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Abstract
Purpose  The role of BDNF in adipose tissue metabolism is poorly understood. We investigated the effects of decreased 
levels of BDNF on the expression of major adipokines in different fat depots (e.g., subcutaneous and epididymal) of mouse 
groups fed three different diet protocols.
Methods  BDNF heterozygous (+ / −) mice were used to evaluate the effect of reduced BDNF levels. Six groups of C57BL/6 J 
breed wild type (WT) and BDNF (+ / −) mice were formed. These groups were fed, respectively, a control diet (CD), a high-
fat diet (HFD), and a high-sucrose diet (HSD) for 4 months. Serum samples and adipose tissues were used for biochemical 
assays. The serum concentrations and tissue expression levels of leptin, adiponectin, and resistin were measured.
Results  Compared to the CD-fed WT group (control group), serum leptin and leptin expression levels were found to be 
higher in all experimental groups. Serum adiponectin levels were lower in the BDNF (+ / −) groups and HFD-fed WT group 
than in the control group. Epididymal adiponectin expression was found to be lower in the HFD-fed BDNF (+ / −) group and 
higher in HSD-fed groups than in the control group. Compared to the control group, adiponectin expression increased in the 
WT groups in subcutaneous adipose tissue. Serum resistin levels were elevated in the HFD-fed groups. Resistin expression 
in epididymal adipose tissue was lower in the CD-fed and HFD-fed groups than in the control group.
Conclusions  BDNF levels and diet differentially affect the expression of adipokines in different fat tissues in the body. BDNF 
may play a protective role in obesity and diabetes.

Keywords  Brain-derived neurotrophic factor (BDNF) · Epididymal adipose tissue · High-sucrose diet · High-fat diet · 
Subcutaneous adipose tissue

Abbreviations
BDNF	� Brain-derived neurotrophic factor
WT	� Wild type
CD	� Control diet
HFD	� High-fat diet

HSD	� High-sucrose diet
ICV	� Intracerebroventricular

Introduction

Brain-derived neurotrophic factor (BDNF) is a neurotrophin 
that plays an important role in the morphological and physi-
ological development of the central nervous system. BDNF 
regulates crucial neuronal functions such as differentiation, 
survival, and synaptic plasticity via binding to its physi-
ological receptor, TrkB [1]. Apart from its neuronal effects, 
BDNF has central and peripheral roles in the regulation of 
food intake, energy expenditure, and the control of glucose 
metabolism [2–4]. Intracerebroventricular (ICV) BDNF 
administration to experimental animals causes suppression 
of food intake and weight loss [5], while hyperphagia, obe-
sity, and diabetes are observed in animals with low BDNF 
expression [6]. Other symptoms of the metabolic syndrome 
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including leptin and insulin resistance, dyslipidemia, and 
hyperglycemia develop in BDNF (+ / −) mice [7].

Adipose tissue is crucial in the regulation of metabolism 
and stores the excess energy as triglycerides and, if neces-
sary, catabolizes triglycerides to fatty acids and glycerol. 
Adipose tissue also secretes adipokines which have various 
biological functions in inflammation, immunity, reproduc-
tion, angiogenesis, fibrinolysis, regulating appetite, coagu-
lation, and insulin sensitivity [8]. Depending on their ana-
tomical location and physiological, cellular, and molecular 
features, white adipose tissue is divided into two sub-types, 
subcutaneous and visceral. Each anatomical depot differs in 
terms of metabolic and secretory profiles. They also have 
different physiological roles [9].

The alteration of lipid metabolism and the secretion of 
adipokines in adipose tissue is critical for the development 
of such diseases as obesity, hyperlipidemia, diabetes, and 
atherosclerosis [10]. Obesity and related metabolic disorders 
have for years been closely associated with the Western-style 
diet, which includes excessive intake of high-fat and high-
sucrose foods [11, 12].

In experimental models of obesity, a high-fat diet induc-
ing obesity proved to be a model that mimicks obesity in 
humans more reliably than genetically engineered obesity 
models [13, 14]. A long-term, high-fat diet, which in the 
above model is frequently used to induce experimental 
obesity, increases circulating insulin, leptin, glucose, and 
triglyceride levels and leads to symptoms similar to those 
observed in human obesity such as insulin resistance, hepatic 
adiposity, visceral fat accumulation, and hyperglycemia. 
Obesity has thus been demonstrated to increase the risk for 
insulin resistance, diabetes, atherosclerosis, dyslipidemia, 
cardiovascular diseases, chronic kidney disease, hyperten-
sion, cancer, reproductive disorders, respiratory disorders, 
inflammatory diseases, joint diseases, metabolic syndrome, 
vascular diseases, and osteoarthritis [15–17].

Adipose tissue is an energy source, but it is in addition, 
an active organ with the ability to secrete cytokines and adi-
pose tissue-derived peptides. It is therefore evident that the 
presence and effects of novel metabolic markers could ben-
eficially be investigated in fat tissue. As they play important 
roles in regulating many metabolic pathways, adipokines 
synthesized from adipose tissue are promising target mol-
ecules for the future treatment of obesity and obesity-related 
diseases that arise with the increase of fat mass. Although 
BDNF and its receptor are synthesized in adipose tissue, 
the role of this signaling pathway has to date been poorly 
investigated. Hence, in this study, to test our hypothesis 
that BDNF may be involved in the metabolism of adipose 
tissue, the largest endocrine organ, and to investigate the 
physiological role of BDNF, we used BDNF (+ / −) mice 
that lack one of the BDNF coding alleles and express less 
BDNF than wild type littermates. In order to mimic dietary 

pathological conditions and induce metabolic alterations, we 
fed experimental groups normal, high-fat, and high-sucrose 
diets. Changes in expression of the main adipokines (lep-
tin, adiponectin, and resistin) with major metabolic effects 
were determined in different fat depots (subcutaneous and 
epididymal).

Materials and methods

Animals and experimental procedures

The study was approved by the Animal Experiments Local 
Ethics Committee of Karadeniz Technical University and 
animals were obtained from Karadeniz Technical University 
Surgical Research and Application Center (CAM), Trabzon, 
Turkey. All animal experiments were carried out in accord-
ance with the European Communities Council Directive of 
24 November, 1986 (86/609/EEC) for experimental animal 
care. A total of 48 wild type (WT) and BDNF (+ / −) male 
mice of the C57BL/6 J breed were used. At the beginning 
of the diet protocol, the mice were 6 weeks old and weighed 
13–15 g. The transgenic mouse model, first established 
by Korte et al. [18], is characterized by lacking one of the 
BDNF coding alleles.

Six experimental groups were formed from the genotyped 
mice. The mice were individually placed in a specially ven-
tilated caging system (RAIR IsoSystem, Delawera, USA). 
Each group consisted of 8 mice. Specifically, the mice were 
fed a HFD (D12492), HSD (D12450B), and CD (D12550J). 
Two groups (WT and BDNF (+ / −)) were fed a control diet, 
the two groups (WT and BDNF (+ / −)) were fed a high-fat 
diet, and the other two groups (WT and BDNF (+ / −)) were 
fed a high-sucrose diet. The diets were purchased from the 
Research Diet (Research Diets Inc, New Brunswick, NJ, 
USA): the composition of the experimental diets were pre-
sented in Supplementary Table 1. The CD-fed BDNF WT 
group was evaluated as the control group. The animals were 
given ad libitum access to food and water. The experimen-
tal period lasted 16 weeks. Following the diet period, all 
mice were decapitated. Serum samples were separated and 
stored at − 80 °C in a deep freezer. Total RNA isolation was 
performed in tissue specimens taken from subcutaneous and 
epididymal adipose tissues. Total RNAs were immediately 
converted to cDNA.

Assays

Fasting glucose and triglyceride parameters in serum were 
measured using commercial kits in the AU 5800 Beckman 
Coulter auto-analyzer. Levels of insulin (Crystal Chem Inc. 
16MAUM1388), BDNF (Abnova, 381238504), leptin (R&D 
Systems, 338346), adiponectin (R&D Systems, 340850), and 
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resistin (R&D Systems, 336359) in serum samples were 
determined byusing enzyme-linked immunosorbent assay 
(ELISA) kits as recommended by the manufacturer.

Total RNA isolation from epididymal 
and subcutaneous adipose tissues

RNA isolation in subcutaneous and epididymal adipose tis-
sues was performed by combining Roche Tripure Isolation 
Reagent (Cat No:11 667 165 001) and SIGMA Mammalian 
Total RNA Miniprep Kit (lot: SLBM3520V) [19].

The Nanodrop ND-2000 device was used to measure the 
concentrations and purity of the obtained total RNAs for 
quality check and quantitation. The Roche Transcriptor First 
Strand cDNA Synthesis Kit (Cat No: 04 896 866 001, lot: 
10842322) was used for cDNA synthesis.

Quantitative real‑time PCR

Real-time ready catalog assays, which are short FAM-labeled 
hydrolysis probes containing locked nucleic acid, were used 
to quanitfy RT-PCR reactions. Expression levels of beta 
actin, leptin, adiponectin, and resistin were determined 
using relative quantitative RT-PCR with a Light Cycler 480 
II system (Roche Diagnostics GmbH, Mannheim, Germany) 
according to the manufacturer’s instructions. The primers 
used in the study for beta actin, leptin, adiponectin, and resis-
tin are shown in Supplementary Table 2. To quantitate the 
results obtained by RT-PCR, the 2−ΔΔCp method was used.

Statistical analysis

The test results were analyzed on SPSS (Statistical Package 
for the Social and Sciences) version 23.0 statistical software. 
The Mann–Whitney U-test was performed to test the signifi-
cance of pairwase differences using Bonferroni correction 

to adjust for multiple comparision. Analysis results were 
expressed as median and interquartile range (MED-IQR). 
An overall p-value of less than 0.05 was considered to show 
a statistically significant result.

Results

Body weight

The changes in the average weights of the groups were 
monitored during the 4-months feeding period. At the end 
of the feeding period, the final weights of the CD-fed BDNF 
(+ / −), HFD-fed WT and BDNF (+ / −), HSD-fed WT and 
BDNF (+ / −) groups were significantly higher than those of 
control group (p < 0.001) (Table 1).

Serum metabolic measurements

Table 1 depicts the median-IQR of fasting glucose, triglyceride, 
insulin, HOMA-IR results, and leptin/adiponectin ratio in serum 
and body weights of groups before and after the feeding period.

Fasting glucose values were higher in the heterozygous 
groups (CD-fed BDNF (+ / −), HFD-fed BDNF(+ / −), 
HSD-fed BDNF(+ / −)) than those in the control group 
(p = 0.005, p = 0.001, and p = 0.022, respectively). Serum 
triglycerides were significantly increased in the HFD-
fed groups (p = 0.004). Serum insulin levels were higher 
in the CD-fed BDNF(+ / −), HFD-fed WT, HFD-fed 
BDNF(+ / −), HSD-fed WT and HSD-fed BDNF(+ / −) 
groups (p = 0.001, p = 0.009, p = 0.001, p = 0.002, and 
p < 0.001, respectively). HOMA-IR values were higher in 
the heterozygous groups and the HFD-fed WT group than 
in the control group (p = 0.011, p = 0.001, p = 0.001, and 
p < 0.001, respectively) (Table 1).

Table 1   Body weights, glucose, triglyceride, insulin levels, HOMA-IR scores, and leptin/adiponectin ratio of experimental groups

* HOMA-IR = [insulin (µU/mL) × fasting glucose (mmol/L)] / 22.5[20]
a significantly different from the control group. bvalues differ significantly from the HFD-fed WT group. cvalues differ significantly from the 
HSD-fed WT group. dsignificantly different from the HSD-fed WT group. A nonparametric test was used (Mann–Whitney U-test). A p-value 
of < 0.05 was considered significant. Values are median (IQR)

Diet type Control diet High-fat diet High-sucrose diet

Genotype Wild type BDNF (+ / −) Wild type BDNF (+ / −) Wild type BDNF(+ / −)

Initial body weight (g) 15.9 (1.75) 16.6 (3.1) 17.5 (1.1) 16.0 (2.3) 16.5 (2.2) 16.6 (2.1)
Final body weight (g) 25.7 (2.28) 32.8 (7.7)a 34.3 (7.9)a 49.4 (7.7)a,b 28.0 (2.7)a 33.1 (2.4)a,c

Glucose (mg/dL) 130.0 (77.5) 170 (45.0)a 160.0 (40.0) 235.0 (87.5)a,b 155.0 (62.5) 210.0 (60.0)a,c

Triglyceride (mg/dL) 90.0 (17.5) 95.0 (27.5) 110.0 (30.0)a 111.8 (27.5)a 80.0 (27.5) 80.8 (10.0)
Insulin (ng/mL) 3.8 (3.7) 6.3 (8.8)a 6.3 (11.9)a 45.4 (18.3)a,b 5.6 (7.9)a 18.4 (8.1)a,c

HOMA-IR 53.9 (45.2) 79.9 (63.6)a 166.8 (65.0)a 253.5 (424.7)a 34.1 (46.0) 153.5 (230.0)a,c

Leptin/adiponectin 0.84 (0.7) 3.2 (2.8)a 4.3 (2.9)a 13.2 (4.8)a,b,c 1.3 (1.1)b 3.8 (2.6)a,d
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Circulating BDNF concentrations

Compared to the CD-fed WT group (131.7–30.6 pg/mL), 
the BDNF values of the CD-fed BDNF (+ / −) group 
(93.8–49.8 pg/mL, p = 0.002), HFD-fed BDNF (+ / −) group 
(98.3–24.4 pg/mL, p = 0.001), and HSD-fed BDNF (+ / −) 
group (94.7–30.4 pg/mL, p = 0.001) were lower (Supple-
mentary Fig. 1).

Circulating leptin, adiponectin, and resistin 
concentrations and gene expression levels

Compared to the CD-WT group (5.9–5.8 ng/mL) leptin 
values of the CD-fed BDNF (+ / −) (25.1–15.9 ng/mL), 
HFD-fed WT (28.6–19.5 ng/mL), HFD-fed BDNF (+ / −) 
(68.2–38.4 ng/mL), HSD-fed WT (9.7–5.8 ng/mL), and 
HSD-fed BDNF (+ / −) (23.6–12.2 ng/mL) groups were 
higher (p < 0.001, Fig. 1A). Leptin expression of epididy-
mal adipose tissue was higher in the CD-fed BDNF (+ / −) 
(5.0–8.7, p = 0.005), HFD-fed WT (7.0–4.3, p < 0.001), 
HFD-fed BDNF (+ / −) (5.4–4.0, p < 0.001), HSD-fed WT 

(3.0–2.1, p < 0.001), and HSD-fed BDNF (+ / −) (6.4–9.3, 
p < 0.001) groups than in the control group (1.0–0). Lep-
tin expression levels in subcutaneous adipose tissue were 
significantly higher in the CD-fed BDNF (+ / −) (8.7–12.8, 
p < 0.001), HFD-fed WT (15.8–13.9, p < 0.001), HFD-fed 
BDNF (+ / −) (21.7–20.9, p < 0.001), HSD-fed WT (3.4–4.9, 
p = 0.002), and HSD-fed BDNF (+ / −) (7.2–9.3, p < 0.001) 
groups compared to those of the control group (1.0–0) 
(Fig. 1B).

Compared to serum adiponectin values of the control 
group (7.0–1.7 µg/mL), CD-fed BDNF (+ / −) (6.1–1.3 µg/
mL, p = 0.042), HFD-fed WT (6.1–1.1 µg/mL, p = 0.04), 
HFD-fed BDNF (+ / −) (5.6–0.4 µg/mL, p = 0.001), and 
HSD-fed BDNF (+ / −) (5.8–0.8 µg/mL, p = 0.008) groups 
were lower (Fig. 2A). Adiponectin expression of epididy-
mal adipose tissue was lower in the HFD-fed BDNF (+ / −) 
(0.33–0.4, p < 0.001) group, higher in the HSD-fed WT 
(1.5–0.7, p = 0.012), and HSD-fed BDNF (+ / −) (1.5–1.2, 
p < 0.001) groups than in the control group (1.0–0). Adi-
ponectin expression of subcutaneous adipose tissue was 
higher in the HSD-fed WT (1.4–0.5, p < 0.001), and 

Fig. 1   A Leptin levels in serum 
samples. (a) significantly 
different from the control 
group (CD-fed WT group). (b) 
significantly different from the 
CD-fed BDNF (+ / −) group 
(p < 0.001). (c) significantly 
different from the HFD-fed WT 
group (p = 0.001). (d) signifi-
cantly different from the HSD 
WT group (p < 0.001). B Leptin 
expression of epididimal and 
subcutaneous adipose tissues. 
(a) significantly different from 
the control group (p < 0.001). 
(b) significantly different from 
the CD-fed BDNF (+ / −) group 
(p = 0.01). (c) significantly 
different from the HFD-fed WT 
group (p = 0.004, p = 0.001, 
respectively). (d) significantly 
different from the HSD-fed WT 
group (p = 0.001, p = 0.013, 
respectively). Statistical analysis 
between groups was evalu-
ated using the Mann–Whitney 
U-test. p value of < 0.05 was 
considered significant

0

10

20

30

40

50

60

70

80

90

CD WT CD BDNF
(+/-)

HFD WT HFD BDNF
(+/-)

HSD WT HSD BDNF
(+/-)

Le
pt

in
 (n

g/
m

L)

0

5

10

15

20

25

30

35

40

CD WT CD
BDNF
(+/-)

HFD
WT

HFD
BDNF
(+/-)

HSD
WT

HSD
BDNF
(+/-)

CD WT CD
BDNF
(+/-)

HFD
WT

HFD
BDNF
(+/-)

HSD
WT

HSD
BDNF
(+/-)

noisserpxe
nitpelfo

egnahc
dloF

Epididymal  adipose tissue                                      Subcutaneous  adipose tissue

a,c

a

a,d
a

a,b

a

a,c

A

a a

a,b,c

B

a,b

a,d

a

a

a,d

298 Hormones (2022) 21:295–303



1 3

HFD-fed WT (1.2–0.6, p = 0.001) groups than in the control 
group (1.0–0) (Fig. 2B).

The leptin/adiponectin ratio was higher in the CD-fed 
BDNF (+ / −) (3.2–2.8), HFD-fed WT (4.3–2.9), HFD-
fed BDNF (+ / −) (13.2–4.8), and HSD-fed BDNF (+ / −) 
(3.8–2.6) groups than in the control group (0.85–0.7) 
(p = 0.001) (Table 1).

Resistin levels of HFD-fed WT (17.5–3.8  ng/mL, 
p = 0.042), and HFD-fed BDNF (+ / −) (17.2–7.3 ng/mL, 
p = 0.023) groups were significantly higher compared to 
those of the control group (14.0–3.7 ng/mL) (Fig. 3A). 
Resistin expression of the epididymal adipose tissue was 
significantly lower in the CD-fed BDNF (+ / −) (0.8–0.4, 
p = 0.005), HFD-fed WT (0.7–0.6, p = 0.001), and HFD-
fed BDNF (+ / −) (0.09–0.2, p < 0.001) groups than in the 
control group (1.0–0). Resistin expression of subcutaneous 
adipose tissue was significantly lower in HFD-fed (+ / −) 
(0.7–0.8, p = 0.034) group than in the control group (1.0–0) 
(Fig. 3B).

Discussion

BDNF has critical roles in energy metabolism and feeding 
behavior. While its roles in the central nervous system are 
well-defined, the regulatory roles of BDNF in peripheral 
tissues (adipose tissue metabolism) are as yet poorly under-
stood. This study was designed to demonstrate the effects of 
decreased BDNF concentration on adipose tissue function 
with different types of diets. Following a control, high-fat 
and high-sucrose diet protocol, the major adipokines and 
metabolic markers were measured in WT and BDNF het-
erozygous mice. Based on the findings of the present study, 
we can suggest that BDNF may have a protective effect 
against the serious health consequences of obesity and dia-
betes, the action of BDNF being associated with adipokine 
synthesis in adipose tissue.

Serum leptin levels of all the experimental groups were 
higher compared to those of the control group (Fig. 1A). 
Leptin plays key roles in nutrient intake, energy expenditure, 

Fig. 2   A Adiponectin levels in 
serum samples. (a) significantly 
different from the control group. 
(b) significantly different from 
the CD-fed BDNF (+ / −) group 
(p = 0.043). (c) significantly 
different from the HFD-fed WT 
group (p = 0.045). B Adiponec-
tin expression of epididimal 
and subcutaneous adipose 
tissues. (a) significantly differ-
ent from the control group. (b) 
significantly different from the 
CD-fed BDNF (+ / −) group 
(p < 0.001,). (c) significantly 
different from the HFD-fed WT 
group (p < 0.001, p = 0.005, 
p = 0.013, respectively). 
Statistical analysis between 
groups was evaluated using 
the Mann–Whitney U-test. p 
value of < 0.05 was considered 
significant
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and regulation of growth. Notably, while leptin levels are 
decreased in fasting, they are increased with food intake 
and in obesity. In a study in which Sprague-Dawley rats 
were fed either a standard laboratory chow diet (3% fat) 
or a HFD (60% fat) for 2 or 5 weeks, plasma leptin levels 
were significantly increased in rats fed the HFD compared 
with those of the chow-fed animals [21]. Kernie et al. [22] 
found that serum leptin levels were significantly higher in 
the BDNF heterozygous mice than in the WT mice. Parallel 
to this study, another observed a 15-fold increase in serum 
leptin levels was found in mutant mice, which was induced 
by deletion of BDNF in the postnatal brain [23]. Consistent 
with serum leptin levels, the leptin expression was found to 
be increased in epididymal and subcutaneous adipose tis-
sues (Fig. 1B). Leptin enhances BDNF synthesis in some 
regions of the hypothalamus [24]. While leptin enhances 
hypothalamic BDNF, it reduces the production of leptin 
in adipocytes via the sympathetic-beta adrenergic signal-
ing of BDNF and the hypothalamic–pituitary–adrenal axis 
(HPA) [25]. Wang et al. demonstrated that leptin increased 
sympathetic innervation in adipose tissues (iWAT and BAT) 

through an increase in BDNF synthesis in the paraventricu-
lar nucleus in the hypothalamus [26]. An enriched environ-
ment known to increase BDNF hypothalamic expression 
results in the suppression of leptin expression and oscilla-
tion by leading to activation of sympathetic innervation of 
white adipose tissue, which then suppresses the expression 
and secretion of leptin via β-adrenergic receptors. Consistent 
with leptin changes observed in serum, leptin expression of 
mice living in an enriched environment decreases by about 
50% in white adipose tissue [27]. Thus, decreased BDNF 
values in BDNF heterozygous mice are likely to lead to an 
increase of leptin synthesis in adipose tissues.

Adiponectin, an adipokine that increases fatty acid oxi-
dation and insulin sensitivity, has anti-atherogenic and 
anti-inflammatory properties. It increases the beta oxida-
tion of free fatty acids in the skeletal muscle and enhances 
the inhibition of hepatic gluconeogenesis by insulin [28]. 
Adiponectin serum concentrations are an important indica-
tor of glucose tolerance and metabolic homeostasis [29]. In 
our study, the heterozygous groups and HFD-fed WT dis-
played a significant decrease in serum adiponectin levels 

Fig. 3   A Resistin levels in 
serum samples. (a) significantly 
different from the control group. 
(b) significantly different from 
the CD-fed BDNF (+ / −) group 
(p = 0.025, p = 0.019, respec-
tively). (c) significantly different 
from the HSD-fed WT group 
(p = 0.01). B Resistin expression 
of epididimal and subcutaneous 
adipose tissues. (a) significantly 
different from the control group. 
(b) significantly different from 
the CD-fed BDNF (+ / −) group 
(p < 0.001, p = 0.016, p = 0.02, 
respectively). (c) significantly 
different from the HFD-fed WT 
group (p < 0.001, p = 0.002, 
p = 0.002, respectively). 
Statistical analysis between 
groups was evaluated using 
the Mann–Whitney U-test. p 
value of < 0.05 was considered 
significant
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compared to the control group (Fig. 2A). A similar tendency 
was observed in epididymal adipose tissue expression, the 
decrease reaching significant levels only in HFD-fed BDNF 
(+ / −) mice. Adiponectin expression was increased in sub-
cutaneous adipose tissue of the WT groups and in epididy-
mal adipose tissue of the HSD-fed groups (Fig. 2B).

Mazzoli et al. showed that a Western diet led to reduction 
of adiponectin in epididymal adipose tissue, the hippocam-
pus, and the frontal cortex. In addition, when BDNF levels 
were measured in the hippocampus and frontal cortex, a sig-
nificant decrease was observed depending on the diet [12]. 
In a study investigating the efficacy of BDNF for diabetes 
and obesity, BDNF gene transfer was shown to significantly 
increase the expression of adiponectin, which exerts a potent 
insulin-sentizing effect [30]. Decreasing levels of BDNF in 
heterozygous mice may be the main cause of this decrease 
in adiponectin levels. In addition, adiponectin expression 
is inhibited by such factors as proinflammatory cytokines, 
hypoxia, and oxidative stress increase due to weight gain 
[31, 32]. In our study, in the HSD-fed groups, the adiponec-
tin expression-serum discrepancy may have arisen due to 
post-transcriptional modifications.

Leptin and adiponectin have adverse effects on inflam-
mation and insulin resistance. Leptin stimulates insulin 
resistance as well as proinflammatory cytokines related to 
type 2 diabetes, such as tumor necrosis factor-α and interleu-
kin-6. On the other hand, adiponectin has anti-inflammatory 
properties and suppresses the expression and secretion of a 
number of proinflammatory immune regulators. The leptin/
adiponectin ratio is strongly associated with insulin resist-
ance and inflammation [33, 34]. In our study, the leptin/
adiponectin ratio was significantly increased in the heterozy-
gous groups and HFD-fed WT group compared to the con-
trol group (Table 1). The higher levels of leptin/adiponectin 
in the HFD-fed BDNF (+ / −) group may be an indicator of 
increased inflammation and this may be the reason for the 
observed low adiponectin levels.

Serum resistin levels were found to be significantly 
higher in the HFD-fed groups than in the control group 
(Fig. 3A). In general, in rodents, high resistin levels are 
associated with glucose intolerance, decreased insulin sen-
sitivity, hyperglycemia, increased free fatty acids, obesity, 
and diabetes, whereas in humans, high resistin levels are 
associated with atherosclerosis and cardiometabolic dis-
ease [35]. There are some studies demonstrating that a 
HFD increases the levels of resistin in circulation in vari-
ous animal models [36, 37]. Regarding the BDNF effect, 
no change in serum resistin levels of the HSD-fed WT 
and the CD-fed and HSD-fed BDNF (+ / −) groups were 
observed, while serum resistin levels of HFD-fed WT and 
BDNF (+ / −) mice were found to be very similar. These 
results indicate that serum resistin levels were affected 
by diet rather than by BDNF deficiency. In epididymal 

adipose tissue, expression levels of resistin, which has a 
higher synthesis in visceral adipose tissue, decreased sig-
nificantly in the HFD-fed and CD-fed BDNF(+ / −) groups 
compared to the control group (Fig. 3B).

In this study, an inverse relationship was found between 
levels of resistin in circulation and expression of resistin in 
adipose tissue. The correlation between resistin gene expres-
sion in adipose tissue with BMI or insulin resistance bio-
markers has not yet been elucidated. In many studies, while 
circulating levels of resistin increased with lipoidosis in 
genetic and diet-induced obese mouse models, mRNA lev-
els have been found to be suppressed in adipose tissue [38, 
39]. Similarly to the results of our study, mRNA expression 
of resistin in the epididymal adipose tissue of C57BL/6 J 
mice fed diets with different amounts of fat (i.e., low-fat 10% 
and high-fat 45%) was suppressed as the fat ratio increased, 
while serum resistin levels were significantly increased [40]. 
Furthermore, resistin mRNA levels were decreased by the 
addition of insulin to 3T3-L1 cells [41]. In the present study, 
it is likely that increasing insulin levels also contributed to 
decreasing resistin expression. These factors may suppress 
resistin expression after reaching a certain level. Therefore, 
resistin expression of HSD-fed groups may be high.

Conclusion

The results of this study showed that diet is able to differ-
entially regulate the expression of adipokines in fat tissues 
depending on the location of adipose tissue in the body. 
Furthermore, their synthesis and secretion may be related 
to BDNF concentration. BDNF deficiency may be associ-
ated with various metabolic diseases, especially diabetes and 
obesity. Our data also suggest that BDNF may have a protec-
tive role against pathological symptoms associated with obe-
sity via mechanisms involving the synthesis of adipokines.
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