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Abstract

Background: Overweight and obesity have become a global epidem-
ic that presents a risk to health. Serotonin is involved in the regulation 
of many important functions of the body as in the periphery (as a 
hormone), as well as in the central nervous system as a neurotrans-
mitter, which can be involved in central mechanisms that control food 
intake. The present work aimed to study the features of serotonin me-
tabolism functioning under the effect of the kidney beans (Phaseolus 
vulgaris) pods extract in experimental obesity, which was induced by 
the consumption of high-calorie diet. Phaseolus vulgaris is the plant 
that possesses plenty of curative and therapeutic properties in particu-
lar for the treatment of diabetes mellitus, obesity, and cardiovascular 
diseases. It has been known that plant extracts, unlike synthetic drugs, 
can be used practically without toxic effects.

Methods: Experiments were carried out on four groups of white non-
linear male rats (10 rats per group) during a 10-week period. Studies 
of the serotonergic system functioning were performed using ion-ex-
change chromatography, spectrofluorimetric and spectrophotometric 
methods.

Results: The consumption of kidney beans (Phaseolus vulgaris) pods 
extract has a therapeutic effect on the obesity development in rats, as 
evidenced by changes in the functioning of the central and peripheral 
serotonergic systems. Tryptophan and serotonin levels have increased 
in duodenum mucosa compared to the obese rats, also had shown 
an increase of the serotonin synthesis enzymes activity (tryptophan 
hydroxylase and tryptophan decarboxylase) and a simultaneous de-

crease in the activity of monoamine oxidase. Central tryptophan and 
serotonin levels, as well as the activity of enzymes of the serotonin 
synthesis have increased compared to the obese rats while a simulta-
neous decrease in the activity of monoamine oxidase was observed.

Conclusions: The obtained results indicated a therapeutic effect of 
the kidney beans (Phaseolus vulgaris) pods extract on the dysfunc-
tion of the serotonergic system under obesity development.

Keywords: Obesity; High-calorie diet; Serotonergic system; Kidney 
beans Phaseolus vulgaris pods extract

Introduction

It is generally recognized that overweight and obesity have 
reached epidemic proportions. The proof lies in the fact that 
there are over 1 billion overweight adults throughout the world 
according to many sources including the World Health Or-
ganization (WHO) [1]. The main reason for the development 
of obesity is the energy imbalance between the excess energy 
input into the body from food and its consumption. Energy bal-
ance maintaining requires regulation of many behavioral and 
physiological processes. These processes are under the con-
trol of a number of nerve systems, of which serotonin plays 
a significant role in the functioning. Serotonin (5-hydroxy-
tryptamine (5-HT)) is a biologically active monoamine. This 
derivative of an essential amino acid tryptophan is involved in 
the regulation of a number of important functions of the body 
as in the periphery, as well as in the central nervous system. In 
the periphery 5-HT is synthesized by enterochromaffin (EC) 
cells of the gastrointestinal tract and functions as a hormone. In 
the central nervous system 5-HT is synthesized by serotoner-
gic neurons of the brain stem and serves as a neurotransmitter 
associated with mood, behavior, sleep cycles, and appetite [2]. 
It is known that serotonin cannot pass through the blood-brain 
barrier so its peripheral and neuronal systems are separated 
from each other and work separately [3].

Synthesis of 5-HT takes place in two stages, under the in-
fluence of two separate enzymatic systems [4]. The first stage 
of the synthesis is the transformation of tryptophan into the 
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immediate precursor of serotonin (5-hydroxytryptophan) by 
hydroxylation in the fifth position of the inertial ring. This pro-
cess takes place with the fast-limiting enzyme tryptophan hy-
droxylase (TrG) in the presence of a molecular oxygen, Fe2+, 
and cofactor tetrahydrobiopterin (BH4) [5]. The second stage 
of the serotonin synthesis is the decarboxylation reaction by 
the decarboxylase enzyme of aromatic L-amino acids. Tryp-
tophan decarboxylase (TrD) is present in many neurons of the 
brain, and in addition to the synthesis of serotonin, takes part 
in the synthesis of adrenaline, noradrenaline and dopamine [6]. 
Serotonin is synthesized not only in the body of the neuron 
but also in its axons. Most of the serotonin accumulated in 
the presynaptic vesicles by vesicular monoamine transporter 
(VМАТ2). This membrane protein has a high affinity for sero-
tonin, but it protects 5-HT from intracellular catabolism [7]. 
The serotonergic system is an important link in the regulation 
of energy balance, and impaired of its functioning may be one 
of the main factors in the obesity development and concomi-
tant insulin resistance.

Strategies to lose body fat typically involve a combination 
of dietary changes limiting caloric intake, physical activity, be-
havioral therapy, pharmacotherapy, and in extreme cases, sur-
gery [8]. Since many prefer a natural approach using dietary 
means to reverse fat accumulation, the availability and popu-
larity of new dietary regimens and natural dietary supplements 
have risen dramatically in recent years [9]. Phaseolus vulgaris 
is the plant that possesses plenty of curative and therapeutic 
properties that are extensively used in traditional medicine for 
the treatment of diabetes mellitus, obesity and cardiovascular 
diseases [10-12]. It has been reported having anti-obesity ef-
fects in many studies. For example, the consumption of com-
mon beans on mice decreased body weight through a reduction 
of plasma leptin concentrations [12]. Also, it has been reported 
that treatments with a standardized Phaseolus vulgaris dry ex-
tracts resulted in dose-dependent decreases in daily food intake 
and body weight [13]. However, in order to understand more 
about the therapeutic values of this plant in the prevention and 
treatment of obesity, further investigations are necessary. The 
purpose of the given study was to study the effect of the aque-
ous extract from Phaseolus vulgaris pods on the functioning 
of the central and peripheral serotonergic system in rats under 
obesity development.

Materials and Methods

In vivo experimental procedures

Ethics approval was obtained from the ethics commission of 
the Taras Shevchenko National University of Kyiv. Our re-
search was conducted in compliance with the standards of the 
Convention of Bioethics of the Council of Europe in 1997, 
European Convention for the protection of vertebrate animals 
that used for experimental and other scientific purposes, the 
general ethical principles of animal experiments approved by 
the First National Congress of Bioethics of Ukraine and other 
international agreements and national legislation in this field. 
White nonlinear male rats with initial weighing of 195 - 205 g 

were used in 10-week experiment.
The experiment was carried out at the temperature of 22 

± 3 °C, humidity 60±5%, and light (12 h light/12 h dark) cy-
cle. During the first week of the experiment, all of the animals 
were fed with standard food and water ad libitum. After that, 
the animals were randomly divided into four groups (10 rats 
per group).

The rats of group 1 (control) were fed with standard food 
during all 10 weeks. The second group (control + Ex) were 
receiving the standard food and the aqueous extract of Phaseo-
lus vulgaris. The rats of group 3 (HCD) were on a high-calorie 
diet (38.8% fat, 15.5% protein and 45.7% of carbohydrate, 
28.71 kJ/g), which consisted of a standard meal (60%), pork 
fat (10%), eggs (10%), sugar (9%), peanuts (5%), dry milk 
(5%), and sunflower oil (1%) [14], and drank water ad libitum 
for the experimental period. The rats of group 4 (HCD + Ex) 
were also on a high-calorie diet and water ad libitum, and after 
4 weeks of the experiment, they started to receive the aque-
ous extract of Phaseolus vulgaris (200 mg/kg). One day all the 
rats received the water extract (with free access) and another 
day they drank water ad libitum. Food and water consump-
tion were measured daily at the same time (9:00 am to 10:00 
am). Body weights were determined once a week. At the end 
of the experiment (10 weeks) animals were fasted overnight 
and sacrificed.

Samples preparation

The blood samples were incubated at 37 °C at least 30 min. 
After that rats’ blood serum was prepared by centrifugation at 
1,000 g for 30 min and stored at -20 °C until it was used.

Brain were removed and weighed. Then they were ho-
mogenized in 0.4 M perchloric acid at the rate of 5 mL buffer 
per half of the brain. Samples were centrifuged at 0 °C for 5 
min at 800 × g after 60 min of incubation (4 °C). The superna-
tant was collected and the pH was adjusted to 5 - 6 using 2 M 
KOH. Then the samples were centrifuged for 5 min at 800 × g 
at a temperature of 0 °C. The resulting supernatant was used in 
tryptophan and serotonin measurement.

The duodenum was removed from the body of rats by the 
dissection of the peritoneum and washed in a petri dish in 0.9% 
sodium chloride solution. The duodenum mucosa samples 
were prepared by mechanical separation by a scalpel and ho-
mogenization using a glass homogenizer in 10 mM Tris-HCl 
buffer, pH 7.4, which was labeled with 1 mM ethylenediamine 
tetraacetic acid (EDTA) and 0.25 M sucrose in a ratio of 1:10 
(tissue: buffer). After that the samples were centrifuged for 10 
min at 1,500 g. The supernatants were frozen at -20 °C until 
further use [15].

Preparation of the aqueous kidney beans (Phaseolus vul-
garis) pods extract

The aqueous kidney beans (Phaseolus vulgaris) pods extract 
were prepared according to the next method [16]. In our ex-
periment we have used freshly prepared aqueous solutions of 
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dry kidney beans (Phaseolus vulgaris) pods extract in the con-
centration of 200 mg/kg.

Biochemical analysis

Serotonin and tryptophan content in the rats brain, duodenum 
mucosa and blood serum

The tryptophan and serotonin content was determined using 
ion-exchange chromatography and fluorescence methods [17].

The resulting supernatant was applied to the column of 
CM-Sepharose (pre-equilibrated 0.01 M Na-phosphate buffer, 
pH 6.2). Elution was carried with 0.03 M sodium phosphate 
buffer, pH 6.2. After that, 0.3 mL of 11.6 M HCl was added to 
1 mL fraction of serotonin. The serotonin measurements were 
performed on the Shimadzu spectrophotofluorometer at an 
excitation wavelength of 295 nm and emission wavelength of 
550 nm against a blank sample that contained distilled water 
instead of the test sample.

Then elution was carried out with 0.01 M sodium phos-
phate buffer, pH 6.2. To 0.5 mL fraction of tryptophan was 
added 0.5 mL of a dithiothreitol mixture: ethanol (1 mg dithi-
othreitol/1 mL of ethanol) and 0.5 mL of ninhydrin reagent 
(ninhydrin dissolved in a solution of 17.4 M acetic acid and 3 
M phosphoric acid in the ratio 3:2). Samples were placed in a 
boiling water bath for 25 min and then cooled under running 
water. The tryptophan measurements were performed on the 
spectrophotofluorometer at an excitation wavelength of 359 
nm and emission wavelength of 485 nm against the blank sam-
ple that contained distilled water instead of the test sample.

Tryptophan hydroxylase activity in the rats brain and duode-
num mucosa

The homogenates were thawed at room temperature and cen-
trifugated at 12,000g for 30 min. To the 0.02 mL of sample was 
added reaction mixture contained the 500 mM Tris-acetate pH 
7.4; 4 mM L-tryptophan; 20 mM dithiothreitol; 1 mM CaCl2; 
0.05 mg of catalase. After 15 min of incubation at 37 °C, the 
reaction was stopped by the addition of 0.01 mL of 6 M per-
chloric acid. The mixture was centrifuged at 3,000 g for 5 min 
(4 - 8 °C). To the 0.16 mL of supernatant fraction was added 
0.4 mL of 8 M hydrochloric acid. The amount of product, 
5-hydroxytryptophan, was measured fluorometrically with a 
Shimadzu spectrophotofluorometer (excitation 295 nm, emis-
sion 540 nm) against the blank sample that contained distilled 
water instead of the test sample [14].

5-hydroxytryptophan content in the rats brain and duodenum 
mucosa

The 5-hydroxytryptophan content in the brain was determined 
using the fluorescence method described previously [14]. The 
resulting supernatant was added to the 1 N perchloric acid 
(1:5) and stirred vigorously for 5 min. Samples were centri-

fuged at 2,000 g for 30 min (4 °C). The resulting superna-
tant was collected and adjusted to pH 9.5 - 10.5 with the 5 
M NaOH solution. Then 2.5 mL of n-heptane saturated with 
NaCl was added, and intensively stirred for 15 min. For phase 
separation a sample was centrifuged for 3 min at 500 g (4 °C). 
The aqueous phase (1 mL) was collected, and 0.3 mL of 11.6 
M HCl was added. Measurements were performed on a Shi-
madzu spectrophotofluorometer (excitation 295 nm, emission 
545 nm) against the blank sample that contained distilled water 
instead of the test sample.

Tryptophan-decarboxylase activity in the rats brain and duo-
denum mucosa

Determination of tryptophan-decarboxylase activity was car-
ried out by the spectrofluorimetric method described previ-
ously [14]. The resulting supernatant was added to the 0.4 M 
perchloric acid (1:5) and kept for 60 min at 4 °C. Then all the 
samples were centrifuged for 5 min at 800 g (4 °C). The pH 
of the supernatant was adjusted to 5 - 6 with 2 M KOH and 
centrifuged for 5 min at 800 g (4 °C). The supernatant (0.1 
mL) was collected and adjusted up to 1 mL by 100 mM Tris-
HCl buffer, pH 8.0, containing 5 mM β-mercaptoethanol, 10% 
glycerol. After that 2 mL of 4 mM NaOH and 5 mL of ethyl 
acetate were added and samples were mixed on a shaker for 60 
s. For phase separation samples were centrifuged for 5 min at 
250 g. The determination of tryptophan-decarboxylase activ-
ity was performed in the organic phase. Measurements were 
performed on a Shimadzu spectrophotofluorometer (excitation 
280 nm, emission 340 nm).

Monoamine oxidase activity in the rats brain and duodenum 
mucosa

The resulting supernatant was added to the 0.5 M phosphate 
buffer pH 7.4 (1:5) and centrifugated at 800 g during 20 min (5 
°C). The incubation mixture contained the kynuramine dihyd-
robromide (100 µg), 0.5 M phosphate buffer pH 7.4 (0.5 mL), 
homogenate (equivalent to 3.13 mg brain), and de-ionized 
water to a final volume of 3 mL. The reaction mixtures were 
incubated at 37 °C for 30 min with shaking. After that to the 
samples was added 0.6 M perchloric acid followed by centrifu-
gation at 900 g for 10 min (5 °C). The supernatant (1 mL) was 
mixed with 2 mL of 1 N NaOH and placed in a quartz cuvette. 
Measurements were performed on a Shimadzu spectrophoto-
fluorometer (excitation 315 nm, emission 380 nm) [14].

Monoamine oxidase activity in the rats blood serum

The incubation mixture contained 2 mL of the distillate water, 
0.5 mL of 0.2 M phosphate buffer pH 7.4 and 0.1 mL of 1% 
bensolamine hydrohloride. The reaction mixtures were incu-
bated at 37 °C for 180 min. After 5 - 7 min 22.5% trichloro-
acetic acid was added to the samples with the followed centrif-
ugation at 800 g for 5 min. The supernatant was mixed with 0.5 
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mL of 1% dinitrophenylhydrazine and left at room temperature 
in the dark. Then the samples were centrifugated at 800 g for 
25 min. To the siege it was added 1 - 2 drops of the 2 N NaOH 
and visualized the brown color. After 2 min 1 mL of the distil-
late water and 1 mL of the concentrated ethyl alcohol were 
added. Measurements were performed on a Shimadzu spectro-
photometer at 460 nm against the blank sample that contained 
distilled water [14].

Histochemical analysis for serotonin detection

Formaldehyde-induced fluorescence was used for the his-
tochemical detection of the serotoninergic neurons (Falck-
Hillarp technique) [18]. This method is based on the produc-
tion of fluorophores upon condensation of the biogenic amines 
with formaldehyde. The technique was partly modified [19]. 
Condensation was carried out in a fixative containing 4% par-
aformaldehyde and 0.5% glutaraldehyde in 0.1 M phosphate 
buffer (FAGLU) [20]. For clearer differentiation of serotonin 
from other biogenic amines, the fixative contained 0.4% potas-
sium hexacyanoferrate (III), pH 10.0 [21]. After fixation, tissue 
blocks were dehydrated and embedded in paraffin according 
to a generally accepted technique with preservation of fluores-
cence [22]. Slices (5-µm thick, included the hypothalamic nu-
clei) were prepared from such blocks. The arcuate hypothalam-
ic nucleus borders were identified according to the stereotaxic 
atlas [23]. Deparaffinized slices were embedded in glycerol 
and analyzed using a fluorescent microscope, Olympus BX51 
(Japan), provided with filters (excitation wavelength, 410 nm; 
absorption wavelength, 525 nm), a digital camera, Olympus 
5050 (Japan), and Olympus DP-Soft 420-480.520 software. 
The number/density of serotonergic neurocytes and of EC cells 
(their number within a 75.000 µm2 test area), and number of 
serotonin-containing vesicles per one neurocyte were measured 
using ImageJ software (National Institutes of Health, USA). 
Histochemical evaluation criteria of serotonin-containing in 
EC cells were scoring as: little-1, mild-2 and marked-3 points.

Statistical analysis

The data of biochemical estimations were reported as mean 

± standard error of the mean (SEM) for each group (n = 10). 
Statistical analyses were performed using analysis of variance 
(ANOVA). The difference between the parameters was consid-
ered statistically significant at P < 0.05.

Results

The organometric parameters of obese rats with or 
without consumption of kidney beans (Phaseolus vulgaris) 
pods extract

The consumption of a high-calorie diet can lead to the obe-
sity development. In Table 1 the higher levels of body weight, 
body mass index (BMI) and index Lee in rats that were on 
a high-calorie diet compared to the intact rats are presented. 
The weight of adipose tissue (subcutaneous and visceral) was 
significantly higher in the HCD group than those in the control 
group. The consumption of kidney beans (Phaseolus vulgaris) 
pods extract (200 mg/kg) suppressed the increase of the body 
weight, BMI, and index Lee of the obese rats. So, these param-
eters were lower in HCD + Ex group of rats compared to the 
HCD group of rats. Table 1 shows significantly lower weight 
values of adipose tissues in rats that contemporaneously con-
sumed the high-calorie diet and kidney beans (Phaseolus vul-
garis) pods extract compared to the HCD group.

The parameters of the central and peripheral serotoner-
gic systems in obese rats with or without consumption of 
kidney beans (Phaseolus vulgaris) pods extract

The level of the tryptophan in duodenum mucosa of the obese 
rats has been increased (1.72 times) compared to the control 
group of rats (1.41 ± 0.29 µg/mg of protein, Fig. 1). In the 
group of rats that were fed with the high-calorie diet and kid-
ney beans (Phaseolus vulgaris) pods extract this parameter 
was 1.63 times higher compared to the HCD group (0.82 ± 
0.20 µg/mg of protein). The research of a key and rate-limiting 
enzyme of serotonin biosynthesis (tryptophan-hydroxylase 
activity) in the duodenum mucosa in obese rats has shown a 
decrease of enzyme activity by 29% in comparison with the 

Table 1.  The Organometric Parameters of Control and HCD-Induced Obese Rats With or Without Consumption of Kidney Beans 
(Phaseolus vulgaris) Pods Extract (Ex)

Control Control + Ex HCD HCD + Ex
Body weight (g) 296.00 ± 14.31 302.00 ± 22.55 404.00 ± 22.10a 336.00 ± 19.10a, b

Body length (cm) 24.00 ± 0.92 24.90 ± 0.75 24.70 ± 0.68 24.60 ± 0.51
BMI (g/cm2) 0.54 ± 0.01 0.58 ± 0.01 0.74 ± 0.02a 0.56 ± 0.02b

Index Lee 2.31 ± 0.04 2.29 ± 0.06 2.54 ± 0.04a 2.39 ± 0.07b

Visceral adipose tissue (g/100 g body weight) 0.58 ± 0.19 0.81 ± 0.21 2.38 ± 0.29a 1.59 ± 0.25a, b

Subcutaneous adipose tissue (g/100 g body weight) 0.53. ± 0.08 0.52 ± 0.13b 0.80 ± 0.10a 0.49 ± 0.09b

aP < 0.05, significant differences compared to the control. bP < 0.05, significant differences compared to HCD-induced obesity. BMI: body mass index; 
HCD: high-calorie diet.
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values of the control group (Fig. 1). The tryptophan-hydroxy-
lase activity in HCD + Ex group of rats has been increased by 
19% compared to the animals that were on high-calorie diet. 
According to the data presented in Figure 1 the duodenum mu-
cosa 5-hydroxytryptophan content was 1.5 times lower in the 
obese rats compared to the control group, and 1.5 times higher 
in HCD + Ex group compared to the animals that ate high-cal-
orie diet. Studies have shown a decrease of the duodenum mu-
cosa tryptophan-decarboxylase activity by 14% in HCD group 
compared to the control rats and increase of this parameter by 
4% in HCD + Ex group compared to the rats that were on high-
calorie diet (Fig. 1). The analysis of the duodenum mucosa 
serotonin level has shown a 2.55-time decrease of this indica-
tor in HCD group compared to the control group (0.97 ± 0.28 
µg/mg of protein). The duodenum mucosa serotonin level in 
HCD + Ex group was 2.51 times higher compared to the obese 
rats (0.38 ± 0.12 µg/mg of protein, Fig. 1). The duodenum mu-
cosa monoamine oxidase (MAO) activity was higher in rats 
that were on high-calorie diet by 126% compared to the intact 
animals. And this indicator was lower in rats that were fed with 
high-calorie diet and kidney beans (Phaseolus vulgaris) pods 
extract by 118% compared to the HCD group (Fig. 1).

Also, our results showed that the blood serum tryptophan 

level has been increased (1.3 times) in the obese rats, and 1.6 
times in rats that were on the high-calorie diet and consumed 
the kidney beans (Phaseolus vulgaris) pods extract compared 
to the control animals (31.9 ± 5.0µg/mL, Fig. 2). The blood 
serum serotonin level was 1.83 times higher in HCD group 
compared to the control group (8.99 ± 2.50 µg/mL). This pa-
rameter in HCD + Ex group was 1.71 times lower compared 
to the rats that were on high-calorie diet (16.46 ± 2.92 µg/mL, 
Fig. 2). According to the data presented in Figure 2 the blood 
serum MAO activity was lower by 47% in the obese rats com-
pared to the control rats and higher by 37% in HCD + Ex group 
compared to the obese rats.

The research of the rats brain tryptophan level of the obese 
rats and rats that consumed the high-calorie diet and kidney 
beans (Phaseolus vulgaris) pods extract has shown a decrease 
of 2.33 and 2.64 times compared to the control group (11.19 
± 3.10 µg/g tissue, Fig. 3). The tryptophan-hydroxylase activ-
ity in the brain of rats with the experimental model of obesity 
has shown a decrease of the enzyme activity by 31% com-
pared with the values of the control group. This parameter in 
the group of rats that consumed the kidney beans (Phaseolus 
vulgaris) pods extract in addition to the high-calorie diet was 
higher by 4% compared to the HCD group of animals (Fig. 

Figure 1. The content of tryptophan (µg/mg of protein) (a), 5-hydroxytryptophan (units/mg of proteins) (b) and serotonin (µg/mg 
of protein) (c), tryptophan hydroxylase (TPH) activity (d), tryptophan decarboxylase (TPD) activity (e) and monoamine oxidase 
(MAO) activity (f) in duodenum mucosa in control and HCD-induced obese rats with or without consumption of kidney beans 
(Phaseolus vulgaris) pods extract (mean ± SEM, n = 10 in each group). *P < 0.05, significant differences compared to the control; 
#P < 0.05, significant differences compared to the HCD-induced obesity. SEM: standard error of the mean; HCD: high-calorie diet.
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3). The level of the rats brain 5-hydroxytryptophan was 1.72 
times lower compared to the control rats (57.5 ± 13.1 units/mg 
of protein) and 1.5 times higher compared to the HCD group 
(33.5 ± 6.0 units/mg of protein, Fig. 3). Studies also have 
shown a decrease of the rats brain tryptophan decarboxylase 
activity by 52% compared to the control rats and an increase of 
this indicator by 40% compared to the HCD group. According 
to the data presented in Figure 3 the rats brain serotonin level 
was 1.42 times lower compared to the control group (0.98 ± 
0.20 µg/g tissue). The level of the rats brain serotonin in HCD 
+ Ex group was 1.4 times higher compared to the HCD group 
(0.69 ± 0.11 µg/g of tissue, Fig. 3). The rats brain MAO activ-
ity was higher by 115% in HCD group compared to the control 
rats, and lower by 92% in HCD + Ex group compared to the 
HCD group of animals.

Histochemical analysis and morphometric parameters of 
duodenum mucosa and brain of the obese rats with or with-
out consumption of the kidney beans (Phaseolus vulgaris)  
pods extract

According to the data presented in Figure 4, the amount of the 
EC cells in the duodenum of HCD + Ex group was signifi-
cantly higher compared to the rats that were on high-calorie 
diet; while the same parameter of HCD group was lower com-
pared to the control group (by 48%). The serotonin content of 
duodenum EC cells was increased somewhat in rats of HCD + 
Ex group compared to the obese rats.

The consumption of the kidney beans (Phaseolus vulgar-
is) pods extract by obese rats change the number of seroto-

nin-positive neurons in the arcuate nucleus and the number of 
serotonin vesicles in single neurons (Fig. 5). In HCD group 
of animals, there was significantly smaller number of seroton-
ergic neurons and number of serotonin-positive vesicles per 
single neuron, as compared to the control (by 40% and 44%, 
respectively).

Discussion

The results presented in the Table 1 confirm the weight loss 
properties of the kidney beans (Phaseolus vulgaris) pods ex-
tract [12, 13]. The anti-obesity mechanism of Phaseolus vul-
garis relies on the inhibition of α-amylase activity. The extract 
of Phaseolus vulgaris inhibits activity of α-amylase, which 
could be related with an interfered digestion of complex car-
bohydrates to simple absorbable sugars. So, carbohydrate-de-
rived calories can be potentially reduced [10, 24]. We found 
that at the result of the kidney beans (Phaseolus vulgaris) 
pods extract consumption the rats of HCD + Ex group have 
significantly lower body weight compared to the obese rats 
of the HCD group. It was established that the weight of the 
subcutaneous and visceral adipose tissues in rats that contem-
poraneously consumed the high-calorie diet and kidney beans 
was lower compared to the relevant indicators in rats that were 
on a high-calorie diet. Our results are consistent with the re-
sults of different recent studies in this field [25-27]. It has long 
been known that the serotonergic system plays an important 
role in the regulation of body energy balance. The nutritional 
behavior of the body depends on the generation of the signal 
by neuropeptides in the nuclei of the hypothalamus. In turn, 

Figure 2. The content of tryptophan (µg/mL) (a), serotonin (µg/mL) (b), and monoamine oxidase (MAO) activity (c) in blood serum 
in control and HCD-induced obese rats with or without consumption of kidney beans (Phaseolus vulgaris) pods extract (mean ± 
SEM, n = 10 in each group). *P < 0.05, significant differences compared to the control; #P < 0.05, significant differences compared 
to the HCD-induced obesity. SEM: standard error of the mean; HCD: high-calorie diet.
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these neuropeptides are closely related to the serotonergic sys-
tem that controls of their secretion. Effect of serotonin on eat-
ing behavior occurs due to direct interaction with NPY/AgRP 
and POMC/CART neurons, as well as due to interaction with 
autoreceptors on the presynaptic membrane, which exert an 
inhibitory effect on the activity of the serotonergic neurons un-
der serotonin exposed [28, 29]. In addition to the inhibitory 
effect on NPY/AgRP neurons, serotonin is also able to activate 
the second population of hypothalamus neurons that involved 
in the regulation of eating behavior (POMC/CART neurons). 
Serotonin and its agonists binding to the 5-HT2C serotonin re-
ceptor are able to activate POMC expression in the arcuate 
nucleus of the hypothalamus [30, 31].

We studied the metabolism of the serotonergic system un-
der obesity development and simultaneously consumption of 
the high-calorie diet and kidney beans (Phaseolus vulgaris) 
pods extract in experimental rats. As the result of our research, 
the dysfunction of the peripheral and central serotonergic sys-
tems in rats with HCD-induced obesity was observed. But 
after consumption of kidney beans (Phaseolus vulgaris) pods 
extract all of the investigative parameters have been normal-
ized or even returned to the control values. Based on the results 
of the previous studies [32-34] we can conclude that dysfunc-

tion of the central serotonergic system can play a significant 
role in the processes that lead to the pancreatic β-cells dys-
function. As a result of the serotonin transmission decrease, 
the hyperphagia which causes excess glucose and free fatty 
acids (FFA) arises. It in turn causes insulin hyper secretion 
and initiates the processes of β-cell depletion [35]. Serotonin 
is present in the same vesicle with insulin in pancreatic β-cells, 
and co-secreted when stimulated by glucose [36, 37]. High 
glucose-stimulated β-cell secretion of serotonin (co-released 
with insulin) activates α-cell HTR1F and inhibits glucagon 
secretion in a paracrine manner [38, 39]. The HCD-induced 
obesity leads to the dysfunction of β-cell’s work in decreas-
ing insulin levels leading to hyperglycemia [40]. The reason 
that daily oral administration of the kidney beans (Phaseolus 
vulgaris) pods extract caused a hypoglycemic action might be 
the increased insulin sensitivity. The extract slowed glucose 
absorption via α-amylase inhibition and consequently reduc-
ing β -cell stimulation [41]. Obesity caused by an imbalance 
in the serotonin system can cause the development of insulin 
resistance through the production of FFA and directly through 
the interaction with the signaling pathways. According to the 
fact about serotonin and insulin interconnectedness the kidney 
beans (Phaseolus vulgaris) pods extract may have influence 

Figure 3. The content of tryptophan (µg/g tissue) (a), 5-hydroxytryptophan (units/mg of proteins) (b) and serotonin (µg/g tissue) 
(c); tryptophan hydroxylase (TPH) activity (d), tryptophan decarboxylase (TPD) activity (e) and monoamine oxidase (MAO) activ-
ity (f) in brain tissue in control and HCD-induced obese rats with or without consumption of kidney beans (Phaseolus vulgaris) 
pods extract (mean ± SEM, n = 10 in each group). *P < 0.05, significant differences compared to the control; #P < 0.05, significant 
differences compared to the HCD-induced obesity. SEM: standard error of the mean; HCD: high-calorie diet.
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on the serotonergic system normalization through insulin level 
changes in obese rats. All of these results are confirmed by the 
histochemical analysis of the serotonergic system. They also 
showed the normalization of serotonin content in duodenum 
and brain tissue.

In conclusion, the obtained results indicate a therapeutic 
effect of the kidney beans (Phaseolus vulgaris) pods extract 
on the dysfunction of the serotonergic system under obesity 
development. So, it can influence the restoring of appetite con-
trol and the reducing of the body weight. Even though there are 
several treatments of obesity, such as surgery and drugs, there 
seems to be no efficient treatment without potential side ef-
fects. The greater understanding of the influence of the kidney 
beans (Phaseolus vulgaris) pods on the obesity development 
can lead to more effective pharmacotherapies without side ef-
fects.
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