012). All 
efforts were made to minimize animal suffering. Animals 
were caged individually with free access to feed (standard 
rodent feed, LSM, Agropol S.J., Motycz, Poland) and water 
ad libitum, and maintained on a 12-h-light/12-h-dark cycle 
at a temperature of 23±1oC. Prior to the main experiment, 
the animals were acclimatized to the laboratory environment 
and to the investigators who handled them.

Forty 3-month-old animals (weight 330–420 g) were split 
randomly into 4 groups (n = 10). The animal model of DM was 
induced in 2 groups (n=20) in the overnight-fasted animals 
by a single intraperitoneal injection of STZ (60 mg kg-1 body 
weight, BW; Sigma-Aldrich). A freshly-prepared solution of 
STZ was dissolved in sterile citric buffer (100 mM, pH 4.5) 
containing 0.9% (m/v) sodium chloride (NaCl). The control 
group received a single intraperitoneal injection of sterile 
citric buffer (100 mM, pH 4.5) containing 0.9% (m/v) NaCl. 
For 48 h, the animals drank tap water with 5% (m/v) glucose 
instead of pure tap water [22, 23]. The elevated blood glucose 
and plasma fructosamine levels were determined 48 h after 
hyperglycaemia had been confirmed. Only animals with 
glucose and fructosamine levels above 300 mg 100 mL-1 and 
245 μM, respectively, were included in this experiment. As 
a result, a total of 36 rats (16 diabetic rats, 20 healthy rats) 
completed the experiment.

The diet supplemented with bilberry pulp was continued 
for 6 weeks in the following groups: diabetic group (A) that 
received standard feed (n = 8), diabetic group (B) that received 
standard feed supplemented with bilberry pulp (n = 8), 
healthy group (C) that received standard feed supplemented 
with bilberry pulp (n = 10) and the healthy group (D) that 
received standard feed (n = 10). Daily intake of standard feed 
was 30 g, but in groups of animals fed with bilberry pulp, 7 g of 
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standard feed was replaced by 16 g of bilberry kg-1 BW per day 
(human equivalent dose (HED) – 3 g kg-1 BW); the amount of 
uneaten bilberries was controlled and counted) [24]. All rats 
received their respective diets until euthanized (by carbon 
dioxide overdose) at the age of 4.5 months. Body weight and 
the weight of unconsumed feed were continuously controlled.

Blood analysis. Blood was collected from the caudal vein 
of overnight-fasted animals anaesthetized by xylazine 
(Biowet, Poland; intra musculum) at the beginning of the 
experiment. After 6 weeks, blood samples (cardiac puncture) 
were taken from premedicated, overnight-fasted animals 
before euthanasia by carbon dioxide. Glucose levels were 
measured (glucometer GS, test strips Accu-Chek Go, Roche 
Diagnostic GmbH, Mannheim, Germany) directly after the 
collection of blood. Serum was separated by centrifugation 
(2000  g, 15 min., room temperature) and stored (–20 °C). 
The concentrations of fructosamine, total cholesterol, HDL-
cholesterol, LDL-cholesterol and triglycerides were estimated 
within 36 h at the Veterinary Diagnostic Laboratory LAB-
WET in Warsaw, Poland.

Tissue sampling, immunohistochemistry and antibodies. 
The brains from 36 male Wistar rats were dissected out 
immediately after slaughter and were stored in 10% buffered 
formalin (pH 7) for 12 h at 4 °C, dehydrated in ethyl alcohol, 
followed by embedding in paraffin blocks according to a 
previously described method [25]. Briefly, the paraffin 
blocks were cut into 5 µm-thick sections which were placed 
on silanized glass-slides (SuperFrost Plus, Thermo Fisher 
Scientific GmbH, Dreieich, Germany). The sections were 
incubated for 24 h at 4 °C with primary polyclonal antibody 
directed against insulin R/CD220 antibody (NBP2–16970 
novusbio.com, Centennial, CO, USA). Next day, the slides 
were washed in washing buffer (2 × 15 min) and covered with 
anti-mouse/rabbit Ig (ImPRESSTM Reagent KIT, MP-7500 
Vector, Burlingame, CA, USA) for 1 h. For the visualization of 
primary antisera, 3,3 -̀diaminobenzidine (ImmPACTTM DAB, 
SK-4105 Vector, Burlingame, CA, USA) chromogen was used. 
A working solution of DAB was applied to the slides and the 
process monitored under a light microscope. Finally, the slides 
were rinsed with distilled water. Counterstaining for 20 min 
with Mayer’s haematoxylin was performed. After washing in 
distilled water, the slides were dehydrated in an ethyl alcohol 
series, cleared in xylene, mounted in DPX (mountant for 
histology, Merck KGaA, Darmstadt, Germany) and cover 
slipped. The slides were viewed under a light microscope (Axio 
Lab, Zeiss, Jena, Germany) connected to a digital camera. 
From each animal, approx. 25–30 sections immunostained 
for insulin receptors were analyzed. The distribution of InRs 
were studied using Cell D software (Olympus). No fewer than 
100 of InRs neurons in CA1 field were viewed and counted. 
The specificity of antibodies used was verified using a negative 
control in which primary antibodies were replaced with 
identical concentrations of appropriate non-immune IgG.

Statistical analysis. Results were expressed as mean ± 
standard deviation (SD). An inter-group variation was 
measured by one way analysis of variance (ANOVA) followed 
by post hoc Tukey’s HSD test (biochemical blood parameters) 
or by Kruskal-Wallis test (InRs). Statistical significance was 
considered at P<0.05. STATISTICA 8.0 software (StatSoft 
Inc., Tulsa, OK, USA) was used.

RESULTS

TPC, DPPH and ABTS assays. The dry matter content 
of the bilberry pulp for the animal’s diet was estimated 
as 13.30±0.43%. In addition, the nutritional value of the 
bilberry fruit was performed (Tab. 1). The results of the 
antioxidant and antiradical assays (supplementary material) 
confirmed previous findings that bilberry is a valuable source 
of polyphenols (TPC 611.45±43.60 mg GAE 100 g-1 FW) and 
that it ‘scavenged’ effectively both DPPH (TEAC 0.35±0.02 
mM) and ABTS radicals (TEAC 0.46±0.01 mM).

Table 1. Nutritional value of 100 g of bilberry fruit [26]

Energy
51 kcal

214 kJ

Protein 0.80 g

Total lipid (fat) 0.60 g

Fibre, total dietary 3.20 g

Sugars, total 12.20 g

Sucrose 0.40 g

Glucose (dextrose) 2.90 g

Fructose 3.20 g

Biochemical analysis. Control of selected biochemical 
parameters of blood was performed. The concentrations of the 
following compounds were analyzed: glucose, fructosamine, 
total cholesterol, LDL-cholesterol, HDL-cholesterol and 
triglycerides (Fig. 1). In the study, biochemical parameters 
were evaluated in healthy (C–D) and diabetic (A–B) rats at the 
beginning of the experiment, as well as after administration 
of bilberry pulp for 6 weeks.

At the beginning of the experiment, the expected 
differences between the healthy and diabetic rats were noted; 
namely, the higher levels of glucose (644.5±169.4 mg 100 mL-1 
vs. 153.7±29.8 mg 100 mL-1), fructosamine (338.0±10.1 µM 
vs. 185.7±13.4 µM), cholesterol (181.0±49.2 mg 100 mL-1 vs. 
71.2±11.5 mg 100 mL-1) and triglycerides (505.3±111.1 mg 
100 mL-1 vs. 117.0±33.1 mg 100 mL-1) in group A (diabetic 
control) than in group D (healthy control) were observed 
(P<0.05). Surprisingly, even the HDL-cholesterol level was 
significantly (P<0.05) elevated in group A (46.3±7.1  mg 
100 mL-1), in comparison with group D (26.9±4,1 mg mL-1) 
(Fig. 1E).

Based on the results within the groups (comparison 
between the beginning and end of the study), a significant 
difference (P<0.05) in glucose concentration in group B 
(Fig. 1A) was observed. On the other hand, LDL-cholesterol 
levels were significantly (P<0.05) reduced in groups C and 
D. Namely, the level of LDL-cholesterol in group C was 
significantly (P<0.05) reduced from 27.0±4.7 mg 100 mL-1 
(at the beginning of the study) to 7.3±2.9 mg 100 mL-1 (after 
6 weeks of the treatment) during the study (Fig. 1D). The 
difference (P<0.05) in the level of LDL-cholesterol was also 
observed between groups C and D after 6 weeks of the study 
(Fig. 1D). In addition, the concentration of HDL-cholesterol 
significantly (P<0.05) increased within groups A and B (final 
concentrations: 75.0±19.8 mg 100 mL-1 and 81.5±19.8 mg 100 
mL-1, respectively), as well as within groups C and D (final 
concentrations: 42.0±8.5 mg 100 mL-1 and 49.5±6.4 mg 100 
mL-1, respectively) after 6 weeks, regardless of whether or 
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not the rats were fed with bilberry (Fig. 1E). However, no 
significant differences (P<0.05) in the levels of total cholesterol, 
LDL-cholesterol, HDL-cholesterol and triglycerides between 
group B and group A were observed after 6 weeks of the 
experiment (Fig. 1). Increased levels of HDL-cholesterol were 
observed in all studied groups after 6 weeks of the study, 
regardless of the inclusion of bilberry in the diet, which 
suggests the presence of the additional factor which could 
have affected the measured parameter (Fig. 1E). It is assumed 
that the standard rodent diet might play a crucial role in this 
phenomenon; namely, that the LSM diet contains 5% fibre 
(supplementary material). In terms of previous findings that 
a high-fibre diet induced a higher plasma HDL-cholesterol 
level [27], it is suggested that the used standard rodent diet 
was the prime reason for the elevation of HDL-cholesterol 
levels over 6-week time of the experiment.

Also, the expected effect (P<0.05) of bilberry 
supplementation on glucose and fructosamine concentrations 
did not occur in the diabetic rats receiving the treatment 
(group B). Moreover, the glucose level was even significantly 

(P<0.05) increased in group B after 6 weeks of the treatment. 
The most probable cause for the increased glucose level 
despite the administration of bilberry in the diet, is believed 
to be advanced pancreatic damage in the animal model of 
DM caused by the STZ injection.

InRs in the brain. As a result of the authors’ studies, no 
swelling was found in InRs-immunoreactive (InRs-ir) 
neurons, nor changes in the size of the hippocampus after 
6 weeks of the experiment. However, a significant decrease in 
the number of InRs-ir neurons in the hippocampal CA1 field 
was observed in group A, compared to the normal group D 
(25.8 ± 2.4% vs. 63.6 ± 3.2%, respectively) (Fig. 2). In group 
D, it was confirmed that InRs-ir neurons showed an intense 
(+++) nuclear/cytoplasmic (nuc+/cyt+) reaction. InRs-ir 
neurons prevailed in the pyramidal layer of the hippocampal 
CA1 field, as well as in the marginal layer. In contrast, in 
group A, the nuclear/cytoplasmic reaction was weak (+) 
and individual InRs-ir neurons were located only in the layer 
of pyramidal cells of the CA1 hippocampal field.

Figure 1. Effect of administration of bilberry (16 g kg-1 BW per day) on the concentrations of glucose, fructosamine, cholesterol, LDL-cholesterol, HDL-cholesterol and 
triglycerides in diabetic and normal rats at the beginning and after 6 weeks of treatment.
(A) diabetic group, n = 8; (B) diabetic group fed with bilberry pulp, n = 8; (C) healthy group fed with bilberry pulp, n = 10; (D) healthy group, n = 10. Values are given as 
mean±SD. *P<0.05
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Taking into account the groups of animals which were fed 
with bilberry fruit, it was observed that there was a significant 
increase (P<0.05) in the number of InRs-ir neurons in 
group B, compared to group A (34.0 ± 1.8% vs. 25.8 ± 2.4%, 
respectively) (Fig. 2). Interestingly, a positive response in 
group B was observed only in the cytoplasm, while in group 
A (as well as in the groups: C and D), a positive reaction was 
found both in the cell nucleus and in the cytoplasm (Fig. 3). 
The significant differences (p > 0.05) concerning the number 
of InRs-ir neurons were also observed between groups B and 
C (34.0 ± 1.8% vs. 62.8 ± 3.0%, respectively) (Fig. 2).

A positive reaction was also observed in the dendritic 
fibres in the hippocampal CA1 field. In group B, the fibres 
were long and numerous compared to group A where only 
individual InRs-ir fibres were observed. In groups C and D, 
positive reactions in the nerve fibres were also detected, but 
they were not as numerous as in group B (Fig. 3).

DISCUSSION

The results obtained in the TPC, DPPH and ABTS assays are 
in line with reports about the polyphenolic content in bilberry 
fruit [6, 28, 29]. High antioxidant content and capacity of 

Figure 2. Effect of administration of bilberry (16 g kg-1 BW per day) on the number 
of InRs-ir neurons in the CA1 field of hippocampus in diabetic and healthy rats.
(A) diabetic group, n = 8; (B) diabetic group fed with bilberry pulp, n = 8; (C) healthy 
group fed with bilberry pulp, n = 10; (D) healthy group, n = 10. Values are given 
as mean±SD. Statistically significant differences for: *ANOVA P<0.05; **KRUSKAL-
WALLIS P<0.05

Figure 3. Immunoreactivity of InRs in moderate numbers of neurons of the rat field CA1 of the hippocampus is observed.
(A) diabetic group, n = 8; (B) diabetic group fed with bilberry pulp, n = 8; (C) healthy group fed with bilberry pulp, n = 10; (D) healthy group, n = 10. I. the marginal layer 
II. the pyramidal layer III. the multiform layer. The arrows indicate InRs-ir neurons (single arrow) and InRs-ir fibres (double arrow) in the CA1 field of the hippocampus. 
Magnification ×20 (A-D)
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bilberry extracts were also confirmed using different methods 
and summarised by Hidalgo and Almajano [30].

Taking the composition of bilberry fruit into account 
(phenolic compounds as well as simple sugars) [31], the control 
of selected biochemical parameters of blood was found to be 
highly justified. However, not only the presented results but 
also the results of previous studies are quite inconclusive. 
On the one hand, no differences in lipid metabolism, glucose 
levels or body weight were revealed in the study of people 
(aged ca. 50 years, n = 15) who consumed an equivalent dose 
of 400 g of fresh bilberries for 8 weeks, compared to a control 
group (aged ca. 50 years, n = 15) [32]. Another example is 
the experiment on STZ-induced diabetic rats exhibiting 
hyperglycaemia after 6 weeks, in which oral administration 
of bilberry extract (100 mg kg-1) did not affect blood glucose 
levels and body weight [33]. There were also no differences 
in the levels of total cholesterol or HDL- or LDL-cholesterol 
between diabetic rats fed with bilberry (6.25%, w/w in feed 
for 4 weeks) and a control group receiving standard feed, as 
reported by other researchers [34].

But on the other hand, there are studies which proved 
certain effects of bilberry on biochemical parameters in 
vivo, e.g. the reduced concentration of glucose as well as total 
cholesterol, LDL-cholesterol and triglycerides in alloxan-
induced diabetic rats [35], decreased concentrations of total 
cholesterol, but unchanged levels of glucose and triglycerides 
[36]. Increased HDL-cholesterol and decreased levels of LDL-
cholesterol and triglycerides were observed in the plasma of 
volunteers who consumed 150 g of frozen stored bilberries 
3 times a week for 6 weeks [37]. Moreover, the anti-diabetic 
effects of bilberry are quite well documented [38]. The 
decrease in blood glucose and serum insulin and glucose 
levels were reported after incorporating bilberry extract in 
the diet of rats suffering from diabetes type 1 for a period of 
8 weeks [4]. It has also been proven that postprandial insulin 
response decreased in persons whose diets were enriched 
with bilberry [5].

Although the peripheral effects of bilberry in living 
organisms are ambiguous, its role in the treatment of DM is 
still important and needs to be explored. In addition, DM 
also resulted in the disruption of glucose homeostasis in the 
CNS [39]. Several reports have shown that cognitive functions 
are disturbed in the course of diabetes, which is associated 
with structural and electrophysiological alterations and brain 
atrophy [14, 40]. These changes refer to several structures in 
the temporal lobe, especially the hippocampus, considered 
the cerebral centre of memory and reasoning. Moreover, a 
previous study reported that the density of dendritic spines 
decreased in pyramidal cells from diabetic animals, especially 
in the CA1 field of hippocampus [41]. Likewise, dendritic 
atrophy in hippocampal neurons (CA3 field) of rats with 
experimentally induced diabetes was noted [42]. In addition, 
a reduced number of neurons in the hippocampal CA1 
field was reported after long-term diabetes [43]. According 
to the previous study [44], the hippocampus responds to 
chronic diabetes by atrophy (shrinking), but is also capable 
of significant structural reorganization, including dendritic 
remodelling. And finally, the animal models of metabolic 
alterations demonstrate reduction in neuronal density and 
overall brain atrophy [45].

InRs, located on nerve cell, are unevenly distributed in 
the CNS, but are especially numerous in areas responsiblse 
for cognitive processes (hippocampus, frontal cortex, 

hypothalamus) [46]. Therefore, a relationship between 
insulin and memory or cognition can be considered [15]. 

Based on previous findings [16], it can be argued that during 
the course of neurodegenerative diseases, such as AD or 
Parkinson’s disease, the level of expression of InRs in the 
brain’s structures decreases. At the most advanced stage 
of AD, InRs were nearly 80% less numerous compared to a 
healthy brain [12].

It is worth emphasising the increase in the number of 
InRs-ir in the diabetic group with bilberry supplementation, 
in comparison to the control diabetic group. At present, 
there is little information in the literature on the impact of 
bilberries on the CNS in the course of diabetes. The previous, 
pioneer study by the authors of the current study showed that 
antioxidants present in bilberry fruit affect morphology, and 
probably show beneficial effects on hippocampal neurons 
during diabetes [39]. It was also shown that long-term 
supplementation with bilberry extract prevents learning 
deficits, as discussed by Subash et  al. [47]. As previously 
mentioned, bilberry is a well-known source of flavonoids 
and one of their effects is preventing diabetes.

CONCLUSIONS

Bilberry is a valuable source of polyphenolic compounds and 
a source of antioxidant activity. The results of analysis of the 
blood/plasma biochemical parameters are ambiguous, and 
no significant effects (P<0.05) of bilberry supplementation on 
their levels in diabetic rats have been confirmed. However, a 
significant increase in the number of InRs-ir in the diabetic 
group with bilberry supplementation, compared with the 
control diabetic group, was affirmed. Interestingly, a positive 
effect of bilberry supplementation in diabetic animals was 
observed only in the cytoplasm, while in the control normal 
group, a positive response was observed both in the cell 
nucleus and in the cytoplasm. A positive reaction was also 
observed in the dendritic fibres.
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