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Abstract

Analysis of the monosaccharide composition showed that the composition of the neutral polysaccharide BSP-1-1 is represented by monosaccharides in the following 
composition: ribose – 5.05%, arabinose – 56.38%, mannose – 5.87%, glucose – 8.63% and galactose – 24.05%. The composition of the anionic polysaccharide BSP-
2-1 is represented by monosaccharides: ribose – 6.35%, arabinose – 60.15%, mannose – 7.19%, glucose – 4.12% and galactose – 22.16%. It was determined that the 
isolated polysaccharides consist mainly of arabinose (BSP-1-1 – 56.3%, BSP-2-1 – 60%) and galactose (BSP-1-1 – 24%, BSP-2-1 – 22%). Based on the data obtained, it 
can be assumed that the studied polysaccharides from the seeds of the turnip Brassica rapa belong to the type of arabinogalactans. According to the results of studying 
the properties of acute toxicity of the BSP polysaccharide from the seeds of the turnip Brassica rapa, it was found that this substance belongs to class V compounds - 
practically non-toxic substances. With intragastric administration of inulin at doses of 25, 50, and 75 mg/kg and BSP polysaccharide from the seeds of the turnip Brassica 
rapa at doses of 10, 20 and 30 mg/kg 14 days after the induction of diabetes mellitus, the indicator was close to that of the intact group of animals (intact - 3.07 ± 0.25, 
inulin 2.99 - 3.14 ± 0.23, and BSP polysaccharide from the seeds of the turnip Brassica rapa 2.53-3.14 ± 0.20), while the indicator of the control group was - 8.40 ± 0.35.

This study will provide an opportunity to plan and conduct studies to study the action of substances in the metabolism of glucose and lipids, which examines the 
enzymes that regulate the lipid activity of the liver, as well as the morphology of the liver and adipose tissue.
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Introduction

Currently, diabetes mellitus is one of the most common 
diseases that are gaining increasing social importance. If 15 
years ago, WHO assumed that by 2025 the number of patients 
with diabetes in the world would be 380 million people [1], 
then according to the International Diabetes Association 
(IDF), in 2021 the number of patients with diabetes has 
already exceeded 536 million and according to its forecasts 
by 2045, this number will increase by 46%, reaching 783.2 
million people [2]. Diabetes mellitus is a chronic disease 
characterized by high levels of glucose in the blood, leading to 

systemic disorders of all types of metabolism and damage to 
the micro- and macrovascular systems of the body [3]. Most 
researchers identify the following factors contributing to the 
development of type 2 diabetes: dietary disorders associated 
with the consumption of high-calorie, fatty foods high in easily 
digestible carbohydrates, and a sedentary lifestyle. According 
to modern research, prolonged consumption of fatty foods 
with a high content of carbohydrates leads to a violation of the 
compositional composition of the intestinal microfl ora, which 
leads to the development of "low-grade infl ammation". As 
shown by a number of researchers, this ultimately leads to the 
development of insulin resistance in insulin-dependent tissues 
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Experimental chemical part

Degreasing and removal of low molecular weight 
impurities: For defatting, pre-crushed seeds were extracted 
with petroleum ether in a Soxhlet apparatus for 72 hours. 
Degreased seeds were dried at room temperature in the air. 
To remove low-molecular impurities and coloring substances, 
the raw material was extracted in a Soxhlet apparatus with a 
mixture of chloroform and ethyl alcohol 96% (1:2). The raw 
material was dried in air to remove the smell of solvents.

Extraction of water-soluble polysaccharides

To isolate water-soluble polysaccharides, defatted seeds 
were extracted three times with water in a water bath at 95 
°C under refl ux (the ratio of raw material and extractant was 
1:20, 1:15, 1:15). The duration of each extraction was 2 h. The 
resulting aqueous extracts were combined and evaporated on a 
rotary evaporator at a temperature of 50 °C to 1/5 of the volume. 
From the resulting concentrate, water-soluble polysaccharides 
were precipitated by adding a fourfold volume of 96% ethanol 
and left at 4 °C overnight. The precipitate was separated by 
centrifugation, washed with ethanol, and freeze-dried.

Deproteinization of polysaccharides 

Deproteinization of the sum of polysaccharides was 
performed according to the Savage method [27]. A 3-fold volume 
of CHCl3–n-BuOH (4:1 ratio) was added to an aqueous solution 
of the sum of polysaccharides and transferred to a separating 
funnel. The funnel was shaken vigorously for 5 min and the 
mixture was kept for 3 hours to achieve equilibrium of the two 
phases. The organic phase with residual proteins (lower layer) 
was removed. This procedure was repeated 6 times. Turnip 
seed polysaccharides were precipitated with three volumes of 
ethanol from the aqueous phase. After fi ltration, the precipitate 
was washed with absolute ethanol and dried in air.

Determination of the content of polysaccharides 

 The quantitative content of polysaccharides was determined 
by the phenol-sulfuric acid method [28] according to the 
calibration graph for glucose. Optical density was measured on 
a Metash UV-5100 spectrophotometer (Shanghai, China).

Ion exchange chromatography 

Anion exchange chromatography was used to isolate 
the polysaccharide. 100 mg of a polysaccharide sample was 
dissolved in 5 ml of distilled water and applied to a column 
(16×3.5 cm) with DEAE-650C TOYOPEARL (TOSOH, Japan) 
equilibrated with distilled water. After loading the sample, the 
column was eluted with distilled water and then successively 
with a 0–1.0 M NaCl gradient solution at a rate of 1.0 mL/min. 
Fractions with a volume of 10.0 ml were collected with a fraction 
collector. The content of carbohydrates in the fractions was 
determined by the phenol-sulfuric acid method, using glucose 
as a standard. The fraction corresponding to the individual 
peaks was pooled, concentrated, dialyzed, and freeze-dried.

(muscles, liver, and adipose tissue), i.e., to a systemic decrease 
in sensitivity to the anabolic hormone insulin [4,5].

Polysaccharides are the most common natural 
macromolecular polymers that are obtained from renewable 
sources such as algae, plants, and microorganisms such as 
fungi and bacteria [6]. Together with other biomolecules 
such as proteins and nucleotides, polysaccharides are an 
important component and perform many functions in the 
biological system, such as intercellular communication, 
adhesion, and molecular recognition in the immune system 
[7]. Polysaccharides, which belong to the third major class 
of biopolymers (carbohydrates), play a critical role in many 
different physiological processes and tumor metastasis [8], 
they can provide structure, protection, adhesion, and response 
to stimuli, and also play a critical role in the immune system, 
blood coagulation, fertilization, prevention of pathogenesis 
and therapeutic effi cacy [9].

Phyto preparations based on polysaccharides are used 
as an expectorant and anti-infl ammatory drugs [10], their 
enveloping and emollient properties, anti-hypoxic, antioxidant, 
hepatoprotective and radioprotective effects are widely known 
[10,11]. A number of researchers emphasize the prospects of 
using polysaccharides for the correction of lipid metabolism 
and in the treatment of diabetes mellitus [12,13].

Vegetables of the Brassicaceae family are considered 
part of the human diet, and consumed by the population of 
the whole world. Many studies have shown that there is an 
inverse relationship between the consumption of Brassicaceae 
vegetables and the risk of chronic diseases, especially such as 
cardiovascular disease, cancer, Alzheimer's disease, cataracts, 
and age-related functional decline [14,15]. 

The turnip Brassica rapa L. is one of the oldest cultivated 
vegetables and is widely consumed in the highlands of Asian 
countries. For example, turnip root is eaten by Tibetan people 
living in the Qinghai-Tibet Plateau to relieve fatigue and prevent 
hypoxia [16]. Several studies of its chemical composition 
have shown that this plant is a rich source of glucosinolates 
[17], phenolic compounds, organic acids [18], fl avonoids 
[19], sulfur compounds, and volatiles [20], which have been 
found to have various benefi cial health effects. Several studies 
have shown turnips to exhibit biological activities, including 
antimicrobial and anticancer [21], antioxidant [17,22], and 
antidiabetic [23]. More recently, several new biological effects 
have been reported, such as the prevention of cerebral hypoxia 
and pulmonary edema [24,25], as well as the prevention of 
osteoporosis [26], which enrich the turnip as a functional food.

The purpose of this research is to isolate and study the 
physicochemical and biological properties of water-soluble 
polysaccharides in turnip seeds cultivated in Uzbekistan.

Methods 

Plant material

Turnip seeds Brassica rapa L. were collected in July 2020 on 
the territory of the Republic of Uzbekistan (Namangan region, 
Mingbulak district).
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Gel fi ltration of polysaccharides

Neutral and eluted at 0.1 M NaCl polysaccharides (20 mg 
each) were dissolved in 2 ml of water and applied to a column 
(70×1.8 cm) with Sephadex G-100. The column was eluted 
with distilled water at a fl ow rate of 40 ml/h. The content of 
carbohydrates in the samples was determined by the phenol-
sulfuric acid method, using glucose as a standard. Fractions 
with a volume of 13 ml were taken. Fractions corresponding to 
individual peaks were pooled, concentrated to the minimum 
volume, dialyzed, and freeze-dried.

Monosaccharide composition of polysaccharides

The polysaccharide after gel fi ltration (3 mg) was dissolved 
in 2.5 ml of 2 M trifl uoroacetic acid in a 5 ml ampoule, 
hydrolyzed at 110 °С for 6 h, and the cooled reaction mixture was 
centrifuged at 3000 rpm for 5 min. To remove trifl uoroacetic 
acid from the hydrolyzate, 5 ml of dry methanol solution was 
added three times, and the methanol was evaporated on a 
rotary evaporator. 5 mg of hydroxylamine hydrochloride and 1 
mg of inositol were added to the dry hydrolyzate and dissolved 
in 0.5 ml of pyridine. The solution was heated at 90 °C for 30 
min, cooled to room temperature, 0.5 ml of acetic anhydride 
was added, and acetylated for 30 min at 90 °C. The reaction 
mixture was dried under nitrogen fl ow. The alditol acetate 
derivatives of the monosaccharide standards (L-Fruc, L-Rib, 
L-Rha, L-Ara, L-Xyl, D-Man, D-Glc, and D-Gal) were prepared 
as described above. The synthesized alditol acetate derivatives 
were analyzed by gas chromatography/mass spectrometry 
GC/MS (column Thermo Finnigan TRACE 2000/MS, DB-5MS 
(30 m×0.25 mm×0.25 mm), temperature program from 180 
to 270 °C at 20 °C C/min, holding 270 °C for 25 min). Peaks 
corresponding to alditol acetates and their fragments were 
determined by their mass spectra and GC separation times. The 
ratio of monosaccharides to polysaccharides was determined 
by comparing peak areas.

IR spectroscopy

The IR spectra of the samples were recorded on an 
IRTracer-100 SHIMADZU IR-Fourier spectrometer (Japan), 
system 2000 in the frequency range 400–4000 cm-1. The 
spectra of the studied samples were recorded by the method of 
Attenuated Total Internal Refl ection (ATR) spectroscopy in the 
infrared region with Fourier transform spectroscopy.

Experimental biological part

Th e studies were carried out based on international and 
national regulatory documents [29-31] by qualifi ed staff. 
Manipulation of laboratory animals was performed according 
to the manual of the European Convention for the protection 
of vertebrate animals used for experiments or other scientifi c 
purposes [32]. The protocol was approved by the Animal Ethical 
Committee based on the Institute of Bioorganic Chemistry, AS 
RUz (Protocol Number: 133/1a/h, dated August 4, 2014). 

In the experiments, we used outbred rats (150–200 g) and 
mice (23–25 g) grown in vivarium conditions of the Laboratory 
of Pharmacology and Screening of Biologically Active 

Compounds of the Institute of Bioorganic Chemistry of the 
Academy of Sciences of the Republic of Uzbekistan in standard 
access to food and water. The experiments were carried out on 
healthy rats and mice that were kept in a vivarium and passed 
a quarantine period of at least 10-14 days.

Acute toxicity study

In experiments to study the acute toxicity of the BSP 
polysaccharide from the seeds of the turnip Brassica rapa, it was 
determined in white mice with a single oral administration by 
the Lichfi eld and Wilcoxon method. The experimental groups 
consisted of 5 animals of both sexes. The studied polysaccharide 
BSP from the seeds of the turnip Brassica rapa was injected 
into the stomach of mice through a special probe at doses 
of 2000–2001 mg/kg. On the fi rst day of the experiment in 
laboratory conditions, the general condition of the animals of 
the experimental and control groups was checked hourly. In 
vivarium conditions, daily checks of general condition, activity, 
coat, skin and tail condition, behavior, frequency and depth of 
respiration, amount and consistency of feces (soft or hard), 
frequency of urination, changes in body weight, and other 
indicators. During the experiment, the animals were fed in 
the usual way, in conditions where water and food were not 
limited. At the end of the experiment, the average lethal dose 
(LD50) of the test sample and, accordingly, the toxicity class 
were determined.

Study  of the effect on immunity

The s tudy of the effect of polysaccharides on animal 
immunity was carried out on model reactions for assessing 
antibody formation in mice when immunized with antigens 
(humor al immune response) and inducing a delayed-type 
hypersensitivity reaction (DTH) to an antigen (cellu lar immune 
response).

Study  of the effect on humoral immunity

To study the effect of BSP on humoral immunity, the 
number of Antibody-Forming Cells (AFC) in the spleens of 
mice immunized with ram erythrocytes (EB) was determined 
by the method of Jerne, Nordin.

As a result of sowing cells of the spleen of mice immunized 
with antigens (EB) using complement-guinea pig serum, on an 
opaque background of agarose, plaques of local hemolysis were 
clearly visible - transparent zones about 1 mm in diameter, 
which are antibody-forming cells with sheep erythrocytes 
lysed around. The number of cells producing IgM antibodies 
was determined by the number of plaques on the dish. 0.05 
ml of spleen cell suspension, that is, 1/200 of the spleen 
suspension in 10 ml of Hank's solution, was inoculated per dish. 
To determine the absolute number of AFCs accumulating in the 
spleen of mice, the number of AFCs calculated over the entire 
dish was multiplied by 200. To recalculate the number of AFCs 
per 1 million nucleated spleen cells, the number of millions of 
cells per entire spleen was counted in the Goryaev chamber. 
By dividing the absolute number of AFCs by the number of 
millions of cells, the number of AFCs per 1 million nucleated 
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spleen cells was determined. On the day of immunization, mice 
of the experimental groups were intragastrically injected with 
an aqueous solution of the drug at a dose of 5, 0.5, and 0.05 mg/
kg in a volume of 0.2 ml. The control group of mice received 
water in the same volume.

Study of the effect on cellular immunity

To study the effect of BSP on cellular immunity, a delayed-
type hypersensitivity reaction (DHRT) was used. When 
staging the reaction of HCHST, the antigen is administered 
twice for sensitization for resolution. Sensitization with 
protein antigens causes the formation of antigen-specifi c 
T-lymphocytes, which, upon repeated administration of the 
antigen, specifi cally interact with it and release a number of 
pro-infl ammatory cytokines.

The experiments used white outbred mice weighing 18-24 
grams. For the development of the HPRT reaction, mice were 
subcutaneously immunized with 1x10 ram erythrocytes in 0.2 
ml of saline solution. On the 5th day, mice were injected with 
a resolving dose of 1x108 EB in 0.05 ml of saline into the pad 
of the hind paws, and the same volume of saline was injected 
into the contralateral paw as a control. After 24 hours, the local 
infl ammatory reaction was assessed by the difference in the 
mass of the experimental and control paws, and the reaction 
index was calculated using the formula:

Po-Pk
100%

Pk
  

Where Ро – the mass of experienced paw,

Рк – control paw weight.

On the day of immunization, mice were injected 
intravenously in a volume of 0.1 ml/mouse with an aqueous 
solution of drugs - 5 mg/kg. The control group of mice received 
intragastrically distilled water in the same volume [30]. In 
studies, a pharmaceutical preparation of plant origin - Immunal 
tablets (Sandoz, d.d., Slovenia) at a dose of 60 mg/kg was used 
as a reference drug. The calculation of the administered dose 
was carried out according to the formula:

daily dose
37

60n(mg/kg)=
number of animals

Modeling chemically induced diabetes mellitus

In the pathogenesis of type 1 diabetes mellitus, external and 
internal environmental factors (viruses, chemicals, nutritional 
factors, interleukin 1) cause the activation of the free radical 
oxidation process in cells. Under the infl uence of free radicals, 
-cell proteins change their natural properties (denature) and 
become antigens for their own immune system. The increased 
sensitivity of pancreatic -cells to the action of free radicals is 
explained by the fact that they have reduced activity of their own 
antioxidant defense system. Free radicals cause disturbances in 
the DNA structure of insulin-producing cells, which leads to 
the subsequent death of -cells. The most common models of 

type 1 diabetes are chemically induced diabetes mellitus and 
surgical diabetes mellitus.

To study the hypoglycemic activity of the polysaccharide 
BRP from the seeds of the turnip Brassica rapa, a model of 
chemically induced diabetes mellitus using alloxan was used.

To induce type 1 diabetes mellitus in rats, alloxan (Sigma-
Aldrich, USA) was injected intraperitoneally at a dose of 150 
mg/kg. Alloxan was administered to animals after 36 h of 
fasting, which provides better reproducibility of these models 
due to a decrease in the level of glycemia to the lower limit of 
the reference range and a decrease in the variability of its level 
between animals [33]. 

Alloxan (2,4,5,6 - tetraoxohexahydropyrimidine) is a 
uric acid derivative that has a cytotoxic effect on pancreatic 
-cells. Alloxan increases the level of Reactive Oxygen Species 
(ROS) and promotes selective necrosis of pancreatic -cells. 
When administered parenterally, this substance exhibits a 
diabetic effect. Alloxan contributes to the development of 
persistent DM through damage to -cells of the pancreatic 
islets. This compound has minimal effect on other tissues 
when administered at the proper dose and is selective for islet 
 cells. Induction of DM by alloxan is associated with partial 
destruction of pancreatic islet cells, which leads to a decrease in 
the quantity and quality of insulin. Alloxan selectively inhibits 
insulin secretion by blocking the activity of glucokinase, the 
-cell glucose sensor. Alloxan induces insulin-dependent 
diabetes by inducing the formation of ROS, which leads to 
necrosis of -cells. It enters -cells, participates in a number 
of processes that can damage -cells and cause necrosis, and 
also generates ROS in a cyclic reaction with dialuric acid, its 
reduction product. The toxicity of alloxan is enhanced by ROS 
generated during this redox reaction [34].

Study design

On the second day after the induction of diabetes 
mellitus, the animals were intragastrically injected with 
BSP polysaccharide from the seeds of turnip Brassica rapa at 
doses of 10, 20 and 30 mg/kg and inulin (Now Foods dietary 
supplement (USA). Inulin Сertifi ed Organic. Prebiotic Pure 
Powder - as a reference substance as antidiabetic agent for 
the prevention and treatment of diabetes mellitus) at doses of 
25, 50 and 75 mg/kg for 14 days. On the 7th and 14th days, the 
animals' blood was taken to determine the glucose content and 
hematological analysis.

Glucose content was determined using blood serum on an 
FEK instrument at a wavelength of 540 nm using KIT Cypress 
Diagnostics (Belgium).

Peripheral blood parameters: hemoglobin content, 
erythrocyte count, average erythrocyte volume (MCV), 
average hemoglobin content in an individual erythrocyte 
(MCH), average hemoglobin concentration in erythrocyte 
mass (MCHC), number of reticulocytes, platelets, leukocytes, 
concentration of lymphocytes (Lym, %), erythrocytes (RBC, 
1012/l), platelets (PLT, 109/l) were measured on an automatic 
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hematology analyzer Dymind DH36, Shenzhen Dymind 
Biotechnology Co., ltd, China.

Statistical processing of results

Statistical analysis of the results of the study was carried 
out on the basis of determining the arithmetic means (M) and 
their errors ( ± m) using standard programs of the Microsoft 
Offi ce package.

Results 

Isolation and purifi cation of polysaccharides

Extraction with water was used to isolate the polysaccharides. 
Poly saccharides (conventionally named BSP) were precipitated 
from aqueous solutions with the addition of ethanol in a ratio  
of 1:4 (by volume). The yield of polysaccharides was 1.6%. The 
total amount of carbohydrates was 30.3%, which indicates 
the presence of impurities in the composition of the isolated 
polysaccharide. The isolated polysaccharides were then 
deproteinized by the Savage method. After deproteinization, the 
amount of protein in the samples was determined by the Lowry 
method. The results showed that the isolated polysaccharide 
contained trace amounts of proteins and peptides.

The polysaccharide sample was passed through DEAE-650C, 
washed with water, and eluted with a subsequent NaCl gradient 
solution (0–1 M). As shown in Figure 1, neutral polysaccharides 
were obtained by washing with distilled water to obtain one 
polysaccharide fraction (conventionally named B SP-1), and 
anionic polysaccharides were eluted with 0.1 M NaCl solution 
(conventionally named BSP-2). This indicates that this sample 
is composed of a neutral and anionic polysaccharide.

The major polysaccharide fractions of BSP-1 and BSP-
2 were further separated and sequentially purifi ed on a 
Sephadex G-100 column (Figure 2) and it was determined 
that the polysaccharide samples consisted of homogeneous 
polysaccharides. The two major polysaccharide peaks, BSP-1-1 
and BSP-2-1, were collected and freeze-dried.

Рhysico-chemical characteristics of polysaccharides

The monosaccharide composition of BSP-1-1 and BSP-2-1 
was determined by hydrolysis of trifl uoroacetic acid and the 
GC/MS method (Figure 3). The results obtained are presented 
in Table 1. From the results obtained, it can be seen that the 
polysaccharides consist mainly of arabinose and galactose 
residues. Other monosaccharides are present in their composition 
in trace amounts. Comparison with the monosaccharide 
composition of previously isolated polysaccharides from 
turnip roots showed that the roots contain polysaccharides of 
a different composition containing arabinose and glucose in 
BRP-1-1 in a molar ratio of 1.66:98.34; in BRP-2-1, arabinose, 
galactose, and glucose in a molar ratio of 9.3:14.63:76.07; and 
in BRP-3-1, arabinose, rhamnose, galactose, and glucose in a 
molar ratio of 24.98:24.10: 44.09:6.83 [35].

The isolated polysaccharides were subjected to IR 
spectroscopic studies (Figure 4). Absorption bands 

corresponding to polysaccharides were observed in the IR 
spectrum. The band between 3200–3400 cm-1 represents the 
О-Н stretching vibrations. Characteristic signals for symmetric 
stretching of H–C–H bonds were observed at 2935 cm–1. In 
the region of 2360 cm-1, characteristic signals were observed 
corresponding to the C=O bond of adsorbed CO2. In the 
region of 1637 cm–1, absorption bands were observed that are 

Figure 1: Ion-exchange chromatography of the isolated polysaccharide on DEAE-
650C (eluent – 0-1 M NaCl gradient, elution rate-1 ml/min).

Figure 2: Gel chromatography of neutral polysaccharides (BSP-1-1) (a) and anionic 
polysaccharides (BSP-2-1) (b) isolated from Brassica rapa seeds (on Sephadex 
G-100, eluent-distilled water, elution rate – 0.65 ml/min).

5,0 7,5 10,0 12,5 15,0 17,5 20,0

RT, min

Fruc

Rha Rib

Ara

Xyl

Man

Glc

Gal

(1)

(2)

(3)

Figure 3: GC/MS spectra of alditol acetate derivatives of standard monosaccharides 
(1), monosaccharides in the composition of the isolated polysaccharide BSP-1-1 (2) 
and BSP-2-1 (3) of Brassica rapa seeds.

Table 1: Monosaccharide composition of isolated polysaccharides.

Name Ribose, % Arabinose, % Mannose, % Glucose, % Galactose, %

BSP-1-1 5.05 56.38 5.87 8.63 24.05

BSP-2-1 6.35 60.15 7.19 4.12 22.16
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characteristic of the O–H bound water molecule in the samples 
and protein C=O bonds. Asymmetric stretching vibrations 
at 1521 cm-1 corresponding to C=O (specifi c for proteins and 
peptides) were observed only in the crude and deproteinized 
extract. The deproteinized extract had a much-reduced peak 
intensity. This shows that after deproteinization, the number 
of proteins and peptides decreased signifi cantly. No peaks 
were observed in this region for BSP-1-1 and BSP-2-1, which 
indicates that the samples were completely free of proteins and 
peptides after separation.

Absorption at 1418 cm-1 is an asymmetric stretching 
vibration of the C-H bond (CH2 groups) corresponding to 
polysaccharides. The characteristic peaks for the C-O-C 
bond in the pyranose ring of the monosaccharide unit of the 
polysaccharides were observed at 1140 cm-1. Absorption bands 
of stretching vibrations corresponding to glycosidic С-О-С 
bonds between monosaccharide residues were observed in 
the region of 1072 cm-1. Absorption at 1039 cm-1 represents 
C-O stretching vibrations from side carbinol groups (C-OH). 
Characteristic signals of deformation vibrations of -glycosidic 
bonds between pyranose forms of polysaccharides were found 
at 862 cm-1. 

IR spectroscopic studies have shown that the isolated 
polysaccharides from the seeds of the turnip Brassica rapa 
consist mainly of -linked pyranose residues.

Polysaccharides consisting of xylose, mannose, and 
galactose are believed to reduce hyperlipidemia in rat models, 
and therefore the biological activity was studied in a model of 
diabetes mellitus.

Toxicity and immunomodulatory studies in animals

After 10-15 minutes, with oral administration of BSP 
polysaccharide at a dose of 2000 mg/kg, tachycardia, an 
increase in the number of washings, and grouping of animals 
were observed, which disappeared after 20 minutes. When 
observing animals for 14 days, no deaths were recorded. It was 
determined that with a single oral administration of the BSP 
polysaccharide from the seeds of the turnip Brassica rapa to 
animals at doses of 2000 and 2001 mg/kg, no animal deaths 
were recorded during the 14 days of the experiment.

According to the results of the study of the acute toxicity 
properties of the BSP polysaccharide from the seeds of the 
turnip Brassica rapa, it was found that this substance belongs 
to class V compounds - practically non-toxic substances.

Based on the results of acute toxicity studies, doses were 
selected for further studies.

Evaluation of the effect of BSP on humoral immunity 

The reference drug was Immunal ® tablets (SANDOZ, 
d.d., Slovenia), an herbal medicinal product containing juice 
from freshly harvested fl owering parts of the Echinacea 
purpurea plant. Echinacea purpurea contains biologically active 
substances that stimulate the nonspecifi c immune system and 
strengthen the body's defenses. The main active ingredients 
of Echinacea purpurea are caffeic acid derivatives (chicory acid 
and its esters), alkamides, and polysaccharides, which exhibit 
immunostimulatory activity.

The results of the experiments showed that BSP in the 
studied doses, compared with the pharmaceutical herbal 
preparation Immunal, has a pronounced stimulating effect 
on the process of antibody production in mice. A signifi cant 
increase in antibody production was found after intragastric 
administration of BSP at doses of 0.05, 0.5, and 5 mg/kg, which 
proves the stimulating effect of the drug at doses of 0.05 and 0.5 
mg/kg (S1 Table). Thus, the results  of the experiments showed 
that BSP at the studied doses has a pronounced stimulating 
effect on the process of antibody formation in mice, that is, on 
the humoral immunity of animals.

Evaluation of the effect of BSP on cellular immunity

The conducted studies showed that under the infl uence of 
BSP in all studied doses (0.05; 0.5 and 5 mg/kg) in relation to 
the reference drug Immunal at a dose of 60 mg/kg, a dose-
dependent decrease was observed (decrease in the difference in 
masses of the experimental and control paws) index of response 
to infl ammation and there was a signifi cant trend towards a 
decrease in the development of delayed-type hypersensitivity 
reactions, especially at doses of 0.5 and 5 mg/kg (S2 Table).

As a result of the  experiments on the effect of BSP on 
humoral and cellular imm unity, it was found that after a single 
injection of the test substance simultaneously with the antigen 
(RE) at doses of 0.05 and 0.5 mg/kg, a signifi cant increase 
in antibody production was found in mice and no signifi cant 
increase was noted. Delayed-type hypersensitivity reactions in 
mice at all studied doses in relation to the control.

When studying the immunomodulatory properties of BSP, 
it was shown that the substance does not cause changes in 
immunity, which are detected by the effect on the lymphoid 
organs.

Evaluation of the effect of BSP on models of alloxan dia-
betes

The introduction of alloxan causes a pronounced toxic effect 
on -cells of the pancreas: 7 days after the administration in 
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Figure 4: IR spectra of crude (1), deproteinized (2) polysaccharide, BSP-1-1 (3), and 
BSP-2-1 (4) isolated from Brassica rapa.
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animals of the control group, the concentration of glucose in the 
blood was maximum and amounted to 16.2 ± 0.12 mmol/l. This 
indicates a pronounced violation of carbohydrate metabolism 
due to the destruction of pancreatic -cells.

In animals after the introduction of polysaccharide BSP 
from the seeds of the turnip Brassica rapa and inulin in small 
doses, the content of glucose in the blood of animals during 
the measurement was signifi cantly lower than in the control 
group. Glucose concentration in groups of animals after taking 
BSP polysaccharide decreased by 35%, amounting to 10.5 
± 0.96 mmol/l, and after inulin - only by 24%, amounting 
to 12.3 ± 0.35 mmol/l. A week later, i.e. on the 14th day, the 
concentration of glucose in the blood of the test animals was 
close to the concentration of glucose in healthy animals - 3.07 
± 0.25 mmol/l.

Table 2 shows the indicators of blood glucose in the alloxan 
model rats on days 7 and 14 after the introduction of the BRP 
polysaccharide from the seeds of the turnip Brassica rapa at 
doses of 10, 20, and 30 mg/kg and inulin at doses of 25, 50 and 
75 mg/kg.

Peripheral blood parameters were also measured after the 
application of BSP polysaccharide from turnip se eds Brassica 
rapa and inulin (S3, S4 Tables). 

According to the results obtained, the data on the content 
of blood leukocytes in animals of intact and experimental 
groups in all studied doses of two substances on the 7th day 
differ sharply, which is consistent with the literature data, 
however, in large doses: 75 mg/kg of inulin and 30 mg/kg of 
polysaccharide BSP leukocytes are almost equal to that of the 
intact group.

The content of erythrocytes in all studied doses of both 
substances of the experimental groups does not differ from 
that of the intact group.

Within 14 days of treatment after the induction of diabetes 
mellitus, all blood counts and immunocompetent cells 
(leukocytes, erythrocytes, and platelets) with intragastric 
administration of inulin and the polysaccharide BSP from 
the seeds of the turnip Brassica rapa recovered to a normal 
physiological state, which indicates a potential antidiabetic and 
hypoglycemic effect studied substances.

Conclusion

For the fi rst time, water-soluble polysaccharides were 
isolated from turnip seeds by sequential water extraction. The 
results of IR spectroscopic studies showed that the isolated 
polysaccharides consist mainly of -linked pyranose units. 
It was determined that the isolated polysaccharides consist 
mainly of arabinose (BSP-1-1 – 56.3%, BSP-2-1 – 60%) and 
galactose (BSP-1-1 – 24%, BSP-2-1 – 22%). Based on the data 
obtained, it can be assumed that the studied polysaccharides 
from the seeds of the turnip Brassica rapa belong to the type of 
arabinogalactans.

When studying the immunomodulatory properties, it was 
determined that the polysaccharide BSP polysaccharide from 
the seeds of the turnip Brassica rapa does not cause changes 
in immunity, which are detected by the effect on the lymphoid 
organs, having a stimulating effect on the humoral and cellular 
immune response.

According to the results of studying the properties of acute 
toxicity of the BSP polysaccharide from the seeds of the turnip 
Brassica rapa, it was found that this substance belongs to 
class V compounds - practically non-toxic substances. With 
intragastric administration of inulin at doses of 25, 50, and 
75 mg/kg and BSP polysaccharide from the seeds of the turnip 
Brassica rapa at doses of 10, 20, and 30 mg/kg 14 days after the 
induction of diabetes mellitus, the indicator was close to that 
of the intact group of animals (intact - 3.07 ± 0.25, inulin 2.99 
- 3.14 ± 0.23, and BSP polysaccharide from the seeds of the 
turnip Brassica rapa 2.53-3.14 ± 0.20), while the indicator of 
the control group was - 8 .40 ± 0.35.

Within 14 days of treatment after the induction of diabetes 
mellitus, all blood counts and immunocompetent cells 
(leukocytes, erythrocytes, and platelets) with intragastric 
administration of inulin and BSP polysaccharide from the seeds 
of the turnip Brassica rapa recovered to a normal physiological 
state, which indicates a potential antidiabetic and hypoglycemic 
effect studied substances.

This study will provide an opportunity to plan and conduct 
studies to study the action of substances in the metabolism of 
glucose and lipids, which examines the enzymes that regulate 
the lipid activity of the liver, as well as the morphology of the 
liver and adipose tissue.
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Table 2: Determination of blood glucose in alloxan model rats on days 7 and 14 after 
the introduction of BSP polysaccharide from turnip seeds Brassica rapa and inulin 
(M ± m, n = 5).

Groups,
days

Control
Inulin

25 mg/
kg

Inulin
50 mg/kg

Inulin
75 mg/kg

BSP 
10 mg/

kg

BSP 
20 mg/

kg

BSP 30 
mg/kg

7 days 16.2 ± 
0,12

12.3 ± 
0.35
p* = 

0.002

15.03 ± 
0.73

p = 0.002

14.,95 ± 
1.15

p = 0.005

10.5 ± 
0.96

p = 0.02

11.5 ± 
1.92

12.42 ± 
0.46

p = 0.002

14 days 8.40 ± 
0.35

2.99 ± 
0.23

3.99 ± 
0.88

3.14 ± 
0.20

3.14 ± 
0.20

3.14 ± 
0.33

2.53 ± 0.23

*p < 0.05 in relation to the control group

https://www.peertechzpublications.org/articles/Supplementary-Materials-IJPSDR-9-148.zip
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