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Abstract: In this study, against streptozotocin (STZ) induced diapetic nephropathy (DN); it is aimed to
investigate the use of thymoquinone (TQ) and B-aminoisobutyric acid (BAIBA) and to compare the
effects of these agents. With random selection of 35 male rats, five groups (seven rats in each group) were
constituted as follows: Control, STZ, STZ + TQ, STZ + BAIBA, STZ + TQ + BAIBA. In the STZ group;
body weight, glutathione (GSH) and insulin levels decreased, relative kidney weight, malondialdehyde
(MDA), glucose, blood urea nitrogen (BUN) and creatinine (Cr) levels were increased. Also, in kidney
tissue; histopathological changes (such as thickening of the capsular, glomerular and tubular basement
membranes, increased mesangial matrix amount, increased cytoplasmic vacuolization in some of the
tubular epithelial cells, increased tumor necrosis factor-alpha (TNF-o) expression, and inflammatory cell
infiltrations in interstitial tissue) were detected. It was observed that these changes occurring after
diabetes mellitus (DM) reversed significantly in TQ, BAIBA and TQ + BAIBA groups.

Keywords: B-aminoisobutyric acid; Diabetic nephropathy; Rat; Streptozotocin; Thymoquinone.

Resumen: En este estudio, contra la nefropatia diapética (ND) inducida por estreptozotocina (STZ); tiene
como objetivo investigar el uso de timoquinona (TQ) y &cido B-aminoisobutirico (BAIBA) y comparar
los efectos de estos agentes. Con la seleccion aleatoria de 35 ratas macho, se constituyeron cinco grupos
(siete ratas en cada grupo) como sigue: Control, STZ, STZ + TQ, STZ + BAIBA, STZ + TQ + BAIBA.
En el grupo STZ; el peso corporal, los niveles de glutation (GSH) y de insulina disminuyeron, el peso
relativo de los rifiones, el malondialdehido (MDA), la glucosa, el nitrégeno ureico en sangre (BUN) y los
niveles de creatinina (Cr) aumentaron. Ademas, en tejido renal; se detectaron cambios histopatoldgicos
(como engrosamiento de las membranas basales capsular, glomerular y tubular, aumento de la cantidad de
matriz mesangial, aumento de la vacuolizacién citoplasmatica en algunas de las células epiteliales
tubulares, aumento de la expresion del factor de necrosis tumoral alfa (TNF-a) e infiltraciones de células
inflamatorias en tejido intersticial). Se observo que estos cambios que ocurren después de la diabetes
mellitus (DM) se revirtieron significativamente en los grupos TQ, BAIBA 'y TQ + BAIBA.

Palabras clave: Acido B-aminoisobutirico; Nefropatia diabética; Rata; Estreptozotocina; Timoquinona.
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INTRODUCTION

DN, one of the most important complications of DM;
It shows a progressive course, resulting in end-stage
renal failure (ESRF) (Tziomalos & Athyros, 2015;
Hadjadj et al., 2016). Although the pathogenesis of
DN due to DM is not known precisely, it has been
reported that this is associated with hyperglycemia
oxidative stress and hypertension formed by DM (Xu
et al., 2005; Roshan, 2013; Arora & Singh, 2014).
Chronic hyperglycemia; It increases the production of
reactive oxygen species (ROS) and triggers oxidative
stress, causing damage to small blood vessels,
causing tissue and organ failure. ROS such as
hydroxyl and superoxide radicals attack cell cellular
macromolecules such as carbohydrates, nucleic acids,
lipids and proteins, causing cell damage or death (Xu
et al., 2005; Tolman et al., 2007; Ros et al., 2011;
Karandrea et al., 2017; Joudaki & Setorki, 2019). In
addition, pro inflammation due to hyperglycemia and
oxidative stress caused an increase in TNF-a, a pro-
inflammatory cytokine (Cayakar, 2018). In many
studies, it has been observed that the amount of TNF-
a increases in DN kidney tissue (Mc Carthy et al.,
1998; Giribabu et al., 2017). Microalbuminuria,
decreased creatinine clearance and glomerular
filtration rate are early clinical signs of DN. In
addition, kidney tissue in the following stages;
histopathological changes such as capsular,
glomerular and tubular basement membrane
thickening, mesangial matrix enlargement, loss of
podocytes, degeneration in the tubular epithelium and
macrophage infiltration are observed. ESRF, the last
stage of the disease, is characterized by irreversible
structural changes such as glomerulosclerosis and
tubulointerstitial fibrosis (Kanwar et al., 2008;
Kanter, 2009; Roshan & Stanton, 2013; Al-Trad et
al., 2016; Shaterzadeh-Yazdi et al., 2018). In patients
with type 1 and type 2 diabetes, using drugs with
blocking effect on the renin-angiotensin-aldosterone
system, controlling hypertension, as well as using
drugs to control dyslipidemia and hyperglycemia are
the most effective treatment strategies in reducing the
progression of DN and cardiovascular mortality
(Gross et al., 2005; Skupien et al., 2012; Levey et al.,
2014).

TQ is the most important bioactive ingredient
found in black seed (Nigella sativa) essential oil in
the ratio of 18.4-24% (Abdel-Fattah et al., 2000).
BAIBA is a catabolite of antiretroviral thymine
analogs zidovudine (AZT) and stavudine (d4T)
(Maisonneuve et al., 2004). It has recently been
discovered that BAIBA, a non-protein amino acid, is
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secreted by skeletal muscles after regular exercise
through the peroxisome proliferator-activated
receptor gamma coactivator 1 alpha (PGC-lo).
BAIBA, a myocin, transforms white adipose tissue
into brown adipose tissue, which improves glucose
metabolism and insulin sensitivity (Shi et al., 2016;
Tanianskii et al., 2019). In scientific studies; TQ and
BAIBA have been shown to have antioxidant,
antihyperglycemic, hypolipidemic, anti-
inflammatory, hepatoprotective, antidiabetic
properties, as well as reducing the amount of TNF-a,
which is a pro-inflammatory cytokine, and hepatic
glyconeogenesis (Bashandy et al., 2015; Awad et al.,
2016; Shi et al., 2016; Farkhondeh et al. 2017;
Abdelrazek et al., 2018; Sawada et al., 2019). In
addition, in recent studies, it has been reported that
the use of TQ against the adverse effects of STZ
induced DM in the kidneys demonstrates
renoprotective and therapeutic effects that reduce
oxidative stress. In a study conducted by Wang et al.
(2017) reported that BAIBA treatment can improve
pathological changes in the kidneys and that BAIBA
has the potential to be used as a medicine in the
treatment of renal fibrosis diseases (Kanter, 2009; Al-
Trad et al., 2016; Shaterzadeh-Yazdi et al., 2018).
STZ is an antibiotic produced by Streptomyces
achromogenes, cause the destruction of B cells in the
pancreas and used to create experimental DM
(Furman 2015; Bathina et al., 2017; Joudaki &
Setorki, 2019). The mechanism of the action of STZ
on pancreatic B-cells has not been completely
understood yet; however, it is believed that oxidative
stress plays an important role in the development of
complications from STZ (Sadek et al., 2017). STZ is
an unstable molecule that accumulates in pancreatic
B-cells and breaks down into carbonium radicals.
Carboxylic radicals, which are highly reactive,
produce toxic effects directly or indirectly by
increasing ROS formation on the pancreatic islet cell
(Ghanema & Sadek, 2012; Sadek et al., 2017). STZ
has been reported to cause B-cell damage by inducing
DNA fragmentation and methylation (Cardinal et al.,
2001). STZ is taken by pancreatic p-cells via GLUT2
glucose transporter causes degenerative changes in
these cells, resulting in decreased insulin secretion
and ultimately hyperglycemia (Eleazu et al., 2013).

In the current study, DN was developed
because of DM induced by STZ; It is aimed to
investigate the protective and therapeutic effects of
TQ and BAIBA and to compare their potency against
the biochemical changes in the blood and kidneys and
histopathological changes in the kidney tissue.
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MATERIAL AND METHODS

Chemicals

TQ (> 98%), STZ (> 98%), BAIBA (> 97%) was
purchased from Sigma-Aldrich Chemical Co. (St
Louis, MO). Hydrochloric acid (HCI), trichloroacetic
acid (TCA), thiobarbuturic acid (TBA), paraffin and
all other chemicals were purchased from Sigma-
Aldrich (Germany). Xylene, hematoxylin, eosin and
ethanol were obtained from Merck (Germany).

Animals

Thirty-five male Sprague-Dawley rats (210-250 g,
aged 8 weeks) which are supplied from Adiyaman
University ~ Experimental ~ Animal  Production
Application and Research Centre were used and
experimental procedures were performed in the same
centre. Ethics committee permission was taken from
Adiyaman University Laboratory Animals Ethics
Committee (Protocol 2019/001). 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 were randomly selected;
control, STZ, STZ + TQ, STZ + BAIBA, STZ + TQ
+ BAIBA were divided into five groups (n = 7). 50
mg/kg single dose of STZ was dissolved in 0.1 M
sodium citrate buffer (pH: 4.5) and then it was
administered as i.p. (Bayat et al., 2019; Liu et al.,
2019). After 72 hours of STZ administration, blood
glucose level was measured from the tail vein. Rats
with blood glucose concentrations above 250 mg/dL
were considered diabetic. Diabetic rats received TQ
(20 mg/kg/day) and BAIBA (100 mg/kg/day) by
gavage for 5 weeks (Begriche et al., 2008; Pari &
Sankaranarayanan, 2009; Randhawa et al., 2013).
Water and food consumption of rats were measured
daily, and blood glucose levels and body weights
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 + xylazine 10
mg/kg i.p). Blood serums were obtained by
centrifuging blood samples at 5,000 x g for 15
minutes and stored at -86°C for biochemical analysis
(El-Shemi et al., 2018). The rats were decapitated.
After weighing the excised kidneys, one part was
separated for biochemical analysis and the other part
was immersed in 10% buffered neutral formalin
solution for histopathological analysis and fixed at

Use of BAIBA and thymoquinone in the treatment of diabetic nephropathy

+4°C for 24 hours. Kidney tissues separated for
biochemical analyses were stored at -86°C.

Histological procedures

Fixated tissues were embedded in paraffin through
routine histological procedures. Tissues cut from
paraffin blocks with microtome thickness of 5 um
were stained with hematoxylin & eosin (H & E) and
PAS methods. Histopathological examinations were
performed using Olympus BX-53 microscope and
photographs were taken with this microscope camera
(DP 80 Olympus, Tokyo, Japan).

Immunohistochemistry

Sections were incubated for 1 hour at 60°C oven to
provide stronger adhesion of the slides to the tissue,
followed by a series of xylol and alcohol. After
removal of endogenous peroxidase, tissue sections
were incubated for 10 minutes in 3% hydrogen
peroxide (H20) (prepared with methanol) and then
washed in distilled water (5 minutes). The antigen
retrieval protocol began by transferring tissue
sections to the plastic coplin jar containing 0.01 M
citrate buffer (pH 6.0). The coplin jar was placed at
the midpoint of the rotating platform of the
microwave oven and heated four times in succession
for five minutes at 600 W. The amount of buffer in
the coplin jar was checked every five minutes to
complete the reduced fraction with distilled water.
The sections removed from the microwave were then
allowed to cool to room temperature for 20 minutes.
Antigen retrieval was terminated by washing the
cooled tissue sections in phosphate buffer saline
(PBS) for 5 minutes. After antigen retrieval protocol,
sections washed in PBS were incubated with 10%
normal rabbit serum at room temperature (10
minutes) to prevent nonspecific antibody binding. To
determine TNF-a expression, tissue sections were
incubated with rabbit anti-TNF-a primary antibody in
a humidified chamber at 4°C for 16-20 hours. Prior to
this procedure, TNF-a was diluted 1:200. The
sections were then incubated with biotinylated
secondary antiserum for 1 hour followed by
streptavidin horseradish peroxidase for 1 hour at 37°C
in a humid environment and washed with PBS
solution for 10 minutes before each incubation.
Sections were then immersed in AEC (3-amino-9-
ethylcarbozole) chromogen substrate (5 minutes),
washed with distilled water, stained with hematoxylin
(2 minutes) and covered with mounting medium.
Then, they were examined under a microscope and
photographed.
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Biochemical evaluation

Serum glucose mg/dL, BUN mg/dL and Cr mg/dL
levels were measured using the Abbott ARCHITECT
€16000 (Abbott Laboratories, Abbott Park, IL) and
specific commercial kits. Serum insulin ng/mL was
measured by the 800DXL analyzer using a
commercial kit (Immulite, Surrey, UK)

Oxidative stress biomarkers

MDA was measured in kidney tissue. The amount of
lipid peroxidation was measured 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
2,500 x g for 10 minutes, samples were analysed by
spectrophotometer at a wavelength of 532 nm (Placer
et al., 1966).

GSH levels in Kkidney tissues were
determined according to Sedlak and Lindsay (1968)
method. The sample was washed with 50% TCA and
centrifuged at 1,000 x g for 5 minutes. 2 mL of Tris-
EDTA buffer (0.2 M, pH =8.9and 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 analysed
by the spectrophotometer at 412 nm wavelength.

Statistical analysis

SPSS software, version 20.0 was used for statistical
analysis. Data were mean = SEM. Data’s such as
body weight and glucose level were analysed 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 one-way ANOVA post
hoc LSD; Kruskal-Wallis test was wused for
biochemical parameters (serum insulin, BUN, Cr and
relative kidney weight) for nonparametric values. In
addition, Kruskal-Wallis test was used to evaluate the
semi-qualified evaluation of histopathological scores.
Differences in the parameters measured among the
groups were analysed by Kruskal-Wallis test. A
Mann-Whitney U test was used to compare dual
groups. p < 0.05 values were considered statistically
significant.

Use of BAIBA and thymoquinone in the treatment of diabetic nephropathy

RESULT

Biochemical evaluation

In the STZ group of the present study, body weight
decreased with respect to comparing control group,
while serum glucose consumption were increased.
These data of the TQ + BAIBA group are strongly
similar than the control group, but also they were
largely normalized in the TQ and BAIBA groups
(Table No. 1).

In the STZ group, serum and instlin amount
decreased; while relative kidney weight, serum BUN
and Cr amount increased with respect to comparing
the control group. These data started to normalize in
the TQ and BAIBA groups, and this normalization
was more successful in the TQ + BAIBA group
compared with the other two groups (Table No. 2).

Oxidative stress biomarkers

As it is shown in Table No. 2; tissue GSH amount
decreased and MDA amount increased in STZ group
compared with control group. In the TQ and BAIBA
groups, this was reversed, respectively. The TQ +
BAIBA group was more successful than the other
two treatment groups. The use of TQ and BAIBA
greatly reduced post-diabetes oxidative stress.

Histopathological results

PAS staining

In the kidneys of the control group rats; histological
appearance of the renal corpuscle, glomerulus,
proximal and distal convulated tubules, and other
parenchymal and intestinal structures was normal.
However, in the kidney tissues of the STZ group rats;
histopathological changes were determined such as
thickening of capsular, glomerular and tubular
basement membranes, increased mesangial matrix
amount, cytoplasmic vacuolization in some tubular
epithelial cells and inflammatory cell infiltrations in
interstitial tissue (Figure No. 1). In the kidney tissues
of TQ and BAIBA groups, it was observed that
histopathological changes shaped in the STZ group
improved significantly. The histological appearance
of the kidney tissues of the TQ + BAIBA group rats
was almost the same as the control group. The
therapeutic effect resulting from the use of TQ and
BABA was stronger than their use alone (Figure No.
1).
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Table No. 1
Comparision of serum biochemical parameters (body weight and glucose) among the study population

Stage if study
Control STZ STZ+TQ STZ+BAIBA STZ+TQ+BAIBA
Initial weight (g) 2202 21512 219+2 21612 217 2
Final weight (g) 239+6f | 199+3¢ | 206 1¥ 207 £ 2P 214 +2°
Initial glucose mg/dL) 801 318+33 | 330+37 319+31 305 £ 35
Final glucose (mg/dL) 9415 335+29 | 330+32* 254 + 34 205 +24¢

Changes in the body weight and glucose of experimental rats. Values are expressed as mean + SEM of seven animals.
The groups were compared with the paired-samples t-test at initial and final treatment. p<0 05. STZ: streptozotocin;
TQ: thymoquinone; BAIBA: beta-aminoisobutyric acid. STZ, 50 mg/kg; STZ + TQ, 50 mg/kg STZ + 20 mg/kg TQ;
STZ + BAIBA, 50 mg/kg STZ + 100 mg/kg BAIBA; STZ + TQ + BAIBA, 50 mg/kg STZ + 20 mg/kg TQ + 100 mg/kg
BAIBA. £¢% B in each column, different superscript characters mean significant differences at p < 0 05 in different

Changes in of relative kidney weight, insulin, BUN, Cr, MDA, GSH experimental rats

groups

Table No. 2

Stage if study
Control STZ STZ+TQ STZ+BAIBA STZ+TQ+BAIBA
R.Kidney W. (g/100 g BW) | 0.43 +0.001°>%%¢ | 0.93 +0.01>%%¢ 0.76 + 0.01%P%¢ 0.64 + 0.01%>ce 0.50 + 0.01%><d
Insulin (ng/mL) 17 + 0.96"¢%¢ 7 +0.84%%%¢ 10 + 13Pde 13 +0.81> "¢ 15+ 1.19>b¢

BUN (mg/dL) 19.29 +0.52>%¢ | 25.35# 0.56>%%¢ 23.26 + 0.26*P% 21.34 + 0.28*P<¢ 19.19 + 0.25%¢¢

Cr (mg/dL) 0.18 + 0.05"<¢ 0.28 + 0.06>%%¢ 0.24 + 0.05%P% 0.21 +0.03* "¢ 0.19 + 0.08"¢¢
MDA (nmol/g tissue) 184.71 + 0.86"%%¢ | 244.00 + 0.87>%%¢ | 235.00 + 0.90>>%¢ | 223.14 + 0.80>>%¢ | 193.86 * 1.05*>¢
GSH (mg/g tissue) 0.187 + 0.01>%%¢ | 0.125 % 0.01*<% 0.147 + 0.01*P% 0.163 + 0.01%P<¢ 0.176 + 0.01%<d

Immunohistochemistry

TNF-a-positive immune staining intensity was
significantly higher in the STZ group than that of the
control group (Figure No. 2). Although the TNF-a-
positive immune staining intensity in the STZ +
BAIBA group kidney tissues was lower than that of
the STZ + TQ group, it was more than the STZ + TQ
+ BAIBA group. The staining intensity in the STZ +

TQ + BAIBA group was almost the same as the
control group. Co-administration of TQ and BAIBA
significantly reduced TNF-o expression in kidney
tissue compared with the STZ group (Figure No. 2).
TNF-a-positive immunostaining was not formed in
any of the tissue sections used as the negative control
(Figure No. 2N).
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Figure No. 1
Photomicrographs of PAS staining of kidney sections of Control, STZ, TQ, BAIBA and TQ+BAIBA gruoups
(x200). In STZ group kidney sections; Thickening of capsular, glomerular and tubular basement

membranes, increased mesangial matrix amount, cytoplasmic vacuolization in some tubular epithelial cells

and inflammatory cell infiltrations in interstitial tissue are observing. Pathological changes observed in STZ

group improved significantly in TQ, BAIBA and TQ + BAIBA groups. =: thickening of the glomerular
basement membrane (GBM), *: thickening of the capsular basal membrane (CBM), »: thickening in
tubular basement membrane (TBM), »: cytoplasmic vacuolization in tubular epithelial cells, *: increased
mesangial matrix, :inflammatory cell infiltrations.

Figure No. 2
Immunohistochemical distribution of TNF-a in kidney sections of Control, STZ, TQ, BAIBA and
TQ+BAIBA gruoups (x200). In the STZ (STZ1: cortex; STZ2: medulla) group, TNF-a-positive
immunostaining intensity appears to be much higher than the control group. In the Photomicrographs
belonging to the TQ, BAIBA and TQ + BAIBA groups, it is seen that the TNF-a-positive immunostaining
intensity decreased significantly compared to the STZ group
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DISCUSSION

Kidneys are one of the organs where harmful effects
of DM are seen. STZ is an antibiotic produced by
Streptomyces achromogenes, causing irreversible
damage with a direct toxic effect on pancreatic f3-
cells and used to create experimental DM (Salih et
al., 2014; Dhanavathy, 2015; Furman, 2015; Bathina
et al.,, 2017; Joudaki & Setorki, 2019). Diabetic
nephropathy is the main reason of morbidity and
death in diabetic people. Effective therapeutic agents
are needed to stop the progression of this disease and
to improve kidney damage (Shaterzadeh-Yazdi et al.,
2018).

In the current study, in the STZ group; while
insulin level and body weight decreased compared
with the control group, serum glucose amount and
relative kidney weight increased. These findings
overlap with the literature (Kanter, 2009; Ulu et al.,
2012; Omran, 2014; Sameni et al., 2016; Rivoira et
al., 2018; Khalilpour et al., 2019) While these data
were almost identical with the control group in the
TQ + BAIBA group, they were largely normalized in
the TQ and BAIBA groups. Studies have shown that
hyperglycemia causes an increase in kidney weight
by increasing the amount of extracellular matrix in
kidney tissue (Seyer-Hansen et al., 1980; Yajing et
al., 2011; Sameni et al., 2016). This information
explains the increase in relative kidney weight in the
STZ group in the current study. The probable cause
of body weight loss in STZ group rats is that because
the glucose in the blood cannot be used by the body
cells as a source of metabolic energy, the cells use
amino acids formed by the breakdown of fats and
structural proteins as energy sources (Giribabu et al.,
2017; Joudaki & Setorki, 2019). It has been proven
that TQ lowers blood sugar and is beneficial in the
treatment of DM by increasing insulin secretion and
sensitivity, increasing glucose utilization and also
decreasing hepatic glucose production. It has also
been shown that TQ protects B cells against oxidative
stress  following STZ treatment (Pari &
Sankaranarayanan, 2009; Karandrea et al., 2017).
BAIBA has been shown to reduce hepatic insulin
resistance, hepatic gluconeogenesis and blood
glucose level in the Type 2 diabetes (Shi et al., 2016).
In this study, it was found that the serum glucose
level decreased in the TQ and BAIBA groups. This
result coincides with the data in the literature (Kanter,
2009; Omran, 2014; Shi et al., 2016; Usta & Dede,
2017).

In previous studies, serum BUN and Cr
amounts increased in DN induced by STZ (Omran,

Use of BAIBA and thymoquinone in the treatment of diabetic nephropathy

2014; Giribabu et al., 2017; Khalilpour et al., 2019).
Similarly, in the present study, serum BUN and Cr
amounts increased in the STZ group compared with
the control group. The increase of BUN and Cr
amounts in the serum is an indicator of dysfunction
and damage in the kidneys and is compatible with the
histopathological findings obtained (Omran, 2014;
Giribabu et al., 2017; Khalilpour et al., 2019). In the
TQ and BAIBA groups, this data started to normalize
and in the TQ + BAIBA group, this normalization
was more successful than the other two groups. In
studies conducted, it was reported that the increase in
serum BUN and Cr levels in DN induced by STZ
restored to a great extent after TQ application
(Kanter, 2009; Omran, 2014; Ozer et al., 2020).
These results are in line with the data in the current
study.

Oxidative stress is the shift of balance
between ROS and antioxidants in the body to the side
of ROS. MDA, one of the lipid peroxidation
products, is an important indicator of oxidative stress
(Ohkawa et al., 1979; Shoji & Koletzko, 2007;
Sameni et al., 2016). The level of oxidative stress in
the body is regulated by enzymatic and non-
enzymatic antioxidant systems. GSH is a non-
enzymatic antioxidant. Oxidative stress plays an
important role in the pathogenesis of DNA (Xu et al.,
2005; Roshan & Stanton, 2013; Arora & Singh,
2014). In this study, the amount of GSH in the
kidneys decreased and the amount of MDA increased
in the STZ group compared with the control group.
This result, which shows that oxidative stress
increases, is compatible with other literatures
showing that oxidative stress increases in DN (Seyer-
Hansen et al., 1980; Sameni et al. 2016; Giribabu et
al., 2017). These changes in MDA and GSH levels
were reversed in TQ and BAIBA groups. The
antioxidant effect caused by the use of TQ + BAIBA
was stronger than their use alone. The results
obtained are in line with the literature and confirm
the antioxidant effects of TQ and BAIBA (Begriche
et al., 2008; Manna et al., 2010; Wang et al. 2017;
Ozer et al., 2020).

In studies carried out, STZ-induced diabetes
in the kidneys due to dysfunctions such as
microalbuminuria, decreased Cr clearance and
glomerular filtration rate, capsular, glomerular and
tubular basement membrane thickening, mesangial
matrix enlargement, loss of podocytes, degeneration
in tubular epithelium, macrophage infiltration and
TNF-apoptosis apiltus caused histopathological
changes, such as an increase in the ratio, and even
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reported to cause irreversible structural disorders
such as glomerulosclerosis and tubulointerstitial
fibrosis resulting in ESRF (Kanwar et al., 2008;
Roshan & Stanton, 2013; Al-Trad et al., 2016; El-
Shemi et al, 2017; Giribabu et al., 2017;
Shaterzadeh-Yazdi et al., 2018). In the current study,
in the kidney tissues of the STZ group rats;
histopathological changes such as thickening of
capsular, glomerular and tubular  basement
membranes, increased mesangial matrix amount,
cytoplasmic vacuolization in some of the tubular
epithelial cells, inflammatory cell infiltrations in the
interstitial tissue and increased TNF-a expression
were observed. These findings are consistent with the
results of studies showing that DM causes
nephropathy in the kidneys.

The development of protective or curative
treatment strategies against kidney damage shaped in
diabetic patients depends on the full clarification of
the pathogenesis of DN. Although the pathogenesis
of DN has not been completely clarified yet, studies
have shown that hyperglycemia, oxidative stress,
inflammation and dyslipidemia that play after DM
play a critical role in the pathogenesis of DN (Kanter,
2009; Sayed; 2012; Omran, 2014; Al-Trad et al.,
2016; Ulabay et al., 2019). The results obtained in the
current study showed that TQ and BAIBA were
effective in preventing functional and
histopathological changes in kidney tissue after
diabetes caused by STZ. The therapeutic effect
caused by the combination of TQ and BAIBA was
stronger than their use alone. While the effect of
BAIBA’s reduction on TNF-a expression in kidney
tissue was strong compared with TQ, it was weak
compared with the combination of BAIBA and TQ.
In a study conducted by Wang et al. (2017) it was
reported that BAIBA treatment could reverse the
accumulation of the extracellular matrix and fibrosis

REFERENCES

Use of BAIBA and thymoquinone in the treatment of diabetic nephropathy

in the kidneys, and BAIBA has the potential to be
used as a medicine in the treatment of renal fibrosis
diseases. In the current study, normalization of
histopathological ~ changes  characterized by
thickening of capsular, glomerular and tubular
basement membranes in the STZ group confirms the
reversible effect of BAIBA’s extracellular matrix
accumulation in kidney tissues. In many studies
investigating the effectiveness of TQ against STZ-
induced DN, TQ); it has been reported that it improves
pathological changes in kidney tissue after diabetes
with its antioxidative, antininflammatory and
antihyperglycemic effects. The data obtained on the
use of TQ in the current study are consistent with the
results of these studies (Kaatabi et al.,, 2015;
Darakhshan et al., 2015; EI-Shemi et al., 2018;
Shaterzadeh-Yazdi et al., 2018).

CONCLUSION

The present study was showed that the treatment of
TQ and BAIBA improved biochemical and
histological alterations in the serum and kidneys of
STZ-induced DM rats. Although the healing effect of
BAIBA was stronger than TQ, it was weak compared
with TQ + BAIBA. This finding showed a synergistic
effect between TQ and BAIBA. Also, the action
mechanism of these agents may be inhibition of lipid
peroxidation and stimulation of antioxidant enzymes.
This suggests that TQ and BAIBA may be effective
in the treatment of DN. Further studies are needed to
fully elucidate the mechanism of therapeutic effect of
these agents.

ACKNOWLEDGEMENTS

This study was supported by a grant from Adiyaman
University Research Foundation (Project
SHMYOMAP/2018-0001).

Abdel-Fattah AM, Matsumoto K, Watanabe H. 2000. Antinociceptive effects of Nigella sativa oil and its major
component, thymoquinone, in mice. Eur J Pharmacol 400: 89 - 97.

https://doi.org/10.1016/50014-2999(00)00340-x

Abdelrazek HMA, Kilany OE, Muhammad MAA, Tag HM, Abdelazim AM. 2018. Black seed thymoquinone
improved insulin secretion, hepatic glycogen storage, and oxidative stress in streptozotocin-induced
diabetic male Wistar rats. Oxid Med Cell Longev 2018: 8104165.

https://doi.org/10.1155/2018/8104165

Al-Trad B, Al-Batayneh K, EI-Metwally S, Alhazimi A, Ginawi I, Alaraj M, Alkofahi E, Aljumaili O, Kosba A.
2016. Nigella sativa oil and thymoquinone ameliorate albuminuria and renal extracellular matrix
accumulation in the experimental diabetic rats. Eur Rev Med Pharmacol Sci 20: 2680 - 2688.

Arora M, Singh UK. 2014. Oxidative stress: Meeting multiple targets in pathogenesis of diabetic nephropathy.
Curr Drug Targets 15: 531 - 538. https://doi.org/10.2174/1389450115666140321120635

Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas/310


https://doi.org/10.1016/s0014-2999(00)00340-x
https://doi.org/10.1155/2018/8104165
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alhazimi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27383323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ginawi%20I%5BAuthor%5D&cauthor=true&cauthor_uid=27383323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alaraj%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27383323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alkofahi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27383323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aljumaili%20O%5BAuthor%5D&cauthor=true&cauthor_uid=27383323
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kosba%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27383323
https://doi.org/10.2174/1389450115666140321120635

Atkas et al. Use of BAIBA and thymoquinone in the treatment of diabetic nephropathy

Awad AS, Abd Al Haleem EN, El-Bakly WM, Sherief MA. 2016. Thymoquinone alleviates nonalcoholic fatty
liver disease in rats via suppression of oxidative stress, inflammation, apoptosis. Naunyn Schmiedebergs
Arch Pharmacol 389: 381 - 391. https://doi.org/10.1007/s00210-015-1207-1

Bashandy SAE, Jaleel GAA, Abdallah HM, Harraz SES. 2015. Therapeutic implications of thymoquinone in the
management of diabetes mellitus and its complications. Am J Phytomed Clin Therapeut 3: 287 - 301.

Bathina S, Srinivas N, Das UN. 2017. Streptozotocin produces oxidative stress, inflammation and decreases BDNF
concentrations to induce apoptosis of RINSF cells and type 2 diabetes mellitus in Wistar rats. Biochem
Biophys Res Commun 486: 406 - 413. https://doi.org/10.1016/j.bbrc.2017.03.054

Bayat M, Dabbaghmanesh MH, Koohpeyma F, Mahmoodi M, Montazeri-Najafabady N, Bakhshayeshkaram M.
2019. The effects of soy milk enriched with lactobacillus casei and omega-3 on the tibia and L5 vertebra in
diabetic rats: a stereological study. Probiotics Antimicrob Protein 11: 1172 - 1181.
https://doi.org/10.1007/s12602-018-9482-z

Begriche K, Massart J, Abbey-Toby A, Igoudjil A, Letteron P, Fromenty B. 2008. Beta-aminoisobutyric acid
prevents diet-induced obesity in mice with partial leptin deficiency. Obesity 16: 2053 - 2067.
https://doi.org/10.1038/0by.2008.337

Cardinal JW, Margison GP, Mynett KJ, Yates AP, Cameron DP, Elder RH. 2001. Increased susceptibility to
streptozotocin-induced beta-cell apoptosis and delayed autoimmune diabetes in alkylpurine-DNA-N-
glycosylasedeficient mice. Mol Cell Biol 21: 5605 - 5613.
https://doi.org/10.1128/mch.21.16.5605-5613.2001

Cayakar A. 2018. What is Tumor Necrosis Factor Alpha? J Intern Med 3: 67 - 76.

Crowley LV. 1967. The Reitman-Frankel colorimetric transaminase procedure in suspected myocardial infarction.
Clin Chem 13: 482 - 487. https://doi.org/10.1093/clinchem/13.6.482

Darakhshan S, Bidmeshki Pour A, Hosseinzadeh Colagar A, Sisakhtnezhad S. 2015. Thymoquinone and its
therapeutic potentials. Pharmacol Res 95-96: 138 - 158. https://doi.org/10.1016/j.phrs.2015.03.011

Dhanavathy G. 2015. Immunohistochemistry, histopathology, and biomarker studies of swertiamarin, a secoiridoid
glycoside, prevents and protects streptozotocin-induced beta-cell damage in Wistar rat pancreas. J
Endocrinol Invest 38: 669 - 684. https://doi.org/10.1007/s40618-015-0243-5

Eleazu CO, Eleazu KC, Chukwuma S, Essien UN. 2013. Review of the mechanism of cell death resulting from
streptozotocin challenge in experimental animals, its practical use and potential risk to humans. J Diabetes
Metab Dis 12: 60 - 68. https://doi.org/10.1186/2251-6581-12-60

El-Shemi AG, Kensara OA, Alsaegh A, Mukhtar MH. 2018. Pharmacotherapy with thymoquinone improved
pancreatic B-cell integrity and functional activity, enhanced islets revascularization, and alleviated
metabolic and hepato-renal disturbances in streptozotocin-induced diabetes in rats. Pharmacology 101: 9 -
21. https://doi.org/10.1159/000480018

Farkhondeh T, Samarghandian S, Borji A. 2017. An overview on cardioprotective and anti-diabetic effects of
thymoquinone. Asian Pac J Trop Med 10: 849 - 854. https://doi.org/10.1016/j.apjtm.2017.08.020

Furman BL. 2015. Streptozotocin-Induced Diabetic Models in Mice and Rats. Curr Protoc Pharmacol. 70: 5 47
41-45 47 20.

Ghanema A, Sadek KM. 2012. Olive leaves extract restored the antioxidant perturbations in red blood cells
hemolysate in streptozotocin induced diabetic rats. Int J Animal Vet Sci 6: 124 - 130.

Giribabu N, Karim K, Kilari EK, Salleh N. 2017. Phyllanthus niruri leaves aqueous extract improves kidney
functions, ameliorates kidney oxidative stress, inflammation, fibrosis and apoptosis and enhances kidney
cell proliferation in adult male rats with diabetes mellitus. J Ethnopharmacol 205: 123 - 137.
https://doi.org/10.1016/j.jep.2017.05.002

Gross JL, de Azevedo MJ, Silveiro SP, Canani LH, Caramori ML, Zelmanovitz T. 2005. Diabetic nephropathy:
diagnosis, prevention, and treatment. Diabetes Care 28: 164 - 176.

https://doi.org/10.2337/diacare.28.1.164

Hadjadj S, Cariou B, Fumeron F, Gand E, Charpentier G, Roussel R, Kasmi AA, Gautier JF, Mohammedi K,
Gourdy P, Saulnier PJ, Feigerlova E, Marre M. 2016. Death, end-stage renal disease and renal function
decline in patients with 31 diabetic nephropathy in French cohorts of type 1 and type 2 diabetes.
Diabetologia 59: 208 - 216. https://doi.org/10.1007/s00125-015-3785-3

Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas / 311


https://doi.org/10.1007/s00210-015-1207-1
https://doi.org/10.1016/j.bbrc.2017.03.054
https://doi.org/10.1007/s12602-018-9482-z
https://doi.org/10.1038/oby.2008.337
https://doi.org/10.1128/mcb.21.16.5605-5613.2001
https://doi.org/10.1093/clinchem/13.6.482
https://doi.org/10.1016/j.phrs.2015.03.011
https://doi.org/10.1007/s40618-015-0243-5
https://doi.org/10.1186/2251-6581-12-60
https://doi.org/10.1159/000480018
https://doi.org/10.1016/j.apjtm.2017.08.020
https://doi.org/10.1016/j.jep.2017.05.002
https://doi.org/10.2337/diacare.28.1.164
https://doi.org/10.1007/s00125-015-3785-3

Atkas et al. Use of BAIBA and thymoquinone in the treatment of diabetic nephropathy

Joudaki R, Setorki M. 2019. The protective effect of Satureja bachtiarica hydroalcoholic extract on streptozotocin-
induced diabetes through modulating glucose transporter 2 and 4 expression and inhibiting oxidative stress.
Pharm Biol 57: 318 - 327. https://doi.org/10.1080/13880209.2019.1597131

Kaatabi H, Bamosa AO, Badar A, Al-Elg A, Abou-Hozaifa B, Lebda F, Al-Khadra A, Al-Almaie S. 2015. Nigella
sativa improves glycemic control and ameliorates oxidative stress in patients with type 2 diabetes mellitus:
placebo controlled participant blinded clinical trial. PL0oS One 10: e0113486.
https://doi.org/10.1371/journal.pone.0113486

Kanter M. 2009. Protective effects of thymoquinone on streptozotocin-induced diabetic nephropathy. J Mol Histol
40: 107 - 115. https://doi.org/10.1007/s10735-009-9220-7

Kanwar YS, Wada J, Sun L, Xie P, Wallner El, Chen S, Chugh S, Danesh FR. 2008. Diabetic nephropathy:
Mechanisms of renal disease progression. Exp Biol Med (Maywood) 233: 4 - 11.
https://doi.org/10.3181/0705-mr-134

Karandrea S, Yin H, Liang X, Slitt AL, Heart EA. 2017. Thymoquinone ameliorates diabetic phenotype in diet-
induced obesity mice via activation of SIRT-1-dependent pathways. PL0oS One 12: e0185374.
https://doi.org/10.1371/journal.pone.0185374

Khalilpour J, Roshan-Milani S, Gharalari FH, Fard AA. 2019. Macrophage migration inhibitory factor antagonist
(p425) ameliorates kidney histopathological and functional changes in diabetic rats. J Bras Nefrol 41: 315
- 322. https://doi.org/10.1590/2175-8239-jbn-2018-0184

Levey AS, Inker LA, Matsushita K, Greene T, Willis K, Lewis E, de Zeeuw D, Cheung AK, Coresh J. 2014. GFR
decline as an end point for clinical trials inCKD: a scientificworkshop sponsored by the National Kidney
Foundation and the US Food and Drug Administration. Am J Kidney Dis 64: 821 - 835.
https://doi.org/10.1053/j.ajkd.2014.07.030

Liu YD, Zhang SC, Xue J, Wei ZQ, Shen BX, Ding LC. 2019. Caffeine improves bladder function in
streptozotocin-induced diabetic rats. Neurourol Urodyn 38: 81 - 6. https://doi.org/10.1002/nau.23799

Maisonneuve C, Igoudjil A, Begriche K, Letteron P, Guimont MC, Bastin J, Laigneau JP, Pessayre D, Fromenty B.
2004. Effects of zidovudine, stavudine and beta-aminoisobutyric acid on lipid homeostasis in mice:
possible role in human fat wasting. Antivir Ther 9: 801 - 810.

Manna P, Das J, Ghosh J, Sil PC. 2010. Contribution of type 1 diabetes to rat liver dysfunction and cellular damage
via activation of NOS, PARP, lkappaBalpha/NF-kappaB, MAPKSs, and mitochondria-dependent pathways:
Prophylactic role of arjunolic acid. Free Radic Biol Med 48 :1465 - 1484.
https://doi.org/10.1016/j.freeradbiomed.2010.02.025

McCarthy ET, Sharma R, Sharma M, Li JZ, Ge XL, Dileepan KN, Savin VJ. 1998. TNF-alpha increases albumin
permeability of isolated rat glomeruli through the generation of superoxide. J Am Soc Nephrol 9: 433 -
438.

Ohkawa H, Ohishi N, Yagi K. 1979. Assay for lipid peroxides in animal tissues by thiobarbituric acid reaction.
Anal Biochem 95: 351 - 358. https://doi.org/10.1016/0003-2697(79)90738-3

Omran OM. 2014. Effects of thymoquinone on STZ-induced diabetic nephropathy: an immunohistochemical study.
Ultrastruct Pathol 38: 26 - 33. https://doi.org/10.3109/01913123.2013.830166

Ozer MK, Bilgic S, Armagan |, Savran M. 2020. Thymoquinone protection from amikacin induced renal injury in
rats. Biotech Histochem 95: 129 - 136. https://doi.org/10.1080/10520295.2019.1650957

Pari L, Sankaranarayanan C. 2009. Beneficial effects of thymoquinone on hepatic key enzymes in streptozotocin-
nicotinamide induced diabetic rats. Life Sci 85: 830 - 834. https://doi.org/10.1016/j.1fs.2009.10.021

Placer ZA, Cushman LL, Johnson BC. 1966. Estimation of product of lipid peroxidation (malonyl dialdehyde) in
biochemical systems. Anal Biochem 16: 359 - 364. https://doi.org/10.1016/0003-2697(66)90167-9

Randhawa MA, Alghamdi MS, Maulik SK. 2013. The effect of thymoquinone, an active component of Nigella
sativa, on isoproterenol induced myocardial injury. Pak J Pharm Sci 26: 1215 - 1219.

Rivoira M, Rodriguez V, Picotto G, Battaglino R, Tolosa de Talamoni N. 2018. Naringin prevents bone loss in a rat
model of type 1 Diabetes mellitus. Arch Biochem Biophys 637: 56 - 63.
https://doi.org/10.1016/j.abb.2017.12.001

Ros S, Garcia-Rocha M, Calbo J, Guinovart JJ. 2011. Restoration of hepatic glycogen deposition reduces
hyperglycaemia, hyperphagia and gluconeogenic enzymes in a streptozotocin-induced model of diabetes in
rats. Diabetologia 54: 2639 - 2648. https://doi.org/10.1007/s00125-011-2238-x

Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas / 312


https://doi.org/10.1080/13880209.2019.1597131
https://doi.org/10.1371/journal.pone.0113486
https://doi.org/10.1007/s10735-009-9220-7
https://doi.org/10.3181/0705-mr-134
https://doi.org/10.1371/journal.pone.0185374
https://doi.org/10.1590/2175-8239-jbn-2018-0184
https://doi.org/10.1053/j.ajkd.2014.07.030
https://doi.org/10.1002/nau.23799
https://doi.org/10.1016/j.freeradbiomed.2010.02.025
https://doi.org/10.1016/0003-2697(79)90738-3
https://doi.org/10.3109/01913123.2013.830166
https://doi.org/10.1080/10520295.2019.1650957
https://doi.org/10.1016/j.lfs.2009.10.021
https://doi.org/10.1016/0003-2697(66)90167-9
https://doi.org/10.1016/j.abb.2017.12.001
https://doi.org/10.1007/s00125-011-2238-x

Atkas et al. Use of BAIBA and thymoquinone in the treatment of diabetic nephropathy

Roshan B, Stanton RC. 2013. A story of microalbuminuria and diabetic nephropathy. J Nephropathol 2: 234-240.

Sadek KM, Lebda MA, Nasr SM, Shoukry M. 2017. Spirulina platensis prevents hyperglycemia in rats by
modulating gluconeogenesis and apoptosis via modification of oxidative stress and MAPK-pathways.
Biomed Pharmacother 92: 1085 - 1094. https://doi.org/10.1016/j.biopha.2017.06.023

Salih ND, Kumar GH, Noah RM, Muslih RK. 2014. The effect of streptozotocin induced diabetes mellitus on liver
activity in mice. Global J Adv Pure Applied Sci 4: 66 - 74.

Sameni HR, Ramhormozi P, Bandegi AR, Taherian AA, Mirmohammadkhani M, Safari M. 2016. Effects of
ethanol extract of propolis on histopathological changes and anti-oxidant defense of kidney in a rat model
for type 1 diabetes mellitus. J Diabetes Invest 7: 506 - 513. https://doi.org/10.1111/jdi.12459

Sawada M, Yamamoto H, Ogasahara A, Tanaka Y, Kihara S. 2019. peta-aminoisobutyric acid protects against
vascular inflammation through PGC-1lbeta-induced antioxidative properties. Biochem Biophys Res
Commun 516: 963 - 968. https://doi.org/10.1016/j.bbrc.2019.06.141

Sayed AA. 2012. Thymoquinone and proanthocyanidin attenuation of diabetic nephropathy in rats. Eur Rev Med
Pharmacol Sci 16: 808 - 815. https://doi.org/10.1016/0003-2697(68)90092-4

Sedlak J, Lindsay RH. 1968. Estimation of total, protein-bound, and nonprotein sulfhydryl groups in tissue with
Ellman's reagent. Anal Biochem 25: 192 - 205.

Seyer-Hansen K, Hansen J, Gundersen HJ. 1980. Renal hypertrophy in experimental diabetes. A morphometric
study. Diabetologia 18: 501 - 505. https://doi.org/10.1007/bf00261707

Sharma G, Ashhar MU, Aeri V, Katare DP. 2019. Development and characterization of late-stage diabetes mellitus
and -associated vascular complications. Life Sci 216: 295 - 304. https://doi.org/10.1016/j.1fs.2018.11.005

Shaterzadeh-Yazdi H, Noorbakhsh MF, Samarghandian S, Farkhondeh T. 2018. An overview on renoprotective
effects of thymoquinone. Kidney Dis 4: 74 - 82. https://doi.org/10.1159/000486829

Shi CX, Zhao MX, Shu XD, Xiong XQ, Wang JJ, Gao XY, Chen Q, Li YH, Kang YM, Zhu GQ. 2016. Peta-
aminoisobutyric acid attenuates hepatic endoplasmic reticulum stress and glucose/lipid metabolic
disturbance in mice with type 2 diabetes. Sci Rep 6: 21924. https://doi.org/10.1038/srep21924

Shoji H, Koletzko B. 2007. Oxidative stress and antioxidant protection in the perinatal period. Curr Opin Clin
Nutr Metab Care 10: 324 - 328. https://doi.org/10.1097/mco0.0b013e3280a94f6d

Skupien J, Warram JH, Smiles AM, Niewczas MA, Gohda T, Pezzolesi MG, Cantarovich D, Stanton R, Krolewski
AS. 2012. The early decline in renal function in patients with type 1 diabetes and proteinuria predicts the
risk of end-stage renal disease. Kidney Int 82: 589 - 597. https://doi.org/10.1038/ki.2012.189

Tanianskii DA, Jarzebska N, Birkenfeld AL, O'Sullivan JF, Rodionov RN. 2019. Beta-aminoisobutyric acid as a
novel regulator of carbohydrate and lipid metabolism. Nutrients 11: 524.
https://doi.org/10.3390/nu11030524

Tolman KG, Fonseca V, Dalpiaz A, Tan MH. 2007. Spectrum of liver disease in type 2 diabetes and management
of patients with diabetes and liver disease. Diabetes Care 30:734 - 743.
https://doi.org/10.2337/dc06-1539

Tziomalos K, Athyros VG. 2015. Diabetic nephropathy: new risk factors and improvements in diagnosis. Rev
Diabet Stud 12: 110 - 118. https://doi.org/10.1900/rds.2015.12.110

Ulubay M, Alkan I, Yurt KK, Kaplan S. 2019. The protective effect of curcumin on the diabetic rat kidney: A
stereological, electron microscopic and immunohistochemical study. Acta Histochem 17: 151486.
https://doi.org/10.1016/j.acthis.2019.151486

Ulu R, Dogukan A, Tuzcu M, Gencoglu H, Ulas M, Ilhan N, Mugbil I, Mohammad RM, Kucuk O, Sahin K. 2012.
Regulation of renal organic anion and cation transporters by thymoquinone in cisplatin induced kidney
injury. Food Chem Toxicol 50: 1675 - 1679. https://doi.org/10.1016/j.fct.2012.02.082

Usta A, Dede S. 2017. The Effect of Thymoquinone on Nuclear Factor Kappa B Levels and oxidative DNA
damage on experimental diabetic rats. Pharmacogn Mag 13: 458 - 461.
https://doi.org/10.4103/pm.pm_134 17

Wang H, Qian J, Zhao X, Xing C, Sun B. 2017. B-Aminoisobutyric acid ameliorates the renal fibrosis in mouse
obstructed kidneys via inhibition of renal fibroblast activation and fibrosis. J Pharmacol Sci 133: 203 -
213. https://doi.org/10.1016/j.jphs.2016.12.005

Xu Y, Osborne BW, Stanton RC. 2005. Diabetes causes inhibition of glucose-6-phosphate dehydrogenase via
activation of PKA, which contributes to oxidative stress in rat kidney cortex. Am J Physiol - Renal

Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas / 313


https://doi.org/10.1016/j.biopha.2017.06.023
https://doi.org/10.1111/jdi.12459
https://doi.org/10.1016/j.bbrc.2019.06.141
https://doi.org/10.1016/0003-2697(68)90092-4
https://doi.org/10.1007/bf00261707
https://doi.org/10.1016/j.lfs.2018.11.005
https://doi.org/10.1159/000486829
https://doi.org/10.1038/srep21924
https://doi.org/10.1097/mco.0b013e3280a94f6d
https://doi.org/10.1038/ki.2012.189
https://doi.org/10.3390/nu11030524
https://doi.org/10.2337/dc06-1539
https://doi.org/10.1900/rds.2015.12.110
https://doi.org/10.1016/j.acthis.2019.151486
https://doi.org/10.1016/j.fct.2012.02.082
https://doi.org/10.4103/pm.pm_134_17
https://doi.org/10.1016/j.jphs.2016.12.005

Atkas et al. Use of BAIBA and thymoquinone in the treatment of diabetic nephropathy

Physiol 289: 1040 - 1047. https://doi.org/10.1152/ajprenal.00076.2005

Yajing L, Chen M, Xuan H, Fuliang H. 2011. Effects of encapsulated propolis on blood glycemic control, lipid
metabolism, and insulin resistance in type 2 diabetes mellitus rats. Evid Based Complement Alternat
Med 2012: 1 - 8. https://doi.org/10.1155/2012/981896

Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas / 314


https://doi.org/10.1152/ajprenal.00076.2005
https://doi.org/10.1155/2012/981896

