
International Journal of Veterinary and Animal Research 
E-ISSN: 2651-3609 4(1): 01-06, 2021

The Effects of Thymoquinone and β-aminoisobutyric acid on Brain Tissue of 
Streptozotocin-Induced Diabetic Rats 

Ibrahim Aktas1a*, Fatih Mehmet Gur2b 

1Adiyaman University, Vocational School of Health Services, Adiyaman, Turkey 
2 Niğde Ömer Halisdemir University, Faculty of Medicine, Department of Histology and Embryology, Niğde, Turkey

aORCID: 0000-0002-0956-8204; bORCID: 0000-0001-7748-3272 

*Corresponding Author Received: December 25, 2020 
E-mail: iaktas@adiyaman.edu.tr Accepted: February 03, 2021 

Abstract 

The aim of this study is to investigate the effects of timoquinone and β-aminoisobutyric acid (BAIBA) on the brain tissue of streptozotocin-
induced diabetic rats. Randomly selected 35 male rats were divided into five groups of 7 animals each at 8 weeks. The groups are respectively; 
C, D, DT, DB, DTB. Diabetes mellitus (DM) was induced by intraperitoneally injection of a single dose of streptozotocin. Thymoquinone (20 
mg/kg/day) and BAIBA (100 mg/kg/day) were administered to diabetic rats by gavage for 5 weeks. In the D group; glutathione (GSH) levels 
decreased. Again, in this group; relative brain weight, malondialdehyde (MDA), glucose, cholesterol (CH) triglyceride (TG) and creatine kinase 
BB (CK BB) levels increased. The histological structure of the hippocampus, cortex and cerebellum in diabetic rats was similar to that of the 
other groups. No histopathological alterations were detected in the central nervous system (CNS) at light microscopic level in any of the groups. 
It was observed that these biocehemical changes occurring after DM were reversed significantly in DT, DB and DBT groups. Although the 
protective effects of BAIBA were stronger than thymoquinone, the most effective result was obtained with the combined use of 
thymoquinone+BAIBA. The biochemical results obtained in this study showed that oxidative stress occurred in the brain tissue of diabetic rats. 
However, the effects of oxidative stress on the histological structure of brain tissue could not be detected by light microscopic level. The 
biochemical analysis results suggested that administration thymoquinone and BAIBA could be used as therapeutic agents with the potential to 
ameliorate brain damage caused by diabetes mellitus because of the antioxidant effects. 
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INTRODUCTION 
Glucose homeostasis in the body occurs by secretion of 
insulin from β cells of the pancreas in response to an 
increase in glucose concentration in the blood. The 
increase in insulin secretion inhibits gluconeogenesis in 
the liver and stimulates glucose entry into target tissues 
such as liver, muscle and fat (Kahn et al. 2014). DM is a 
disease characterized by an increase in blood sugar level 
and develops due to insufficient insulin hormone synthesis 
and secretion. Insulin deficiency and resistance to insulin 
also play a role in the formation of DM and changes in 
protein, carbohydrate and lipid metabolism can occur 
(Hasselbaink et al. 2003). Insulin resistance is defined as 
the inadequate response of peripheral tissues to insulin. As 
a result of this situation; The body's ability to use and 
metabolize glucose is significantly reduced and 
hyperglycemia occurs. Chronic hyperglycemia increases 
the production of reactive oxygen species (ROS) resulting 
in oxidative stress. ROS causes tissue and organ failure by 
damaging small blood vessels. Additionally ROS such as 
hydroxyl and superoxide radicals attack important cellular 
macromolecules such as carbohydrates, nucleic acids, 
lipids and proteins, cause cell damage or death (Tolmanet 
al. 2007; Karandrea et al. 2017; Joudaki and Setorki, 
2019). 

Streptozotocin is an unstable molecule that 
accumulates in pancreatic β cells and breaks down into 
carbonium radicals. Highly reactive carboxylic radicals 
produce direct and indirect toxic effects on pancreatic islet 
cells by increasing the formation of ROS (Sadek et al. 

2017; Ghanema and Sadek,2012). These toxic effects 
induce the destruction of pancreatic insulin-producing 
cells by DNA methylation and experimentally model type 
1 diabetes mellitus (T1DM). This situation mimics the 
impaired insulin secretion from the pancreas, the etiology 
of T1DM and the later stages of type 2 diabetes (T2DM) 
(Cruz et al. 2019; Furman, 2015). 

BAIBA is a catabolite of antiretroviral thymine 
analogs zidovudine and stavudine. This β-amino acid can 
increase fatty acid oxidation and reduce body weight in 
mice through an increased production of leptin by white 
adipose tissue (Maisonneuve et al. 2004). BAIBA is 
degraded in mitochondria to downstream catabolites such 
as propionyl-CoA, methylmalonyl-CoA and succinyl-
CoA. However, unlike these derivatives BAIBA, has low 
toxicity on mitochondrial DNA replication (Begriche et al. 
2008). Recently, it has been discovered that BAIBA is 
secreted by skeletal muscles after regular exercise via the 
peroxisome proliferator activated receptor gamma 
coactivator 1 α. On the other hand, BAIBA as a myokine, 
converts white adipose tissue into brown adipose tissue, 
which has an increased glucose metabolism and insulin 
sensitivity. BAIBA has also been shown to reduce hepatic 
ERS, apoptosis, and impairments in glucose and lipid 
metabolism after T2DM (Shi et al. 2016; Tanianskii et al. 
2019). Sawada et al. (2019) observed that BAIBA 
treatment significantly increased mRNA levels and the 
levels of antioxidant molecules such as catalase, 
superoxide dismutase, thioredoxin and gamma-
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glutamylcysteine ligases (Sawada et al. 2019). 
Additionally, Jung et al. (2015) have reported that BAIBA 
reduces insulin resistance in skeletal muscles, suppresses 
inflammation and induces fatty acid oxidation (jung et al 
2015).  

Thymoquinone is the most important bioactive 
ingredient found in Nigella sativa essential oil (Abdel-
Fattah et al. 2000). It is stimulates insulin secretion from 
pancreatic cells in response to the increase in blood 
glucose. In addition, it promotes glucose entry into cells 
and the use of glucose in cells, maintains glucose 
homeostasis by inhibiting hepatic glucose production. It 
has also been reported that β cells protect against oxidative 
stress and support the redox cycle (Karandrea et al. 2017). 
Thymoquinone has been shown to protect the brain against 
ischemic damage, reduces epileptic seizures, and most 
importantly, it reduces cerebral oxidative stress caused by 
diabetes (Elmaci and Altinoz,2016; Hamdy and Taha, 
2009).  

Results of studies ivestigating the effects of 
streptozotocin induced DM on the CNS are variable. Some 
studies have reported that learning and memory-related 
changes occur in diabetic individuals leading to dementia 
and cognitive dysfunction (Gispen and Biessels, 2000). In 
addition, long-term DM can disrupt the structure of the 
blood-brain barrier resulting in vascular damage and 
increase the rate of apoptosis in the CNS (Dai et al. 2002; 
Jakobsen et al.1987; Gurpinar et al. 2012). However, 
Guven et al. (2009) reported that no histopathological 
changes were observed at light microscopic level in the 
hippocampus, cortex and cerebellum after STZ induced 
diabetes in rats. Gurpinar et al. (2012) were reported that 
DM did not cause any significant a histopathological and 
apoptotic changes in the hippocampus, cortex and 
cerebellum, except for the damage to vascular 
endothelium. 

In this study, the effects of Thymoquinone and 
BAIBA, which are reported above to have positive effects 
on glucose lipid metabolism and the prevention and 
treatment of diabetes, against pathological changes in the 
central nervous system caused by DM will be examined. 

MATERIALS AND METHODS 
Animals 
In this study, 35 male Sprague-Dawley rats (210-250 g, 8 
weeks old) were obtained from Adıyaman University 
Experimental Animal Production Application and 
Research Center. Experimental procedures were carried 
out in the same center also.  The animals were 
accommodated at 24 °C, 65 ± 10% humidity with 12 hours 
of light: 12 hours dark cycle. During these procedures, 
water and pellet feed were given to the rats as adlibitum. 
Ethics committee permission was taken from Adiyaman 
University Laboratory Animals Local Ethics Committee 
(Protocol 2019/002). The obtention and manipulation of 
test rats, and the following procedures were properly 
authorized by the institution’s ethics guidelines. 

Treatment protocol 
A total of 35 male rats, each containing seven rats, were 
randomly divided into five groups. The groups are 
respectively; control (C), diabetes (D), 
diabetes+thymoquinone (DT), diabetes+BAIBA (DB), 
diabetes+thymoquinone+BAIBA (DTB). A single dose of 
streptozotocin (50 mg/kg) dissolved in 0.1 M sodium 
citrate buffer (pH: 4.5) was administered intraperitoneally 
(i.p.) to all groups except group C. After 72 hours of 

streptozotocin administration, blood glucose level was 
measured from the tail vein. Rats whose blood glucose 
concentrations are detected above 250 mg/dL were 
considered as diabetic. Diabetic rats except D group 
received thymoquinone (20 mg/kg/day) and BAIBA (100 
mg/kg/day) by gavage for five weeks (Bayat et al. 2019; 
Liu et al. 2019; Begriche et al. 2008; Pari and 
Sankaranarayanan, 2009; Randhawa et al.2013). Blood 
glucose levels were measured on the third and last day of 
experimental applications (Sharma et al. 2019). After the 
experimental procedures were completed, blood samples 
were taken from the vena cava caudalis of anesthetized rats 
(75 mg/kg ketamine hydrochloride+xylazine 10 mg/kg 
i.p.). The serum obtained by centrifuging the blood
samples at 5,000 x g for 15 minutes were stored at -86 ° C
for biochemical analyses. After decapitation one part of
the excised brain, was separated for biochemical analysis.
The other part was immersed in 10% buffered neutral
formalin solution for histopathological analysis and fixed
at +4 ºC for 24 hours.

Histological procedures 
The fixated tissues were embedded in paraffin through 
routine histological procedures (Yahyazadeh and 
Altunkaynak, 2020). Tissues cut from paraffin blocks with 
microtome with a thickness of 5 μm were stained with 
hematoxylin & eosin (H & E) methods (Yahyazadeh and 
Altunkaynak, 2019). Histopathological examinations were 
performed using Olympus BX-53 microscope and 
photographs were taken with this microscope camera (DP 
80 Olympus, Tokyo, Japan). 

Biochemical evaluation 
CK BB, CH, TG and glucose levels in the blood were 
analysed by using routine enzymatic methods with the 
Abbott Arcitech analyzer 16000 using GluC glucose kit, 
Ref no; 3L82-42 (Transasia Biomedicals Limited, Solan 
HP, in technical collaboration with GluC Diagnostics 
Mannheim Gmbh, Germany). 

Oxidative stress biomarkers 
MDA level in brain tissue was measured. The lipid 
peroxidation was analyzed according to the concentration 
of TBA reagent species (TBARS). MDA was treated with 
TBA at pH 2-3 and 95 °C for 15 minutes. After the residue 
was centrifuged at 2500 x g for 10 minutes, samples were 
read by spectrophotometer at a wavelength of 532 nm 
(Placer et al. 1966). GSH levels in the brain tissues were 
determined according to Sedlak and Lindsay method 
(Sedlak and Lindsay, 1968). The sample was washed with 
50% TCA and centrifuged at 1000 x g for 5 minutes. 2 mL 
of thermo fisher scientific (Tris-EDTA) buffer (0.2 M, pH 
= 8.9 and 0.1 mL of 0.01 M 5,5'-dithio-bis-2) was added 
by taking 0.5 mL of the supernatant from the supernatant. 
0.5 mL of the supernatant was removed from the 
supernatant-nitrobenzoic acid and 2 mL of Tris-EDTA 
buffer (0.2 M, PH: 8.9) and 0.1 mL of 0.01 M 5,5'-dithio-
bis-2 were added. The mixture sample was allowed to 
stand at room temperature for 5 minutes and read by 
spectrophotometer at 412 nm wavelength. 

Statistical analysis 
Data such as glucose level were analyzed by the paired 
samples t-test. The groups were compared at the beginning 
and end of the study by paired samples t-test. Shapiro- 
Wilk test was performed to evaluate normality. Inter-group 
and intra-group comparisons were made using parametric 
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oneway ANalysis Of VAriance (ANOVA). Post hoc LSD; 
Kruskal-Wallis test was used for biochemical parameters 
(serum CH, TG, CK BB and relative brain weight) for 
nonparametric values. In addition, Kruskal-Wallis test was 
used to evaluate the semiqualified evaluation of 
histopathological scores. Differences in the parameters 
measured among the groups were analyzed by Kruskal-
Wallis test. A Mann-Whitney U test was used to compare 
dual groups. P ≤ 0.05 values were considered statistically 
significant. 

RESULTS 
Histopathological analysis: The histological structure of 
the cortex, hippocampus and cerebellum in the control 
group and other groups were examined in detail at light 
microscopic level. Histological structures of the control 
group and the other groups were similar, and no 
histopathological changes were observed in any of the 
groups. 

Biochemical analysis: In the present study, serum glucose 
level was increased in comparison to control group. This 

data of the DTB group was similar to the control group, 
but also they were largely normalized in the DT and DB 
groups significantly (Table 1). The results of glucose 
levels stated in this study were used in our other articles on 
the effects of thymoquinone and BAIBA use on heart, liver 
and kidneys against streptozotocin-induced diabetes 
(articles in press). In the D group, relative brain weight 
decreased; while serum TG, CH and CK BB amount 
increased as compared the C group These data’s started to 
normalize in the DT and DB groups. This normalization 
was more successful in the DBT group compared to the 
other two groups in table 2 significantly. 

Oxidative stress biomarkers: As shown in table 2 tissue 
GSH amount decreased and MDA amount increased in D 
group compared to C group significantly. In the DT and 
DB groups, this was reversed, respectively. The DTB 
group was more successful than the other two treatment 
groups significantly. The use of thymoquinone and 
BAIBA greatly reduced post-diabetic oxidative stress.

Table 1. Comparision of serum biochemical parameters (body weight and glucose) among the study population. 
Stage of study Control STZ STZ+TQ STZ+BAIBA STZ+TQ+BAIBA 
Initial glucose (mg/dl) 80 ± 1 318 ± 33 330 ± 37 319 ± 31 305 ± 35 
Final glucose (mg/dl) 94 ± 5 335 ± 29 330 ± 32 ¥ 254 ± 34 205 ± 24 α 

Changes in glucose of experimental rats. Values are expressed as mean ± SEM of six animals. The groups were compared 
with the paired-samples t-test at initial and final treatment. p ≤ 0 05. C: Control; D: Diabetes; DT: Diabetes+thymoquinone; 
DB: Diabetes+BAIBA; DBT:Diabetes+thymoquinone+BAIBA £,€,¥, β,α in each column, different superscript characters mean 
significant differences at p < 0 05 in different groups. 

Table 2. Changes in of relative brain weight, CH, TG, CK BB, MDA and GSH experimental rats. 
Stage of study Control STZ STZ+TQ STZ+BAIBA STZ+TQ+BAIBA 

Brain (g/100 g BW) 0.92± 0.01 a,b.c,d 0.66±0.01 b,c,d,e 0.74±0.00 a,c,d,e 0.82±0.00 a,b,d,e 0.89±0.00 a,b,c,e 

CH (mg/dL) 50.86 ±1.12 b, c, d 74.71±0.68 a, c, d, e 66.86±0.67 a b, d, e 60.43±1.04 a b,c,e 53.00±0.78 ,b,c,d 

TG (mg/dL) 69.00 ±4.37 b,c,d,e 12.57±1.83 a,c,d,e 39.86±2.40 a,b,d,e 50.00±2.16 a,b,c,e 63.57±2.69 b,c,d 

CK BB (mg/dL) 22.71±0.96 b,c,d,e 67.14 ±1.71a,c,d,e 54.86 ±1.62 a,b,d,e 44.00±1.49 a,b,c,e 31.14±2.42 a,b,c,d 
MDA (nmol/g tissue) 245..86 ± 2.17 b,c,d,e 412.29 ± 2.95 a,c,d,e 380.43±1.66 a,b,d,e 337.57±3.57 a,b,c,e 270.86±2.04a,b,c,d 

GSH (mg/g tissue) 234.14±1.77 b,c,d 153.71±1.42 a,c,d,e 172.86±1.86 a,b,d,e 196.86±0.8 a,b,c,e 235.14±1.83 b,c,d 
Each group represents the mean ± SEM for six rats. ap < 0 01 vs the control group; bp < 0 01 vs the D group; cp < 0 01 vs the DT group; dp < 0 
01 vs the DB group; and ep < 0 01 vs the DTB group. C: Control; D: Diabetes; DT:Diabetes+thymoquinone; DB: Diabetes+BAIBA; 
DBT:Diabetes+thymoquinone+BAIBA; CH, cholestrol; TG, triglyceride; CK BB, creatine kinase BB. 

Figure 1. Photomicrographs of H&e staining of brain sections of 
Control, STZ, TQ, BAIBA and TQ+BAIBA gruoups (X100). No 
histopathological alterations were observed in any of the groups. 

DISCUSSION AND CONCLUSION 
Increase in serum glucose level in D group were 
compatible to result of Joudaki and Setorki (2019) study. 
In the present study, serum glucose levels in DT and DB 
groups decreased when compared to D group. This result 
was consistent with the literature (Shi et al., 2016; Usta and 
Dede, 2017). In the D group; while relative brain weight 
decreased compared to the C group, the amount of serum 
glucose increased. Although these data were almost the 
same in the DTB group with the C group, they were largely 
improving in the DT and DB groups (Yajing et al.2012). 
Thymoquinone was proven to be beneficial in the 
treatment of DM by lowering blood sugar and increasing 
insulin secretion and sensitivity, increasing glucose 
utilization as well a decreasing hepatic glucose production. 
It has been shown that thymoquinone protects β cells from 
oxidative stress following streptozotocin treatment (Pari 
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and Sankaranarayanan, 2009). BAIBA has been shown to 
reduce hepatic insulin resistance, hepatic gluconeogenesis 
and blood glucose levels in Type 2 diabetes (Shi et al. 
2016). In this study, it was found that serum glucose level 
decreased in DT, DB and DTB groups. This result is 
consistent with the data’s in the literatures (Shi et al. 2016; 
Usta and Dede, 2017). 
Oxidative stress plays an important role in the 
pathogenesis of diabetic complications. Oxidative stress 
increases under diabetic conditions and causes dysfunction 
in many cell types. There is a balance between ROS and 
antioxidants in the body. The shift of this balance to ROS 
is called oxidative stress. Polyunsaturated fatty acids 
(PUFA) formed as a result of these ROS cause oxidative 
degradation. These PUFAs are rich in the brain and cause 
oxygen free radical origin and also play an important role 
in DNA pathogenesis. MDA is one of the lipid 
peroxidation products that are an important indicator of 
oxidative stress. Increase in ROS level results in elevated 
MDA level causes death of neurons by oxidizing various 
components of the cellular system such as lipid, proteins 
and nucleotides. This results in serious complications that 
cause learning and memory deficits (Al-Enazi 2007; Wang 
et al. 2018; Ozerol et al. 2009; Ohkawa et al. 1979; Shoji 
and Koletzko, 2007; Arora and Singh, 2014). Oxidative 
stress level in the body is regulated by enzymatic and non-
enzymatic antioxidant systems. Considered to be the most 
common and important intracellular protein (thiol), GSH 
plays a very important role as a free radical (FR) 
scavenger. Over production of FRs cause depletion 
endogenous antioxidants reserves in order to reduce the 
damaging effects of FRs (Ozerol et al. 2009).  In this study, 
the GSH level in the brain tissue decreased in the D group 
and the amount of MDA increased compared to the C 
group. In the DT and DB groups these findings were 
reversed respectively.  DBT group was more successful 
than the other two treatment groups. Use of thymoquinone 
and BAIBA greatly reduced post-diabetic oxidative stress. 
These data’s are consistent with the literature and confirm 
the antioxidant effects of thymoquinone and BAIBA 
(Begriche et al. 2008; Hamdy and Taha, 2009; Wang et al. 
2018; Ozerol et al. 2009; Manna et al. 2010; Abdel-Daim 
et al. 2018; Wang et al. 2017; Oboh et al. 2018). 

CH is biosynthesized in all animal cells and it is 
an important structural component of all living cell 
membranes. CH acts as a precursor for biosynthesis of 
steroid hormones, bile acids and vitamin D. CH is 
transported in the blood as lipoprotein complex. CH 
extracted from tissues is transported to the liver via high 
density lipoproteins, then excreted in bile (Narwal et al. 
2019). Human body converts excess calories immediately 
into TG which are stored in fat cells. In the case of energy 
requirement between meals. TGs are released from the fat 
cells in response to hormonal stimulation. A high TG 
synthesis occurs especially when high carbohydrate foods 
are consumed. High TG levels in the blood increases the 
risk of stroke, heart attack, and heart disease 
(Triglycerides, 2020). A creatine kinase isoform, CK-BB, 
found in the CNS catalyzes the transfer of phosphate 
groups from ATP to creatine phosphate. It also plays a role 
in energy transfer in tissues with high-energy requirement 
such as brain. CK-BB is found in astrocytes and therefore 
released when brain tissue is damaged. It has been reported 
that serum CK BB levels increase in various brain injury 
cases, including ischemia, and trigger neurodegenerative 
events that lead to neuronal losses (Sharma et al. 2017). In 
previous studies, increased serum concentrations of CH, 

TG and CK BB have been reported in streptozotocin-
induced DM (Zhou et al. 2019). Consistent with previous 
reports, serum concentrations of CH, TG and CK BB 
increased in the D group compared to the C group in this 
study. This increase is indicative of brain damage. In the 
DT and DB groups, these data began to normalize and this 
normalization was more successful in the DTB group than 
in the other two groups. The results obtained in this study 
are consistent with studies reporting that the increase in 
serum CH and TG levels after diabetes was greatly 
improved after thymoquinone administration (Begriche et 
al. 2008; Shi et al. 2016; Abdel-Daim et al. 2018). 
Results of studies examining the histopathological effects 
of DM on brain tissue are controversial. In some studies, it 
has been reported that DM causes neuro-pathological 
changes in brain tissue (Klein et al. 2004; Patrick and 
Campbell, 1990). Hernandez-Fonseca et al. (2009) 
reported histopathological lesions such as edema, 
increased apoptosis rate, and vacualization in neurons and 
glial cells at the light microscopic level, in the cerebral 
cortex, hypothalamus and cerebellum of diabetic rats. 
However, in one of the studies, it was reported that no 
significant histopathological and apoptotic changes 
observed after diabetes, except for vascular endothelial 
damage in brain regions such as the hippocampus, cortex 
and cerebellum (Gurpinar et al. 2012) In another study 
investigating the effects of diabetes on the same brain 
regions, it was stated that no histopathological changes 
were detected (Guven et al. 2009). The possible reason for 
the differences between the results of these studies is the 
duration of diabetes. Generally, experimental diabetes 
models of longer than six weeks (Hernandez-Fonseca et al. 
2009; Baydas et al. 2002; Baydas et al. 2003; Kamal et al. 
1999) have been reported to result in pathological changes 
in brain tissue. On the other hand, no pathological changes 
were reported in studies using short diabetes models 
(Gurpinar et al. 2012; Güven et al. 2009). The biochemical 
findings obtained in this study, in which the effects of five-
week diabetes on the brain were investigated, showed that 
oxidative stress was formed in the brain tissue. However, 
light microscopic examinations showed that there were no 
histopathological alterations in the cortex, hippocampus or 
cerebellum regions. 

This study showed that thymoquinone and BAIBA 
application was effective in alleviating the pathological 
changes in serum and brain tissue at the biochemical level 
as a result of DM induced by streptozotocin. The possible 
cause of the healing effects of these agents may be 
inhibition of lipid peroxidation and stimulation of 
antioxidant enzymes. The findings obtained in this study 
can be interpreted as that the damage caused by oxidative 
stress in the brain tissue is at a low level that cannot be 
detected by the histological methods used in this study. In 
future studies, it is thought that extending the duration of 
experimental diabetes and performing ultrastructural 
analysis may enable the histopathological effects of 
diabetes on brain tissue to be determined more precisely. 
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