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ABSTRACT. Diabetes mellitus is accompanied by metabolic and oxidative stress-related complications 

and supportive treatment with natural products might prevent or delay the progression of these 

complications. The present study hypothesized that Brassica nigra pollen (BNP), shown to have metabolic 

and antioxidative properties, can reduce oxidative stress and genotoxicity and improve metabolic 

parameters in diabetes mellitus. Diabetes was induced by intraperitoneal injection of STZ (65 mg/kg). The 

rats were divided into four groups; control rats; control group rats given BNP; diabetic rats; diabetic group 

rats given BNP. Rats were given with BNP for thirty days (350 mg/kg/day). Serum insulin, blood glucose, 

triglyceride, total cholesterol, high-density lipoprotein-cholesterol, alanine aminotransferase, aspartate 

aminotransferase levels were evaluated using an auto-analyzer. Plasma and tissue malondialdehyde (MDA) 

levels were measured with spectrophotometric methods. Serum paraoxonase (PON), arylesterase (ARE), 

superoxide dismutase, glutathione peroxidase activities were determined using commercial kits. 

Genotoxicity was determined by the bone marrow micronucleus (MN) method. BNP recovered the 

increased plasma and heart, muscle, liver, and kidney tissue MDA and serum glucose and total cholesterol 

levels. BNP increased serum PON, ARE activities and showed antigenotoxic activity by decreasing MN 

frequency in the BNP-treated diabetic rats. BNP has antihyperglycemic, antihyperlipidemic, antioxidant, 

and antigenotoxic properties and can be a promising supportive therapeutic agent in diabetes mellitus for 

improving treatment outcomes and reducing treatment-related and/or diabetes-related complications. 
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INTRODUCTION 

In the human biological system, there is a struggle between the oxidant and antioxidant 

forces, and oxidative stress is the imbalance of these systems in favor of the former. 

Oxidative stress has been accepted to be related to the pathogenesis of various diseases 

together with, including diabetes mellitus and its complications [1, 2]. The fight against 

oxidative stress is provided by various antioxidant enzymes [Superoxide dismutase 

(SOD), glutathione peroxidase (GPx) catalase (CAT), and paraoxonase (PON)] and many 

antioxidant molecules (vitamin A, C, and E and uric acid, bilirubin, etc.) [3].  
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Diabetes mellitus (DM) is characterized by hyperglycemia, hyperlipidemia, and 

oxidative stress, and these situations affect each other in a vicious circle. Hyperglycemia 

causes glycosylation of proteins, enzymes, nucleic acid material, and lipoproteins, 

resulting in deactivation and deformation of these molecules [1, 4, 5]. The principal 

approach for attaining glycemic control in diabetes mellitus is lifestyle modification, 

insulin, or oral hypoglycemic agents. However, there are reports about the side effects of 

insulin and oral hypoglycemic agents [6, 7].  

Bee products have been suggested to be used in the treatment of various disorders such 

as diabetes mellitus, cardiovascular diseases, and cancer  [8], and the German Federal 

Board of Health acknowledges bee pollen as an official medicine [9]. Bee pollen is rich 

in amino acids, proteins, carbohydrates, fats, minerals, vitamins, phenolic substances, 

phytochemicals [10, 11]. Brassica nigra (L.) K. Koch, known as Black Mustard 

(Brassicaceae family), is an annual herbaceous wild plant that has a very wide natural 

distribution in Africa, Asia, and Europe, also widely cultivated crop. On the other hand, 

Brassica pollen is mainly preferred as a major source by honey bees. Since ancient times, 

mustard has been used by mankind for medicinal properties. Antihyperglycemic, 

antihyperlipidemic and antioxidant effects of B. nigra seeds, roots, and leaves were 

shown in experimental and clinical studies [12, 13, 14, 15, 16, 17]. 

 Due to the specific chemical properties of herbal species, monofloral bee pollen is a 

safe alternative for medicinal practice [18] and according to our, this is the first study of 

the effects of monofloral B. nigra pollen on oxidative stress and metabolic changes in 

STZ-induced diabetic rats. 

We hypothesized that BNP, can reduce oxidative stress and genotoxicity and improve 

metabolic disturbances in diabetes mellitus. For this reason, PON, ARE, SOD, and GPx 

were studied for antioxidant status. Plasma and tissue malondialdehyde (MDA) levels 

were determined to research the oxidative stress parameters. Total cholesterol (TC), high-

density lipoprotein-cholesterol (HDL-C) and triglyceride (TG) levels, alanine 

aminotransferase (ALT), aspartate aminotransferase (AST) activities, and blood glucose, 

serum insulin levels were measured to investigate the metabolic status of the groups. 

Moreover, bone marrow micronucleus (MN) frequencies were also investigated as a 

marker of genotoxic damage. 

MATERIALS AND METHODS 

Pollen collection and analyses  

From the colonies of Anatolian honey bee (Apis mellifera Anatolia) which were kept 

in Langstroth-type of hives in the Bursa lowland area (40o 13.8’ N, 28 o 49.8’ E), the 

pollen grains of B. nigra were collected in May 2019. The pollen loads which were 

accumulated in the bottom of drawers of each hive were removed twice a day and stored 

at -20ᵒC until analysis. Pollen loads from different botanical origins were classified 

according to their color on the cold pack by using a stereomicroscope (Zeiss Stemi DV4, 

China). However, from each color, a small portion was mixed with glycerin jelly and 

stained utilizing basic fuchsine, and the uncatalyzed pollen grains were examined under 

the light microscope (Olympus BX 41, USA). The identification of pollen grains was 

carried out using a light microscope. The images of pollen grains were compared 

concerning slides of pollen collection of the Uludağ University, Palynology Laboratory 

(Bursa, Turkey). The pollen pellets which were identified as B. nigra pollen grains were 
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kept under -20 ℃ for further examination. These pellets were given to rats as frozen 

pollen. In addition, a purity test of the pellets was conducted to assess the level of 

contamination as follows: one g of pollen pellets was homogenized with 70% ethanol 

with three parallel uncatalyzed slides. A thousand pollen grains were counted and 

identified on each slide by using the light microscope. Then the total percentage of their 

purity was calculated. The results of this assay showed that the pollen grains purity was 

98.9%. 

 

Animals and induction of diabetes 

Twenty-eight healthy male Wistar rats with an average weight of 350 g were used. The 

rats were maintained in the animal house at the Uludağ University in Bursa and were fed 

with standard laboratory chow produced by a commercial firm (Korkutelim Yem A.Ş. 

Antalya, Turkey) according to Turkish Standards Institution and tap water for a week 

before the experiment. Four rats were housed in each cage. All rats were kept at standard 

conditions of humidity (55±5%), temperature (25±2 °C), and light/dark cycle (12/12 h). 

Diabetes in rats was induced by preparing STZ (Sigma-Aldrich Chemicals, USA) in 

sodium citrate buffer (pH 4.5) and administering 65 mg/kg intraperitoneally to rats. At 

the same time, citrate buffer solution was injected into the control group. Blood glucose 

was detected after 48 h of STZ or buffer injections. When rats had blood glucose levels 

higher than 200 mg/dL, they were considered diabetes and used for further experiments. 

 

Experimental design and sample collection  

The rats were divided into four groups (n:7); control rats (C), control rats given B. 

nigra pollen; (C+BNP), diabetic rats (D); diabetic rats given B. nigra pollen (D+BNP). 

Seven days after injection of STZ, B. nigra pollens (350 mg/kg/day) were added to the 

drinking water of the groups C+BNP and D+BNP for thirty days. The drinking water 

containing BNP was prepared daily.  

Weekly body weight and blood glucose levels, and daily food and fluid intake were 

recorded for all groups throughout the experimental procedure. Thirty days later, blood 

was collected by cardiac puncture under light ether anesthesia. The lipid profile, liver 

enzymes, insulin, and antioxidant enzymes were studied from the blood supernatant 

centrifuged at 3000 rpm for 15 minutes.  

For MDA analysis, blood samples were taken into tubes including EDTA. Plasma and 

serum samples were stored at -20 °C. While the skeletal muscle (Musculus 

gastrocnemius), heart, kidney liver tissues were dissected straight away after the 

collection of blood from rats. In addition, all obtained tissues were rinsed with cold 

standard saline solution and then stored at -20 °C for the MDA analysis.  

 

Estimation of biochemical parameters  

Using glucometer (Abbott, USA) glucose levels were determined from blood samples 

taken from the tail of rats in all experimental groups each week. HDL-C, TG, TC, AST, 

ALT levels were determined in serum using an auto-analyzer (Architect C8000, Abbott 

Laboratories, IL, USA). Serum insulin, SOD, and GPx levels were measured by 

commercial (ELISA) kits (Bioassay Technology Laboratory, China). Serum PON and 

ARE enzyme activities were measured with Rel Assay Diagnostics kits (Rel Assay 

Diagnostics, Turkey) on an Architect C8000 device (Abbott Laboratories, IL, USA). 
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Tissue MDA (kidney, heart, liver, and muscle) levels were studied according to the 

method described by Ohkawa et al. [19] and the results were given as nmol/mg tissue. 

Plasma MDA concentrations were determined by the TBA method [20]. 

 

Bone marrow micronucleus assay 

The methods used in previous studies have been applied with various modifications. 

Briefly, bone marrow was washed with 2 mL of fetal bovine serum from the femur bones 

removed by dissection and transferred to a sterile centrifuge tube via syringe. Bone 

marrow cells in fetal bovine serum were centrifuged at 1000 rpm for 10 minutes. After 

centrifugation, part of the supernatant was removed, and cells were suspended in the 

remaining supernatant. The cell suspension was spread on slides, and fixation was 

achieved by air drying for 24 hours. After that time, slides were first stained with 100% 

May Grünwald Giemsa stain for 3 minutes. It was then stained with 50% May Grünwald 

Giemsa for 3 minutes. After washing the slides, they were painted with 5% Giemsa dye 

prepared with pH 6.8 phosphate buffer for 20 min.  

Microscopic evaluations of the MN slides were performed by light microscopy (Nikon 

Eclipse E100) with a 100X objective. Younger polychromatic erythrocytes (PCE) and 

older Normachromatic erythrocytes (NCE) were evaluated after staining. During the 

evaluation, 1000 PCE cells were counted for each rat, and MNs in 1000 PCE cells were 

recorded. PCE / NCE ratios were determined in 2000 cells for each rat as a cytotoxicity 

marker. Results are given as mean MN values in 100 PCE cells (MNPCE%) ± SEM 

(standard error of the mean) value and mean PCE / NCE value ± standard deviation value. 

The percent reduction in the frequency of MNPCEs between group D and group D+BNP 

was calculated according to Waters et al. [21] using the following formula: 

 

 

Reduction % =  
frequency MNPCEs in group D − frequency of MNPCEs in group D+BNP  

frequency MNPCEs in group D−frequency MNPCEs in group C 
 x 100 

 

Similarly, the percent increment of PCE/NCE ratios as a marker to cytotoxicity was 

calculated using the following formula; 

 

Increment PCE/NCE ratio % =  

PCE

NCE
 the ratio in group D+BNP − 

PCE

NCE
 the ratio in group D

PCE

NCE
 the ratio in group C− 

PCE

NCE
 the ratio in group D 

 x 100 

 

Statistical analyses 

Data were given as the mean ± standard error (SEM). Statistical analyses were taken 

using Statistical Package for the Social Sciences (SPSS) software (Version 13.0 for 

Window) and Kruskal Wallis (K-independent samples test). While the subsequently 

significant differences were determined using Mann-Whitney U- test. Values are 

significant at the p<0.05 level. 
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RESULTS AND DISCUSSION 

We observed metabolic disturbances and oxidative stress in the diabetic rat model in 

this study as in our previous studies [22, 23, 24]. Oxidative stress was evident by the 

increased plasma and tissue MDA levels found in diabetic rats. We observed that SOD 

and GPx activities increased in the D group; however, they were not sufficient to 

compensate for the oxidative stress.  

In this study, while the increase in food, water intake, serum glucose, TC, TG, AST, 

and ALT levels was found in the D group, the decrease in body weight and insulin levels 

were found to be significant compared to the control group (Table 1). In the D+BNP 

group compared to the D group, an increase in insulin levels and a diminish in blood sugar 

and TC levels were found. The positive changes detected in these parameters may have 

developed due to the multifaceted effect of pollen. Bee pollen has a very rich bioactive 

structure such as vitamins, minerals, proteins, amino acids, lipids, carbohydrates, and as 

well as polyphenols [8, 9]. In many different human and animal studies, it has been stated 

that polyphenols and flavonoids modulate lipid metabolisms [25, 26] as well as 

carbohydrate metabolism in diabetes (such as improvement of peripheral sensitivity to 

insulin, inhibition of intestinal disaccharidase activities such as alpha-amylase, 

competitive inhibition of sodium-dependent glucose transporter-1), and further, they have 

been shown to have the feature of optimizing oxidative stress as an antioxidant [27, 28, 

29, 30].  

 

 

Table 1. Body weight, food, water consumption, and laboratory parameters of the study 

groups. 

Group C C+BNP     D D+BNP 

Food intake 

(g/24 h) 

22±1 20±1 37±2a*** 32±1 

Water intake 

(mL/24 h) 

40±1 49±1 107±1a*** 107±1 

Final body 

weight (g) 

416±8 420±4 286±28a*** 321±18 

Glucose 

(mg/dL) 

137±6 144±9 546±11a*** 449±28b** 

Insulin (mIU/L) 3.09±0,6 2.63±0.7 0.51±0.34a*** 2.10±0.42b* 

TC (mg/dL) 85±7 88±4 232±27a*** 112±11b*** 

TG (mg/dL) 82±7 71±8 179±19a*** 172±15 

HDL-C (mg/dL) 59±4 60±3 55±3 58±5 

ALT(IU/L) 59±2 57±4 200±13a*** 198±13 

AST(IU/L) 103±4 125±12 232±4a*** 249±38 

Abbreviations: TC: Total cholesterol, TG: Triglyceride, HDL-C: High-density lipoprotein-cholesterol, 

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase. C: Control rats, C+BNP: Control rats 

given B. nigra pollen, D: Streptozotocin-induced diabetic rats, D+BNP: Diabetic rats given B. nigra pollen. 

Values are given as mean ± SEM (standard error of the mean), Statistical comparison; aC vs D, bD vs 

D+BNP, Statistical significance, *p<0.05, *p<0.01,***p<0.001. 
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The heart, muscle, liver, kidney tissues, and plasma MDA levels had reduced at the 

D+BNP group compared with the D group (Fig. 1 and 2). The metabolic improvements 

we detected in carbohydrate and lipid metabolisms may be one of the factors underlying 

the low plasma and tissue MDA levels in the D+BNP group. MDA is the best sign of 

oxidative stress, giving us information about lipid peroxidation [31]. Studies have shown 

that the seeds and leaves of B. nigra and bee pollen have direct antioxidant properties [32, 

33, 34, 35], which may be another factor contributing to the low MDA levels observed in 

our study. However, when we analyzed the MDA levels of the C+BNP group, a 

significant decrease was found only in the muscle tissue of this group, suggesting that the 

effect of B. nigra pollen on these parameters is more effective in diabetic conditions. The 

liver has an effective role in the regulation of glucose and lipid homeostasis and the 

metabolism of reactive oxygen species (ROS). In our study, the increase in liver tissue 

MDA levels, which we detected in diabetic rats, was accompanied by an increase in serum 

AST and ALT levels, which supported deterioration in the liver. Similar to our findings, 

Laaroussi et al. [36] found that ALT and AST levels were increased in D-glucose-induced 

type 2 diabetes in rats and they also showed that enzyme levels were restored with pollen 

treatment. However, we did not observe any improvement in ALT and AST levels in this 

study. This discrepancy might result from the usage of different plant pollens or the 

amount and duration of pollen application. 

 

 

 
Fig. 1. Plasma malondialdehyde (MDA). Values are given as mean±SEM (standard 

error of the mean) Statistical comparison: aC vs D, bD vs D+BNP, Statistical 

significance, *p<0.05 for abbreviations of study groups, see Table 1. 
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Fig. 2. Tissue malondialdehyde (MDA) levels. Values are given as mean±SEM 

(standard error of the mean). Statistical comparison: aC vs C+BNP, bC vs D, cD vs 

D+BNP, Statistical significance, ***p<0.001, for abbreviations of study groups, see 

Table 1. 

 

 

There are different findings and opinions about antioxidant enzyme levels and 

activities in combating oxidative stress in diabetic conditions [37,38]. In this study, the 

increase in serum SOD and GPx activities in group D was significant compared to group 

C but the decrease in SOD and GPx activities in the D+BNP group was not statistically 

significant (Table 2). SOD and GPx are enzymes that protect cells from the toxic effects 

of endogenously produced free radicals. SOD dismutases superoxide radicals to hydrogen 

peroxide and oxygen  [39]. Therefore, the increase observed in SOD and GPx activities 

in the D group can be a protective response against increased superoxide formation as 

observed in our previous studies [21, 22, 23, 24]. Furthermore, we may say that although 

statistically non-significant, there was a tendency to diminish in the activities of SOD and 

GPx in the D+BNP group (Table 2). Considering that plasma and tissue MDA levels in 

diabetic rats decreased with BNP treatment, we can speculate a decrease in superoxide 

formation. 

PON1 is another antioxidant enzyme related to high-density lipoprotein (HDL). Many 

studies have reported PON1 and ARE enzyme activity and/or levels decrease due to ROS 

attack in high oxidative stress conditions such as coronary artery disease, dyslipidemia, 

and diabetes  [40, 41, 42, 43]. While there was a significant diminish in serum PON and 

ARE activities in group D rats compared to group C, serum PON and ARE activities were 

significantly higher in the D+BNP group than in group D. The significant reduction in 

serum PON and ARE enzyme activities in diabetic rats might be related to glycation 

and/or oxidative modification of HDL and/or enzyme paraoxonase [42]. However, the 

increase in PON and ARE enzyme activity in the D+BNP group made us think that B 

nigra pollen may protect lipoproteins and tissues against oxidative modification in 

diabetic conditions and may have positive contributions to prevent atherosclerosis. In the 

C+BNP group, there was no change in PON and ARE activities as in SOD and GSH-Px 
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enzymes. This considered us the idea that BNP does not directly affect these enzymes, at 

least under normal physiological conditions.  

 

Table 2. Serum superoxide dismutase, glutathione peroxidase paraoxonase, and 

arylesterase activities in the control and experimental groups. 

Group C C+BNP D D+BNP 

SOD (ng/ml)  1.96±0.16  2.05±1.42 2.60±0.22a*** 2.07±0.32 

GPx(U/mL) 64.10±9.20 64.30±54.00 102.40±2.10a*** 78.20±22.30 

PON (U/L) 56.70±6.90 59.70±8.50 36.40±1.40a*** 54.50±61.40b* 

ARE (U/L) 207.1±23.60 213.80±14.90 197.20±17.50 228.20±14.40b* 

Abbreviations: SOD: Superoxide dismutase, GPx: Glutathione peroxidase, PON: Paraoxonase, ARE: 

Arylesterase. Values are given as mean ± SEM (standard error of the mean), Statistical comparison: aC vs 

D, bD vs D+BNP, Statistical significance, *p< 0.05, ***p< 0.001, for abbreviations of study groups, see 

Table 1. 

 

In this study, a bone marrow micronucleus test was performed to evaluate genotoxicity 

and anti-genotoxic effects of BNP pollen in STZ-induced diabetic rats in vivo.  Table 3 

and 4. and Figure. 3 show the results of the bone marrow MN assay. There was no 

difference between group C and group C+BNP in terms of both MNPCE % and PCE / 

NCE values.  

 

Table 3. Frequency of micronucleus in polychromatic erythrocytes. 

Groups MNPCE % pa    pb 
     Reduction MN %  

   (between D and D+BNP) 

C 0.500±0.043 - 0.0001  

C +BNP 0.500±0.030 1.000 0.0001  

D 4.342±0.188 0.0001     -  

D+ BNP 1.857±0.134 0.0001 0.0001           64.211 
Abbreviations: MNPCE %: Percentage of Micronucleus in polychromatic erythrocytes, PCE: 

polychromatic erythrocytes. For abbreviations of study groups, see Table 1. 

Values are given as mean ± SEM (standard error of the mean) pa: Significance of MNPCE when 

compared with group C, pb: Significance of MNPCE when compared with group D. 

 

 

The MNPCE % values increased significantly in group D compared to group C. 

However, PCE / NCE values were significantly decreased in group D. While the MNPCE 

% value decreased significantly in the D+BNP group compared to the D group, the PCE 

/ NCE values increased significantly. 

 

 

Table 4. The ratio of polychromatic erythrocytes / Normachromatic erythrocytes. 

Groups PCE / NCE pa pb 
Increment PCE/NCE ratio % 

(between D and D+BNP) 

C 1.727±0.115     - 0.001  

C +BNP 1.721±0.066 1.000 0.0001  

D 0.711±0.022 0.001    -  

D+ BNP 1.013±0.028 0.004 0.0001       29.72 
Values are expressed as mean ± SEM (standard error of the mean), PCE: polychromatic erythrocytes 

NCE: Normachromatic erythrocytes. For abbreviations of study groups, see Table 1. pa: Significance of 

MNPCE when compared with group C, pb: Significance of MNPCE when compared with group D. 
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Fig. 3. Numbers of PCE and NCE. Values are given as mean and SEM (standard error 

of the mean), PCE: polychromatic erythrocytes NCE: Normachromatic erythrocytes. 

For abbreviations of study, groups see Table 1. 

 

 

There are recent studies on the potential of STZ-induced diabetes to increase DNA 

damage and cytotoxicity [44, 45, 46, 47, 48], but, to our knowledge, there is not any study 

that investigates the bone marrow genotoxicity and anti-genotoxic effects of BNP pollen 

in diabetic conditions in vivo. 

MNs are structures that are formed during cell division, do not join the main nucleus, 

and consist of whole chromosomes and/or chromosome fragments. Factors such as 

deficiency of some genes controlling the cell cycle, dysfunction of the mitotic spindle, or 

chromosomal damage can cause MN [47]. In this study, the increased frequency of MN 

(%MNPCE) and cytotoxicity (PCE/NCE) observed in group D are thought to be 

indicative of DNA damage caused by increased oxidative stress in diabetic conditions 

[44, 45, 46, 47]. Compared to the D group, the frequency of MNPCE decreased by 

approximately 65% and the PCE/NCE ratio increased by approximately 30% in the 

D+BNP group. These results suggest that B. nigra pollen does not have genotoxic and 

cytotoxic effects in healthy rat bone marrow further that B. nigra pollen may have 

protective/preventive effects against increased micronucleus formation as a result of 

DNA damage due to oxidative stress in diabetes. 

CONCLUSION 

The current study findings show that B. nigra pollen has antihyperglycemic, 

antihyperlipidemic, antioxidant, and antigenotoxic properties and may be a promising 

adjunctive therapeutic agent in curing diabetes and/or reducing diabetes-related 

complications. However, since there is no previous study of monofloral B. nigra pollen 

in diabetes, we suggest that further research is recommended to elucidate the mechanism 

behind its therapeutic/supportive effects in diabetes. 
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