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Introduction

Diets composed of high saturated fat and cholesterol 
cause damage to peripheral organs such as the heart (i.e. 
cardiovascular disease) (1), pancreas (i.e. type 2 diabetes 
mellitus) (2) and liver (i.e. fatty liver disease)(3). However, 
the mechanisms by which a diet with high saturated fat and 
cholesterol affects the brain are still poorly understood. 

Among the literature data, information about the effect of diet 
on the brain is the most contradictory in comparison with other 
organs. For a long time it has been assumed that metabolism 
in the brain is glycocentric, insulin is independent, aerobic. 
Only in recent years, new evidence suggested possibility of 
metabolism in the brain along the lipocentric pathway, in 
which glycolysis is noted and lipolysis and B-oxidation of fatty 
acids are activated (4). 

Objective: Epidemiological studies show that recently there has been an increase in the number of cerebrovascular diseases 
and the mortality rate among the population. This trend is associated with a changing of metabolic processes in the body, in 
particular lipid metabolism, caused by an unbalanced high-calorie diet. 

The aim of the study was to investigate the effect of an isolated fat diet on lactate blood level and histomorphological changes 
in microcirculation of the rats` brain. 

Methods: The design of the study is experimental randomized. The study was conducted on sexually mature 7-8 months old 
lineal Wistar male rats, which were randomly divided into 2 groups – control (n=10) and experimental (n=9). The rats of the 
experimental group 1 ("isolated fat diet") were fed a diet consisting of fat-tailed sheep for 30 days. The control group was on a 
standard vivarium diet. Animal weight gain, serum lactate levels and histomorphological changes in the blood vessels of the 
brain regions of experimental animals were observed. Statistical processing of the results was carried out using the t-test for 
independent and paired samples. 

Results: No increase in total weight was observed in the animals of the experimental group, on the contrary, weight loss in rats 
was noted (p<0.001). During the experiment, a 2.1-fold increase in lactate levels was verified in animals of the experimental 
group (p<0.001). An unbalanced diet led to a number of pathological changes of the structural integrity of the wall of the 
microvessels of the rat brain, which promoted a slowdown in blood flow and blood cells aggregation and, ultimately lead to 
the development of blood clots. 

Conclusion: The obtained experimental data show changes in lipid metabolism and vascular remodeling of the microcirculatory 
bed of the rat brain due to increased fat intake.

Keywords: High-fat diet, rats, blood vessels, brain, microvascular circulation, lactate.
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Naturally, the question arises about the nature of elementary 
changes in various structures of the central nervous system 
and their reversibility. As it is known, any changes in the 
brain occur around the micro-axis of the vessel-astrocytes-
neuron (5, 6). It is the interaction of the elements of this 
micro-axis that ensures the formation of adaptive (adaptive) 
and compensatory (substitution) reactions in the central 
nervous system. In this case, the leading role is assigned to 
the blood vessel at the level of microhemocirculation, where 
the continuous unity of blood supply, metabolism and 
neurohumoral regulation is the most clearly manifested (7, 8). 

How a diet with a high fat content affects the morphological 
features of the microvascular network of the brain is still being 
studied, and the effect of a diet with a 100% fat content has 
not been previously conducted. 

Our study was aimed to investigate the effect of an isolated fat 
diet on lactate blood level  and  microcirculation of  the rats 
brain describing in  the form of histomorphological changes.

Methods 
Study design and population

Interventional prospective (examinations on the 30th day of 
the experiment), single-sample controlled randomized trial. 

Randomization of animals was carried out by the method 
of random numbers. The numbers of the cells with rats and 
free cells were entered into the computer, then a random 
number generator was started, according to which the rats 
were transferred to the desired cells. 2 groups of animals were 
formed. 
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Studied populations 

One rat population was studied, divided into 2 groups — 1 
experimental and 1 control. 

Inclusion criteria: lineal Wistar white rats, male sex, age 7-8 
months, weighing 200-250 gr. 

The method of forming a sample from the studied population 

Arbitrary 

1. The control group (n=10) were intact healthy rats, in 
which the values of the studied parameters were used to 
calculate control values. 

2. The experimental group (n=9) were rats who were 
assigned a diet consisting exclusively of animal fat (Fig.  1). 

Place and time of the experiments carried out 

The venue of the study was Kyrgyz State Medical Academy 
named after IK Akhunbayev, Bishkek, Kyrgyzstan. 

The time of the study:  September 5, 2023 — October 5, 2023.

Ethics

The work was performed on white, linear Wistar sexually 
mature 7-month-old male rats weighing 200-250 gr in 
compliance with the following documents:

1) International recommendations on conducting 
biomedical research using animals. Chronicle of WHO 
-1985-Vol.39,-NS-p.3-9. 

2) Directive of the European Parliament of 09/22/2010 
No. 2010/63 EN "On the protection of animals used for 
scientific purposes". 

The study was approved by the local Ethics Committee of the 
Kyrgyz State Medical Academy named after IK Akhunbayev 
(protocol of the meeting No. 52 dated 05/27/2023).

19 months
9 male rats high diet

Euthanasia

Collection of brain samples

30days high fat  diet 
N=9 per group

Macrostructural 
analysis

30 days standard food 
N=10 per group

Histological  
microstructural analysis

Description of diet intervention

After one week of acclimatization in a room with an air 
temperature of 25-30 °with a 12-hour light regime(day/night), 
the animals were randomly divided in experimental (n=9) and 
control (n=10) groups  (Table 1).

As indicated in Table 1, the animals of the main group received 
an exclusively fatty diet (fat-mutton fat) for 30 days with free 
access to water. The data obtained from animals kept on 
standard feed were used as a control. 

Figure 1. The order of experimental procedures according to the ARRIVE protocol
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Table 1. Characteristics of the study groups

Study group Type of feed Kcal/1 g Number of rats Observation period 

Experimental group Protein 0%, carbohydrates 0%, fat 100% 8.9 Kcal 9  30  days

Control group protein 26%, carbohydrates - 64%, fat 10% 3.06 Kcal 10  30 days

Note: the standard feed consisted of bread made from wheat flour of the second grade, oatmeal, cow's milk, salt, herbs, meat – young 
pork.

Food intake and body weight were measured daily during the 
study period. Blood was collected from the cervical vein in 
glass tubes with lids.

After the 30 days of diet, all animals (n=19) were taken from 
the experiment. They were sacrificed under general anesthesia 
(chloroform), and blood was previously taken to determine 
the lactate level in the AQUA lab. 

Body weight and lactate level

Blood was taken to determine the lactate level in the AQUA lab. 
Blood serum was obtained from rat blood by centrifugation at 
3000 rpm for 15 minutes. 

To determine whether short-term consumption of an 
exclusively fat diet could increase body weight, rats from two 
groups were weighed on the day of the start of the diet (day 
0) and at the end of the experiment (on day 30). 

Histological analysis 

Then, in 6 animals (3- from experimental group and 3- 
from control group), the bloodstream was injected with a 
suspension of black ink on 10% neutral formalin in a ratio of 
1:4 through the abdominal aorta. Pieces of the brain were fixed 
in a 10% neutral formalin solution, dehydrated in alcohols of 
increasing concentration, followed by the preparing paraffin 
blocks. Histological sections with a thickness of 5-7 mm were 
stained with hematoxylin-eosin and studied under a light 
microscope (Olympus, Tokyo, Japan). At 

the same time, photography was carried out using a Levenhuk 
C130 NG digital camera coupled with an optical microscope 
system (40x magnification) and a computer. 

We evaluated changes of microvasculature, endothelium, 
vessels narrowing or dilation, blood clots and histological 
changes. 

Statistical analysis 

Statistical processing of the data was carried out according to 
the SPSS 22 software (IBM, New York, USA). Due to the fact 
that the obtained data obeyed the law of normal distribution 
(according to the Shapiro-Wilk test), a parametric t-criterion 
for independent samples was used to calculate the reliability 
of the differences. Continuous variables are denoted by the 
mean and standard error of mean or  median (upper and 
lower quartiles) and percentage.  An independent two-sample 
test was used for comparing amount of food intake and total 
body weight gain between the main and control group. 
The differences in the results were considered significantly 
significant at p<0.05. 

Results 

The effect of diet on weight and lactate levels. 

The rats of the control and dietary groups were matched for 
the same body weight at the beginning of the experiment. 

The animals of the experimental and control groups were 
weighed before and after the experiment and the increase in 
total body weight was determined.  After 4 weeks, the rats fed 
with standard food gained better, and the rats fed exclusively 
with animal fat did not gain the body weight (increase in total 
body weight when comparing the diet on day 0 and the diet 
on day 30; standard diet: 12.93 (0.84)%, exclusively fat diet: 
5.98 (0.76)%, (p<0.001) (Table 2).
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Table 2.  The effect of an isolated fat diet on body weight gain in animals of the experimental and control groups

Indicator
Study groups

p
Experimental Control

Food intake, g/day 9.50 (0.54) 12.54 (0.4)
< 0.001

Total body weight gain, % 5.98 (0.76) 12.93 (0.84)

Data are expressed as the mean (SEM) and n (%)

Table 3. The effect of an exclusively fatty diet on blood lactate in animals of the experimental and control groups

Study groups Serum lactate level, mmol/l p

Experimental group
Isolated fat diet, (n=9)

1.8
(1.30-2.30)

< 0.001
Control group
Standard diet, (n=10)

0.84
(0.79 – 0.91)

Data are expressed as the median (upper and lower quartiles) 

The lactate level is known to be used as a marker of the 
metabolic state of cells, so it was measured by us in animals of 
both study groups.  In animals of the 

isolated fat diet, lactate levels were 2.1 times higher than the 
level of lactate in basal plasma in control animals (Table 3).

Undesirable phenomena 

Of the 20 rats, one rat died on the 15th day of the experiment. 

At the end of the experiment, the surviving animals had a 
tousled coat of slightly yellowish light. Baldness was noted 
on the abdomen and tail. Upon autopsy, there was a decrease 
in subcutaneous fat and fatty suspension of the colon and 
the fatty layer of the mesentery of the small intestine, which 
looked empty, swollen and transparent.

The effect of a fat diet on the histological characteristics 
of microvessels

First of all, when studying histological preparations, there is an 
extreme heterogeneity in the remodeling of the bloodstream 
of different parts of the brain. There are a number of 
differences in intravascular, vascular, and extravascular 
changes depending on the localization of blood vessels. The 
changes were most pronounced in the vessels of the sensory 
zone, in the vessels of the plexuses of the ventricles and the 
soft meninges, as well as the diencephalic region (Fig. 2).

Figure (microphoto) 2. Cytoarchitectonics of the brain of the vascular plexus of the 4th ventricle and the microcirculatory 
system of the control group rat. Hematoxylin eosin. Filling in paraffin. X400 (A – parenchyma of the brain with neurons 
(N), Van Gieson staining, B – arteriole (A), C – epithelial cells of the 3rd ventricle, D –blood vessels (A – artery, C - capillary)
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Histologically, microvessels in rats showed varying degrees 
of pathology of endothelial cells of microcirculatory vessels, 
including their edema, epithelial peeling and vacuolization of 
walls, as well as changes in vascular tone with their narrowing 
of some vessels and dilation of others (Fig. 3, 4, 5).

Figure (microphoto) 3. Arteriole (A) in the sensory area 
of the cerebral cortex is spasmodic, the lumen of the 
arteriole is closed. Endothelial cells are edematous. Van 
Gieson staining. Filling with paraffin. X400

Figure (microphoto) 6. In the arteries (A) endothelial cells 
in the form of a palisade, there is a folding of the inner 
membrane. There is a sludge phenomenon of erythrocytes 
in the lumen of the arteries, plasma (blood separation) 
along the periphery of the vessels; surrounding brain 
tissue with dystrophic changes. Van Gieson staining. 
Filling in paraffin. X400

Figure (microphoto) 7. Vessel (A) with signs of blood 
separation, dystrophy and foci of ischemia in the brain 
tissue. Van Gieson staining. Filling in paraffin. X400

Figure 4 (microphoto). Vein wall (V) with pronounced 
edema, uneven arrangement of the endothelium, 
vacuoles in the vessel wall are determined. There is 
swelling and exfoliation of the endothelium around the 
vessel into the lumen of the vessel. Van Gieson staining. 
Filling with paraffin. X400

Figure (microphoto) 5. Hypothalamic region, vessels 
(A – artery) are characterized by extreme dilation with a 
stretched wall and separation of blood into the lumen. 
Hematoxylin eosin staining. Filling in paraffin. X400

Additional changes were due to endothelial dysfunction, the 
local procoagulation state of the blood with a slowdown in 
blood flow in them, the formation of aggregates from blood 
cells elements, which eventually lead to impaired perfusion 
of the surrounding brain tissue and the development of its 
edema and dystrophy  (Fig. 6, 7, 8, 9).

We also observed that degenerative changes in the 
endothelium were accompanied by thickening of the 
basement membrane, and in some vessels by its ruptures (Fig. 
8, 9).
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Figure  (microphoto) 8. The capillary wall (C) of the vascular plexus 4th ventricle with a thickened basement membrane (B) 
(left), light cytoplasm, swollen nuclei, erythrocyte sludge in the lumen (P) (right), plasma in some of them. Hematoxylin 
eosin. Filling in paraffin. X600 and 100

Figure (microphoto) 10. Edema (E) and exfoliation of the endothelium into the lumen of the vessel (left), (D) wall 
dissection with abnormality of the integrity of the endothelium are observed around the vessel (right). Hematoxylin 
eosin. Filling in paraffin. X400

Figure (microphoto) 9. In the vessels of the soft meninges, 
the basement membrane is of different thickness, part 
of the lumen of the vessels is neglected, there are areas 
of wall ruptures, the underlying part of the brain is 
edematous. Hematoxylin eosin. Filling in paraffin. X400

Pathology of endothelial cells with thickening of the basement 
membrane and expansion of the perivascular spaces of the 
brain vessels were characteristic signs in animals that were on 
an isolated fatty diet (Fig. 10)

Discussion 

In comparison with the control group, contrary to what was 
expected in the rats of the dietary intervention group, there 
was not an increase, but a decrease in total body weight 
gain after 30 days of diet. The lower body weight in rats fed 
exclusively animal fat observed in this study can be explained 
by a lower intake of protein, which is necessary to maintain 
muscle growth, especially in young organisms. 

We also measured the serum lactate concentration in animals 
of both study groups. Lactate is the main circulating substrate 
and energy exporter after glucose, and acts as a marker and 

modulator of oxygen availability and its utilization (9). In the 
animals of the experimental group, an increase in lactate levels 
was noted, which is a consequence of metabolic changes 
against the background of an unbalanced diet in favor of fats 
and the absence of other important macronutrients such as 
glucose and protein. 

Astrocytes and neurons are known to use lactate 
significantly more than other metabolites such as glucose, 
3-hydroxybutyrate or glutamine. Therefore, in conditions of 
protein and glucose deficiency, lactate is constantly supplied 
from the blood to both neurons and astrocytes for use during 
brain activity (10).
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An isolated fat diet observed for 30 days led to a change 
in the morphology of cerebral microvessels and arteries 
in experimental animals (Wistar rats) and to a number of 
pathological transformations. This diet contributed to the 
remodeling of the microvascular bed, which manifested itself 
in a violation of the integrity of the endothelium and, as a 
result, may increase the incidence of related cerebrovascular 
diseases. As indicated by the literature data, consumption of 
high amount of animal fat can raise cholesterol, clog arteries 
and contribute to the risk of stroke and other forms of heart 
disease – not to mention obesity, diabetes, cancer and a host 
of other conditions (10). A higher intake of vegetable fat, 
polyunsaturated fat, and vegetable oil was associated with a 
reduced risk of stroke, but a high intake of non-dairy animal 
fat, total red meat, and processed red meat was associated 
with increased stroke risk (11). 

Our results show that a high-fat diet contributes to the 
development of pathological rearrangements in the vessels 
of the microcirculatory bed, where more serious changes 
occur than in large and medium-sized arteries. In the group 
of animals with an isolated fat diet, the endothelium of the 
microvessels of the brain was edematous with a large number 
of vacuoles, there were edema of cell nuclei, and a thickened 
vascular basement membrane, as well as an expanded 
perivascular space and edematous brain tissue with signs of 
its dystrophy. As is known, intima plays a key role not only 
in its selective permeability for communication between 
blood and the vessel wall, but also in the secretion of effector 
molecules, as well as the regulation of blood vessel tone and 
blood flow. Its participation in the processes of inflammation, 
immunity, thrombosis and angiogenesis is known (12-15). 
Any pathology of the endothelium can increase the likelihood 
of slowing blood flow and platelet aggregation, which 
eventually leads to the formation of a blood clot. Since the 
animals were subjected to a diet for a relatively short period 
of time, nevertheless, signs of dystrophic changes in the 
substance of the brain were noticed, which indirectly may 
indicate the development of hyperlipidemia, which led to the 
remodeling of microvessels. 

Comparison with other publications 

Studies devoted to the effect of an extreme (100%) fat diet on 
the morphological characteristics of the microcirculatory bed 
have not been conducted before, and our study extends and 
contributes to the existing  knowledge  on change in brain 
vessels. Few studies have been conducted on a high-fat diet 
for brain vessels, the available ones have shown that such a 
diet can in turn lead to impaired microcirculation, including 
endothelial dysfunction, impaired vascular tone and reactivity, 
increased blood flow, decreased functional capillary density 
and dilution of microvascular density, a significant increase in 
permeability to macromolecules, as well as vasoconstriction 
(14-16). Hyperlipidemia is best known for its role in the 
development of atherosclerotic vascular diseases, a process 
that is most often observed in large arteries such as the aorta 
or coronary arteries (13-16). However, the processes associated 

with atherosclerosis (arteriosclerosis affecting large and middle 
sized arteries) may differ slightly from the processes occurring 
in arteriolosclerosis (arteriosclerosis affecting small arteriolar 
branches), and the relationship between dyslipidemia and 
arteriolosclerosis is less obvious. There is some evidence that 
hypercholesterolemia can also cause both functional and 
structural changes in the peripheral microcirculatory bed 
(17). It is generally believed that cholesterol does not cause 
pathology of the microcirculatory bed. 

Study limitations 

Limitations may be related to the probability of inconsistency 
of theoretical reflections with practical conclusions. Since 
it was not possible to keep 1 rat in A cage, there could be 
restrictions on the consumption of animal feed during the 
day. 

Limitations in the conditions of the experiment 

In addition, the individual characteristics of rats in terms of the 
amount of nutrition and metabolic processes introduced some 
errors into the study. The conditions of animal decapitation, 
blood collection, and the quality of serum production for the 
study could be the reason for the bias in the results. However, 
these biases of the restriction could affect the results only from 
the point of view of their statistical significance, the dynamics 
of changes would remain the same. 

Directions for further research 

In the future, it is planned to study the metabolism and 
histomorphology of the brain in experimental animals fed by 
isolated carbohydrate and protein diets. 

Conclusions

1. The lower body weight in rats fed exclusively on a fat diet 
can be explained by a lower intake of protein, which is 
necessary to maintain muscle growth, especially in young 
organisms 

2. In the animals of the experimental group, an increase 
in lactate levels was noted, which is a consequence 
of metabolic changes against the background of an 
unbalanced diet in favor of fats and a deficiency of other 
important macronutrients such as glucose and protein. 

3. High fat intake can cause functional and structural 
changes in the vascular network. 

4. It can lead to a number of pathological changes and 
destruction of microvessels, which can increase the 
likelihood of slowing down blood flow and platelet 
aggregation and, ultimately, to the development of 
thrombosis. 

Ethics: The experimental  work was performed in compliance 
with the international rules on conducting animal research:       

1) International recommendations on conducting biomedical 
research using animals. Chronicle of WHO -1985-Vol.39,-

NS-p.3-9. 
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