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1. Introduction
According to modern concepts, metabolic syn-

drome (MS) is a complex of metabolic, hormonal and 
clinical disorders that are high-risk factors for the devel-
opment of cardiovascular diseases. The main manifesta-
tions of MS are considered to be abdominal obesity, insu-
lin resistance and compensatory hyperinsulinemia, 
dyslipidemia, arterial hypertension, impaired glucose tol-

erance/type 2 diabetes mellitus, early atherosclerosis/
ischemic heart disease, hemostasis disorders, hyperurice-
mia and gout, microalbuminuria, hyperandrogenism [1, 2]. 

Today, MS attracts the attention of many special-
ists because it precedes the onset of type 2 diabetes mel-
litus (type 2 DM) and atherosclerosis – diseases that are 
nowadays the main causes of mortality [3, 4]. The in-
creased interest is also due to the fact that MS is a revers-
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ible condition – with appropriate, timely treatment, it is 
possible to achieve the disappearance or marked reduc-
tion of its main manifestations.

The main goal of MS patients’ treatment is cor-
rection of the main MS components - insulin resistance 
and hyperinsulinemia, arterial hypertension, obesity 
and lipid metabolism disorders. Along with lifestyle 
changes and medication correction, an important role in 
the complex therapy of MS and type 2 DM is given to 
herbal remedies, which, due to a wide range of pharma-
cological action, can reg-
ulate the parameters of 
carbohydrate and lipid 
metabolism, blood pres-
sure, blood rheological 
properties, normalise 
weight [5, 6].

The only official 
herbal preparation for the 
therapy of metabolic syn-
drome and type 2 DM – 
collection, “Arfazetin”, is 
registered in the pharma-
ceutical market of Ukraine.

The undoubted ad-
vantages of natural origin 
are a favourable safety 
profile and the possibility 
of use in complex therapy in combination with synthetic 
drugs. However, the disadvantage of phytosborations is 
the inconvenience of use by patients, which is associated 
with the preparation of the dosage form for consumption 
(e.g., decoction) at home, the lack of standardisation of 
the final dosage form, etc. These factors can significant-
ly impact the effectiveness of therapy, which may be ac-
companied by impaired glycemic control, resulting in 
complications of the underlying disease and its progres-
sion. Because of the peculiarities of the pathogenesis of 
MS and type 2 DM and the leading role of lipid metabo-
lism disorders and activation of free radical oxidation, 
the development of effective standardised agents of natu-
ral origin with distinct lipotropic and antioxidant proper-
ties for use in the complex therapy of these insulin-resis-
tant conditions remains an urgent issue.

The choice of large-fruited cranberry leaves as a 
raw material for obtaining polyphenolic extract is due to 
its significant content of phenolic compounds (simple 
phenols, hydroxycinnamic acids, in particular, gallic and 
chlorogenic acids, flavonoids, ascorbic acid) [7, 8]. 
Large-fruited cranberry has a sufficient raw material 
base, is widely distributed in forest phytocenoses of the 
Carpathians and territories of Northern Ukraine. 

Establishment of the peculiarities of the influence 
of phytocomposition containing polyphenolic extract 
from the leaves of large-fruited cranberry and amino ac-
ids (L-arginine, taurine, glycine) on the pathogenetic 
links of MS and mechanisms of its hypoglycemic activity 
is a priority and relevant, and the results obtained will 
contribute to the development of new phytopreparations 
with metabolitotropic action.

The aim of the study was to investigate the effect of 
phytocomposition based on the polyphenolic extract of cran-
berry leaves and amino acids (L-arginine, taurine, glycine) 
on the state of the pancreas and liver in experimental meta-
bolic syndrome in rats.

2. Planning (methodology) of research
The study protocol describing the different stages 

of the present research work is presented in the following 
flow chart (Fig. 1).

3. Material and methods
The studies were conducted at the Department of 

Normal and Pathological Physiology and based on the 
Training and Research Institute of Applied Pharmacy of 
the National University of Pharmacy from Febru-
ary 1, 2022, to March 6, 2023.

Dried large cranberry leaves were ground to a 
1–3 mm particle size and extracted three times with a 
50 % ethyl alcohol solution at a total ratio of 1:10 at room 
temperature overnight.

Dry alcoholic extract of cranberry leaves with the 
addition of amino acids was obtained at the Department of 
Pharmacognosy of the National University of Pharmacy 
under the guidance of Professor Koshevoy O. М. The 
choice of extractant for obtaining the extract was carried 
out experimentally. Through experiments, it was found 
that the use of 50 % alcohol in the ratio of 1:10 (consider-
ing the absorption coefficient of the extractant) has the 
highest yield of dry extract from the leaves of large-fruit-
ed cranberry and the quantitative content of hydroxycin-
namic acids 12.23 % and flavonoids 4.01 %, which are 
responsible for the hypoglycemic effect. The given ratio is 
sufficient for obtaining a remedy for correcting insulin-re-
sistant states and optimal in technological terms from the 
point of view of obtaining the claimed remedy in industri-
al conditions and rational use of alcohol. The extracts 
were combined and purified by settling for 24 hours at 
room temperature, and the supernatant was separated by 
filtration, after which arginine, taurine and glycine were 
added in three times equimolar amount relative to the total 
amount of phenolic compounds in the extract, infused for 
24 hours and evaporated to a dry extract. 

Fig. 1. Study protocol

Step 1

Step 2

Step 3

Step 4

Step 5

Step 6

Step 7

Step 8 Identification of promising directions for further research

Processing and analysis of the results obtained

Morphometric analysis of the state of the pancreatic incretory apparatus

Performing SHIC reaction according to McManus on liver slices 
for glycogen detection

Identification of β-cells of pancreatic islet apparatus after Gomori 
aldehyde-fuchsin staining of sections

Obtaining and preparing pancreas and liver for histologic examination

Modeling of metabolic syndrome in rats by high-sugar diet 
and administration of investigational agents for 8 weeks

Analysis of publications on changes in: β pancreatic and liver cells 
in MS and type 2 DM



ScienceRise: Pharmaceutical Science	 № 6(52)2024

49 

The dry extract obtained from large cranberry 
leaves contains at least 10 % phenolic compounds in the 
form of gallic acid, at least 5 % hydroxycinnamic acids in 
the form of chlorogenic acid, and at least 2 % flavonoids 
in the form of rutin.

As reference preparations, we selected the phyto-
set “Arfazetin” (loose pack of 75 g, PJSC “Lectra-
vy”, Ukraine) and metformin (Metformin Sandoz, tab-
lets, 500 mg, LEC S.A. Poland).

The choice of the collection “Arfazetin” is due to 
the fact that, at the moment, in the pharmaceutical mar-
ket of Ukraine, it is the only preparation of plant origin 
with antidiabetic activity. The collection consists of blue-
berry shoots (20 %), husks of common bean fruits (20 %), 
rhizome and roots of Echinopanax high (lureber-
ry) (15 %), rose hips (15 %), horsetail grass (10 %), 
St. John’s wort herb (10 %), chamomile flowers (10 %). 

Metformin, the antidiabetic agent of the biguanide 
group, is the first-line pharmacotherapy of type 2 DM 
and is used to correct insulin resistance in MS [9]. 

The doses of comparison drugs were calculated con-
sidering the species resistance coefficients of humans and 
rats. Metformin was administered at a dose of 60 mg/kg of 
rat weight, taking into account the average daily dose for 
humans of 2000 mg; Arfazetin collection was administered 
at a dose of 18 ml/kg.

The study was performed on male Wistar rats 
weighing 270–300 g, kept under standard conditions of 
vivarium NUPh at the temperature of 18–24 °С, 60–70 % 
humidity, natural light mode day/night in plastic cages no 
more than 4 animals in each. Animals were acquired in 
BioModelServis, Ukraine. The work with animals was 
carried out following the European Convention for the 
Protection of Vertebrate Animals used for Experimental 
and Other Scientific Purposes (Strasbourg, 1986), «Proce-
dure for conducting experiments, experiments on animals 
by scientific institutions» [10]. Euthanasia was performed 
by an overdose of ether anesthesia or cervical dislocation. 
The Commission on Bioethics of the NUPh did not reveal 
any moral and ethical standards violations when planning 
and conducting research (No. 7 of 20.10.2022).

The metabolic syndrome was reproduced using a 
high sucrose diet (HSD), which was provided by replac-
ing drinking water with 30 % sucrose solution in drink-
ers in a free-range mode for 8 weeks [11]. 

The investigated agents were administered intragas-
trically daily, once simultaneously with sucrose solution, 
for 8 weeks. The following groups of animals weighing 
270–300 g were used: group 1 – intact control (IC); group 2 – 
animals of control pathology (CP), which received 30 % 
sucrose solution; group 3 – animals, which were adminis-
tered (PC) at a dose of 100 mg/kg against sucrose [12], 
groups 4–5 – animals phytocomposition, which were ad-
ministered comparison drugs against sucrose.

The glucose homeostasis of experimental animals 
was assessed by basal glycemia and carbohydrate toler-
ance levels, which were determined using the oral glu-
cose tolerance test (OTTG) at the end of the experiment. 
Basal glucose concentration was determined on an empty 
stomach after an 18-hour fast in rat blood samples ob-

tained from the tail vein. Then, glucose solution was ad-
ministered intragastrically at a 3 g/kg dose for OTTG. 
Blood samples for glucose level determination were tak-
en 30, 60, and 120 minutes after glucose loading [11]. 

The level of glucose in animals’ blood was deter-
mined by the glucose oxidase method using chemical 
reagent kits “D-glucose” produced by Filisit-Diagnosti-
ka (Ukraine). 

After all animals were removed from the experi-
ment, liver and pancreas samples (body and tail parts 
extracted from the gastric-splenic ligament) were fixed 
in 10 % formalin solution and embedded in paraffin. Sec-
tions were stained with hematoxylin and eosin. Identifi-
cation of β-cells of the pancreatic islet apparatus was 
performed after staining the sections with Gomori alde-
hyde-fuchsin, which stains basophilic granules of insulin 
in the cytoplasm of cells in blue-violet colour. This meth-
od allows us to determine the presence of cells in the is-
lets of Langerhans where insulin synthesis occurs, thus 
assessing the functional state of β-cells [13–15].

Morphometric measurements were performed: on 
pancreatic sections (hematoxylin and eosin staining), we 
determined the optical density of pancreatic islets (PI – 
total number of islets in the microdissection), islet pro-
file (number of β-cells in the islet). The islet profile was 
used to classify islets into small (up to 20 β-cells), medi-
um (21–60 β-cells) and large (>61 β-cells) islets, and the 
percentage of each category of PI was determined [16]. 
According to the intensity of aldehyde-fuchsin staining 
and the character of distribution of basophilic insulin 
granules in the cytoplasm of insulinocytes, the morpho-
functional state of β-cells in PI was assessed according to 
a 4-point system: 4 points – almost all β-cells are evenly 
filled with distinctly aldehyde-fuchsin stained granules; 
3 points – a significant number of β-cells contain moder-
ately aldehyde-fuchsin stained granules; 2 points – some 
β-cells are filled with moderately aldehyde–fuchsin 
stained granules, others are completely devoid of them; 1 
point – cells with minimal amount of moderately or 
weakly aldehyde-fuchsin stained granules. All obtained 
numerical data were processed using variation statistics. 

According to McManus, the SHIC reaction was per-
formed on the liver slices to detect glycogen (control with 
salivary amylase). To verify neutral fats separately, liver 
samples were cut on a freezing microtome after fixation in 
formalin, and sections were stained with Sudan IV [14]. 

Microparaphrases were viewed under a Granum 
light microscope. Microscopic images were photo-
graphed using a digital video camera, Granum DSM 310. 
Photographs were processed on a Pentium 2.4GHz com-
puter using the Toup View program.

Quantitative data were analysed using the stan-
dard statistical software package “Statistica 6,0”. Quan-
titative data are presented as mean with standard er-
ror (M±m) and median with lower and upper 
quartiles (Me [Q25; Q75]). The parametric Student’s 
t-test was used in the case of normal data distribution, 
the nonparametric Mann-Whitney U-test in the absence 
of normal distribution, and Fisher’s angular transforma-
tion was used when considering the results in an alter-
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native form. Differences were considered statistically 
significant if p<0.05.

4. Results 
Maintenance of animals for 2 months in HSD condi-

tions did not lead to the occurrence of fasting hyperglyce-
mia. The level of basal glycemia after overnight fasting of 
rats did not go beyond the physiologic norm. It should be 
noted that in animals on the background of HSD received 
PC, Arfazetin collection and metformin, fasting blood glu-
cose level was slightly lower but did not significantly differ 
from that in animals from IC and CP groups (Fig. 2). 

During OTTG in rats of the CP group, a distur-
bance in glucose utilisation was found, which was mani-
fested by an increase in blood glucose level by 120 % 
(p<0.01) compared to basal glycemia at the 30th minute 
and maintaining it throughout the test at a level that sig-
nificantly exceeded IC and did not reach the physiologi-
cal norm at the 120th minute of observation (Fig. 2). The 
rate and severity of impaired glucose tolerance may indi-
cate the probable development of insulin resistance in 
animals of the CP group.

Under the influence of PC at a dose of 100 mg/kg 
against the background of two-month maintenance on 
HSD, a significant improvement of glucose tolerance was 
observed, which was manifested by a slower increase in 
blood glucose content at the 30th minute of testing by 
93 % (p<0.05) compared to the basal level. At this test 
term, this index was significantly lower by 17.3 % (p<0.05) 
than the value of the CP group, statistically did not differ 
from the animals receiving Metformin and showed high-
er efficacy relative to Arfazetin. In the following terms 
of the study, blood glucose levels slowly decreased and, 

after 120 minutes, practically reached the values of the 
physiologic norm (Fig. 2).

In the group of animals receiving the comparison 
drug Arfazetin at the 30th minute of OTTG, the degree 
of severity of hyperglycemia compared to basal was the 
highest among the studied means and did not differ from 
the CP group (116 %). After 60 and 120 minutes, the 
blood glucose level gradually decreased but did not nor-
malise to the physiological norm and exceeded the base-
line level by 38 % (p<0.05) (Fig. 2).

When the comparison drug Metformin was ad-
ministered at the 30th minute after carbohydrate loading, 
the smallest increase in blood glucose level compared to 
basal level by 72 % (p<0.05) was detected, which ac-
quired significant differences compared to CP by 
19.9 % (p<0.05). In terms of severity of hypoglycemic 
effect, metformin, similarly PC, was superior to the effi-
cacy of Arfazetine by 17.8 % (p<0.05). After 120 min-
utes of observation, blood glucose content under the in-
fluence of metformin acquired a physiologic norm. 

Thus, the studied phytocomposition at 100 mg/kg 
dose significantly improves glucose tolerance, is more 

effective than the antidiabetic drug Ar-
fazetin and is not inferior to the drug of 
first choice in treating type 2 diabetes 
mellitus – Metformin.

In a pathomorphologic study in rats 
of the IC group, the glandular tissue of the 
pancreas consists of moderately sized lob-
ules and a system of inter- and intra-lobular 
ducts, arteries and veins of a different cali-
bre. Connective tissue membranes between 
the lobules are moderately expressed. In the 
lobules, tissue is clearly distributed into exo- 
and endocrine components. PI represents 
the endocrine component of the gland, most 
of which are clearly delimited from the sur-
rounding exocrine parenchyma and have a 
rounded or oval shape. The main mass of 
cells in the islets was β-cells, which were 
rather densely and evenly distributed in the 
central part. Widespread sinusoidal capil-
laries are visible between the cell masses in 
a number of islets. When staining with alde-
hyde-fuchsin, the cytoplasm of β-cells is 
uniformly stained in blue-violet colour, in-
dicating a normal functional activity level. 
α-cells are located in a chain along the pe-
riphery of the islets (Fig. 3). 

The optical density of the PI was 23,6 units. The 
bulk of the islets contained 21-60 β-cells, which are me-
dium-sized islets. Their share was 55.1 %. The share of 
small islets containing up to 20 β-cells accounted for 
29.67 %, and large islets (>60 β-cells) accounted 
for 15.2 %. The intensity of aldehyde-fuchsinophilic 
staining of β-cells was 3.3 points (Table 1).

The exocrine parenchyma of the gland consisted 
of the terminal secretory sections of the glands – acini 
with a high density of arrangement. The acini consisted 
of one layer of glandular cells, which were typically dis-

Fig. 2. Dynamics of glycemia during OTTG in rats after two months 
of maintenance on a high-sugar diet and exposure to phytocomposition, 

compared with the collection “Arfazetin” and tablets “Metformin” (n=6). 
IC – intact control; CP – control pathology; PC – phytocomposition at a dose 
of 100 mg/kg; A – Arfazetin collection; M – metformin tablets. Note: reliable 

differences: with baseline data – *p<0.05; with IC group – **p<0.05;  
with CP group – #р<0.05; with Arfazetin group – aр<0.05
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tributed into two differently stained zones: the basal ba-
sophilic zone, which contained a round, dense nucleus, 
and the eosinophilic central zone, which contained small 
zymogen grains. The ratio of zones varied within the 
range of 1:1.5–1:2.5. The lumen of the acini is small. The 
epithelium of most ducts is normal, in isolated ones – in 
a state of moderate proliferation. Depending on the cali-
bre of the excretory duct (mainly interlobular), the peri-
ductal stroma is also expressed differently; sometimes, 
single small lymphohistiocytic clusters are found in it. 
The lumen of the ducts is often widespread; in some 
places, clumps of thickened eosinophilic secretion are 
visible. The condition of the arteries and veins is normal, 
some of them are full-blooded.

When rats were kept on HSD, the number of small 
PI increased visually, and the number of medium PI de-
creased. Against the background of unchanged islets, islets 
with a “rarefaction” in the arrangement of β-cells of vary-
ing degrees of severity were found. Among the visually 
normal β-cells, cells with hypertrophy of nuclei and with 
unclear pale nuclei (possibly at some stage of lysis) were 
visible; vacuolisation of β-cells was observed. The appear-
ance of large “branched” islets, as if “spreading” in width 
or length, attracts attention. The “branched” segments of 
the islet were separated from each other by very scanty 
layers of connective tissue or one layer of acini (Fig. 4).

Aldehyde-fuchsin staining showed a distinct un-
even staining of the insulinocyte cytoplasm even within 
a single islet, which is a morphological reflection of the 
cells’ different functional statuses (Fig. 5).

Morphometric analysis showed that the optical 
density of the PI was at the level of the intact control (23.3 
units). Still, there were changes in the percentage distri-
bution of islets by the content of β-cells. The proportion 
of small islets increased by 1.5 times (р<0.001). At the 
same time, the appearance of very small islets containing 
only 2–4 β-cells was observed. The proportion of medi-
um-sized islets decreased by 1.9 times (р<0.001), and 
large ones – by 1.6 times (р<0.01). The intensity of alde-
hyde-fuchsin staining of β-cells in the islets was estimat-
ed at 2.2 points (Table 1). No changes in the state of the 
exocrine parenchyma were noted. Simultaneous con-

sumption of 30 % sucrose solution with the introduction 
of PC positively affected the morphological state of the 
insular apparatus of rats. Firstly, much fewer small PI 
were visualized. In the overwhelming majority of islets, 
β-cells with normal density are uniformly distributed 
over the entire plane of the islet. No signs of hypertrophy 
or dystrophy of β-cells were found. The shape of the is-
lets was oval-round, only single ones had an “atypical” 
shape. Only in a small part of the islets were signs of 
depletion and changes in the morphological state of 
β-cells. Aldehyde-fuchsin staining showed that the cyto-
plasm of most β-cells in the PI was saturated with a 
specific blue-violet colour, which indicated a sufficient 
presence of insulin granules (Fig. 6). No changes in the 
state of the exocrine parenchyma of the glandular tissue 
were observed.

As morphometry showed, the volumetric density 
of the PI did not change and was at the level of 22.5 units. 
The number of small islets decreased in relation to the 
control pathology by 1.4 times (р<0.001), while the num-
ber of very small islets (up to 4 β-cells) became signifi-
cantly less. The presence of medium islets became 
1.7 times (р<0.05) greater. The proportion of large islets 
decreased by 1.8 times (р<0.001). The intensity of alde-
hyde-fuchsinophilic staining of β-cells was 3 points (Ta-
ble 1). Against the background of the introduction of the 
collection “Arfazetin”, a rather noticeable discrepancy in 
the state of the PI was observed: various types of empti-
ness, unevenness in location, vacuolization of the cyto-
plasm and degenerative changes in β-cells in some, mor-
phological completeness of others. The content of 
specific insulin granules in β-cells also fluctuated ac-
cording to the expression of aldehyde-fuchsinophilic 
coloration (Fig. 7).

According to morphometry data, the proportion of 
small islets decreased by 1.3 times (р<0.05) and the pro-
portion of medium islets increased by 1.3 times (р<0.001) 
in animals that were administered the “Arfazetin” mixture 
against the background of sucrose. The optical density of 
PI remained sufficient – 22.5 units in a micropreparation. 
The intensity of aldehyde-fuchsinophilic staining of insu-
linocytes was estimated at 2.5 points (Table 1). 

Table 1
Morphometric analysis of the state of the endocrine apparatus of rats after two months of maintenance on a high-sugar diet 

and the influence of the phytocomposition in comparison with the collection “Arfazetin” and tablets “Metformin” (n=6)
Group of 
animals 

Optical density 
pancreatic islets

Distribution of pancreatic islets by β-cell content Intensity of aldehyde-fuchsinophilic 
staining of β-cells (points)Small (to 20) Average (21-60) Big (>60)

IC 23.7±0.42 [22; 25] 
100 %

7.0±0.26  
[6; 8] 29.67 %

13.0±0.26  
[12; 14] 55.1 %

3.7±0.67  
[2; 6] 15.2 % 3.3±0.21 [3; 4]

CP 23.3±0.49 [22; 25] 
100 %

10.2±0.48*  
[9; 12] 44 % 

7.0±0.26*  
[6; 8] 30.2 %

6.0±0.26**  
[6; 7] 25.8 % 2.3±0.21** [2; 3] 

PC 22.5±0.43 [21; 24] 
100 %

7.2±0.17a  
[7; 8] 32.14 %

12.0±0.26#/aa  
[11; 13] 53.57 %

3.3±0.21aa  
[3; 4] 15.17 % 3.0±0.26 [2; 4] 

Arfazetin 22.2±0.54 [20; 24] 
100 %

7.8±0.17#  
[7; 8] 35.1 % 

9.2±0.17# #  
[9; 10] 41.44 %

5.2±0.31  
[4; 6] 23.42 % 2.5±0.22 [2; 3]

Metformin 23.0±0.58 [21; 25] 
100 %

7.2±0.31a  
[6; 8] 31.3 %

12.5±0.43aa  
[11; 14] 54.35 %

3.2±0.54aaa  
[1; 5] 13.91 % 2.8±0.31 [2; 4]

Note: significant differences with intact control group – *p<0,001; **p<0.01; with control pathology group – #р<0,05; # #р<0,001; 
with Arfazetin group – aр<0,05; aaр<0.001; aaaр<0.01.
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Fig. 3. Pancreas of an intact rat: a – pancreatic islets of different sizes among densely located acini are uniformly filled with 
β-cells (Hematoxylin-eosin. ×200); b – intense violet staining of β-cells (aldehyde-fuchsin according to Gomori, ×250)

a b

Fig. 4. Rat pancreas after two months of exposure to HSD: a – distinct enlargement of small islets (×100);  
b – hypertrophy, pyknosis of some β-cell nuclei (×400); c – depletion, vacuolisation of β-cells (×250); d – uneven 

distribution of β-cells in the islet, the atypical shape of the islet (×250). Hematoxylin and eosin

a b

c d

Fig. 5. Rat pancreas after two months of exposure to HSD. Uneven staining of the cytoplasm of β-cells of the islets (a, b). 
Aldehyde-fuchsin according to Gomor-hematoxylin, ×400

a b
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Fig. 6. Rat pancreas after simultaneous two-month maintenance on HSD and receipt of the phytocomposition:  
a – enlargement of medium-sized pancreatic islets (×100); b – islet with normal morphology (×200); c – destruction, 

dystrophy of β-cells (×400); d – restoration of specific aldehyde-fuchsinophilic staining of the cytoplasm of most 
insulinocytes (×250). a, b – hematoxylin-eosin; c, d – aldehyde-fuchsin according to Gomor-hematoxylin

a b

c d

Fig. 7. Rat pancreas after simultaneous two-month maintenance of HSD and receipt of the “Arfazetin” collection: 
a – nested devastation, vacuolization of β-cells (×250); b – total devastation of the islet (×400); c – restoration of 

the intensity of specific staining of insulinocytes with aldehyde fuchsin (×250); d – uneven staining of β-cells with 
aldehyde fuchsin (×200). a, b – hematoxylin and eosin; c, d – aldehyde fuchsin according to Gomor-hematoxylin

a b

c d



ScienceRise: Pharmaceutical Science	 № 6(52)2024

54 

After simultaneous two-month maintenance of 
HSD and receiving “Metformin” tablets, the morpholog-
ical state of PI in different rats within the group varied 
slightly. Most of the islets in all animals corresponded to 
the physiological norm in all parameters. However, islets 
with varying degrees of emptiness, chaotic arrangement 
and vacuolization of the β-cell cytoplasm, “atypical” 
form were still observed. The intensity of alde-
hyde-fuchsin staining of the insulinocyte cytoplasm 

varied depending on the morphological state of the is-
let (Fig. 8). No changes were observed in the exocrine 
part of the glandular tissue.

The morphometric study showed that at an optical 
density of PI of 23 units, the proportion of small islets de-
creased by 1.4 times (р<0.001), medium islets increased 
by 1.8 times (р<0.001), and large islets decreased by 
1.9 times (р<0.001). The intensity level of aldehyde-fuchsin-
ophilic staining of β-cells was 2.8 points (Table 1). 

Fig. 8. Rat pancreas after simultaneous two-month maintenance on HSD and administration of Metformin tablets:  
a – enlargement of medium-sized islets (×100); b – unchanged islet (×200);  

c – vacuolization, depletion of β-cells (×250);  
d – rich specific aldehyde-fuchsinophilic staining of insulinocyte cytoplasm (×250);  

e – depletion of specific aldehyde-fuchsinophilic staining of insulinocyte cytoplasm (×400); 
 a–c – hematoxylin-eosin; d, e – aldehyde-fuchsin according to Gomor-hematoxylin

a

c

e

a

c
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The histological structure of the liver of rats in the 
intact control group corresponded to the norm. The partial 
pattern of the tissue was not distinct. The liver particles 
consisted of strands of hepatocytes, which had a fairly 
clear radial direction. The boundaries of the lobules were 
determined by triads. The triad zones were narrow. The 
condition of the epithelium of blood vessels in the triads 
and other vessels was within normal limits. Intraparticle 
sinusoidal hemocapillaries were moderately dilated and 
contained a moderate number of lymphoid cells. Kupffer 
cells (stellate reticuloendotheliocytes) were common. He-
patocytes had a characteristic shape and size, the cyto-
plasm was uniformly stained, optically dense, did not 
contain inclusions that were visible under light microscopy. 
The nuclei of hepatocytes were normochromic, centrally 
located, contained 1, sometimes 2 nucleoli. The pool of 

binuclear cells was sufficient. The PAS reaction showed 
that the cytoplasm of hepatocytes was uniformly and 
densely filled with small glycogen granules, Sudan stain-
ing did not reveal fat accumulation in the cells (Fig. 9).

In the liver of rats kept on HSD, the cytoplasm of 
many hepatocytes became optically empty, did not stain or 
stained very weakly with eosin. The localization of such 
hepatocytes and the severity of the sign varied in different 
rats. In some changes, hepatocytes were affected mainly in 
the periportal zones, in others the changes were more dif-
fuse or, conversely, focal. In all such zones, the radial direc-
tion of the cell strands was not observed, the cell boundaries 
were unclear. When setting the PAS reaction, a significant 
decrease in glycogen saturation of such cells or its absence 
is observed. Staining with Sudan IV revealed the presence 
of small drops of fat in the cytoplasm of many cells (Fig. 10).

Fig. 9. Liver of an intact rat: a – normal morphological structure of the tissue (hematoxylin and eosin, ×200); 
b – uniform replenishment of the cytoplasm of hepatocytes with glycogen granules (PAS reaction according to 

McManus, ×250); c – absence of fat accumulation in the cells (frozen section, Sudan IV, ×250)

a b c

Fig. 10. Rat liver after two months of exposure to HSD: a – hepatocytes with optically empty cytoplasm, unclear beam pattern 
(hematoxylin and eosin. ×250); b – decrease in glycogen content in hepatocytes (PAS reaction according to McManus. ×200); 

c – accumulation of fat in the cytoplasm of hepatocytes (frozen section, Sudan IV. ×200)

a b c
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In the rat liver after the therapeutic and prophylac-
tic administration of the phytocomposition, the general 
histoarchitecture of the parenchyma was not changed. In 
most animals, very small vacuolization of individual 
groups of hepatocytes was observed, which generally 
had almost no effect on the overall picture of glycogen 
accumulation. The content of neutral fats in the cyto-
plasm of most cells was minimal. In others, moder-
ate-sized foci of hepatocytes with optically empty cyto-
plasm were observed, which was weakly stained with 
eosin (localization of such cells was mainly periportal). 
The PAS reaction showed a significant decrease in glyco-
gen saturation of such cells, and staining with Sudan IV 
revealed the presence of fat in their cytoplasm (Fig. 11).

In the liver of animals receiving the “Arfazetin” 
collection, vacuolar dystrophy of hepatocytes had a focal 
character (from moderate to large size). In such hepato-
cyte cells, the glycogen content was reduced, fat accumu-
lated (Fig. 12).

Metformin tablets’ effect on the rat liver’s condi-
tion was not as indicative as on the pancreas. In most 
rats, different-sized areas of liver parenchyma with op-
tically empty cell cytoplasm were visible, depleted of 
glycogen and saturated with fat. The saturation of he-
patocytes with glycogen outside the areas with optically 
empty cells varied – areas with normal accumulation 
alternated with areas with a depleted content of this 
carbohydrate (Fig. 13).

Fig. 11. Rat liver after simultaneous two-month maintenance on HSD and receipt of the phytocomposition:  
a – fine vacuolization of individual groups of hepatocytes; b – restoration of glycogen accumulation;  

c – absence of fat droplets in hepatocytes; d – hepatocytes with optically empty cytoplasm;  
e – distinct decrease in glycogen content; f – fat in the cytoplasm of hepatocytes in periportal zones.  

a, d – hematoxylin and eosin; b, e – McManus PAS reaction; c, f – frozen section, Sudan IV.  
a, b, d, e – ×250; c, f – ×200

a b c

d e f



ScienceRise: Pharmaceutical Science	 № 6(52)2024

57 

5. Discussion
The disorders occurring in rats during two-month 

maintenance on HSD are similar to the manifestations of 
metabolic syndrome in humans with prolonged excessive 
consumption of sugar-containing equal amounts of fruc-
tose and glucose, particularly insulin resistance with 
impaired glucose utilization [11]. 

In our study, PC based on polyphenolic extract 
from large-fruited cranberry leaves and amino acids sig-
nificantly enhanced glucose utilization by peripheral 
tissues. This was confirmed by a significant decrease in 
glycemia during OTTG at the metformin level. Accord-
ing to this action, PC was significantly superior to the 
phytosanitary collection “Arfazetin”. 

Permanent significant manifestations of MS are 
insulin resistance and hyperinsulinemia, which cause 
initial pathologic changes in pancreatic islets and dys-
function of β-cells, key regulators of glucose homeosta-
sis. Because β-cells are finely tuned to acute fluctuations 
in nutrient concentrations, chronic exposure to elevated 
levels of glucose and free fatty acids, as observed in MS, 
leads to the development of adaptive changes in β-cell 
mass and function [17]. 

In animals receiving only HSD, prolonged inges-
tion of excess carbohydrates led to the development of 
adaptive proliferative changes in pancreatic islets, which, 
probably, by activation are aimed at preventing the devel-
opment of diabetes. Signs of compensatory-adaptive 

Fig. 12. Rat liver after simultaneous two-month maintenance of HSD and receipt of the “Arfazetin” collection:  
a – focal dystrophy of hepatocytes (hematoxylin-eosin); b – areas of decreased glycogen content (PAS reaction 

according to Man-Manus); c – accumulation of fat in hepatocytes (frozen section, Sudan IV, ×250)

a b c

Fig. 13. Rat liver after simultaneous two-month maintenance of HSD and administration of Metformin tablets:  
a – hepatocytes with optically empty cytoplasm (hematoxylin-eosin, ×200); b – absence of glycogen in some cells (PAS 

reaction according to McManus, ×250); c – fat in the cytoplasm of cells (frozen section, Sudan IV, ×200)

a b c
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changes in the insular apparatus were hypertrophy of the 
nuclei of a part of β-cells, increase in the proportion of 
small islets, and the appearance of “branched” large islets. 

According to the literature [18], this microscopic 
picture reflects the development of the so-called “diabe-
togenic” condition - MS, eventually leading to the devel-
opment of type 2 DM and its associated complications. 

These pathologic changes coincide with the results 
of the study of pancreas samples from insulin-resistant 
patients without diabetes who underwent pancreati-
coduodectomy and autopsy studies of obese and insu-
lin-resistant people [19]. 

The studied phytocomposition based on the poly-
phenolic extract of cranberry leaves and amino acids, 
probably due to its complex composition, which deter-
mines a number of pharmacological effects, improved 
the morphological state of pancreatic β-cells. This was 
confirmed by an increase in the percentage of medium 
islets and a decrease in small islets (including very small 
islets, a decrease in large “branched” islets. According to 
the established effect phytocomposition was reliably su-
perior to the reference drug collection “Arfazetin” and 
was not inferior to tablets “Metformin”. 

It is known that excessive intake of carbohydrates 
and, especially, fructose (it makes up 50 % of sugar) is 
one of the causes of oxidative stress and non-alcoholic 
fatty liver disease, which at the initial stages can often be 
corrected by diet and herbal medicines [20, 21]. 

Two-month experimental maintenance of rats on a 
high-sugar diet led to inhibition of glycogen-forming func-
tion and development of steatohepatosis, which is a confir-
mation of the development of hepatic insulin resistance in 
animals. These processes were significantly leveled against 
the background of administration of the studied phytocom-
position based on polyphenolic extract from cranberry 
leaves and amino acids, which prevented the depletion of 
glycogen stores and accumulation of fats in the liver of rats. 
By the degree of recovery of disturbed metabolic changes in 
the liver the phytocomposition exceeded both comparison 
drugs collection “Arfazetin” and tablets “Metformin”.

Thus, the ability of phytocomposition based on 
polyphenolic extract of cranberry leaves and amino acids 
to increase glucose utilization by peripheral tissues, im-
prove the morphostructure of pancreas and liver tissue 
has been established in MS induced by high-sugar diet. 

Practical relevance. The ability of phytocomposi-
tion based on polyphenolic extract of cranberry leaves 
and amino acids to improve the morphological state of 
the insular apparatus of the pancreas and liver tissue un-
der a two-month high-sugar diet was shown on the mod-
el of metabolic syndrome, which indicates the prospect of 
creating a drug based on it for the treatment of metabolic 
syndrome and type 2 diabetes mellitus.

Study limitation. This study is limited by the 
absence of biochemical markers, which does not allow us 
to conclude about the hypoglycemic and hypolipidemic 
properties of the phytocomposition studied. 

Further research prospects. Subsequent studies 
should aim to investigate changes in biochemical parame-
ters of carbohydrate and lipid metabolism, the state of the 
antioxidant system and lipid peroxidation, and pathologi-
cal changes in the tissue of the pancreas and liver in exper-
imental models of metabolic syndrome and type 2 diabetes 
mellitus caused by various diabetogenic substances.

6. Conclusions
1. Two-month maintenance of rats on a high su-

crose diet was characterized by pathomorphological 
changes in the insular apparatus of the pancreas, im-
paired glycogen-forming function of the liver and the 
development of steatohepatosis.

2. Phytocomposition based on a polyphenolic ex-
tract of cranberry leaves and amino acids prevented 
dystrophic and necrobiotic changes of β-cells, depletion 
of glycogen stores, and fat accumulation in rat livers 
during therapeutic and prophylactic administration on 
the background of a high-sugar diet.

3. The phytocomposition based on the polypheno-
lic extract of cranberry leaves and amino acids was supe-
rior to the reference preparation “Arfazetin” and practi-
cally not inferior to “Metformin” tablets in its ability to 
limit morphological changes in the pancreas tissue. It 
exceeded both comparison preparations in the degree of 
restoration of disturbed metabolic changes in the liver.

4. The obtained results indicate the prospects of fur-
ther experimental research into the pharmacological proper-
ties of a phytocomposition based on a polyphenol extract 
from large-fruited cranberry leaves and amino acids to cre-
ate an effective phyto-remedy for correcting the manifesta-
tions of metabolic syndrome and type 2 diabetes mellitus.
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