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Cytokine Dysregulation and Inflammation
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Abstract

Background: Low-grade inflammation is believed to be an inte-
gral component and key marker of obesity and metabolic syndrome.
Among various plant sources, the common bean (Phaseolus vulgaris)
is a promising source of bioactive peptides, which could be effective
in mitigating the negative effects of obesity.

Methods: Using an enzyme-linked immunosorbent assay procedure, we
evaluated the relative levels of hypoxia inducible factor 1 subunit alpha
(HIF-1a), nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-xB), interleukin 6 (IL-6), interleukin 8 (IL-8), interleukin 1 beta (IL-
1pB), tumor necrosis factor alpha (TNF-a), and resistin in the serum, vis-
ceral adipose tissue, liver, and kidneys of obese rats that either consumed
P, vulgaris husk-derived peptides as a dietary supplement or did not.

Results: In the serum of obese rats, the results revealed increased lev-
els of all assessed cytokines (except IL-8 and TNF-a), mainly resistin,
IL-6, and IL-1B. In adipose tissue, the main changes were observed in
the levels of resistin, IL-6, and TNF-a. In the liver and kidneys, altera-
tions were primarily noted in the levels of HIF-1a and IL-8.

Conclusions: These cytokine profile patterns are indicative of the de-
velopment of low-grade inflammation, insulin resistance, metabolic
dysfunction-associated steatotic liver disease, and chronic kidney dis-
ease, which are inherent in obesity. At the same time, in animals that
consumed peptides, cytokine levels were slightly above or at control
levels, indicating the effectiveness of common bean husk peptides
against obesity-induced low-grade inflammation.
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Introduction

According to the World Health Organization (WHO), almost
half of the Earth’s population is overweight, and approxi-
mately every sixth person has obesity [1]. It poses a significant
threat to the global healthcare system, rapidly spreading across
all social groups. The expansion of adipose tissue during obe-
sity entails concomitant diseases, such as type 2 diabetes, non-
alcoholic fatty liver disease (NAFLD), hypertension, dyslipi-
demia, renal impairment, and depression [2]. However, there
is another neglected, yet possibly a key marker of overweight
and obesity—low-grade inflammation (LGI). Adipocyte hy-
pertrophy triggers massive production of adipokines and in-
flammatory cytokines, laying the basis for LGI. In turn, LGI
links adipose tissue distribution to the main cardiometabolic
diseases listed above. By targeting LGI, clinicians could build
a strategy to treat these metabolic complications and subse-
quently ease the metabolic burden for obese patients [3].
Modern studies have demonstrated that dietary plants can
serve as a source of bioactive peptides. Some bioactive pep-
tides from Chia seeds, walnuts, soybeans, legumes, and other
plants have been found to have anti-obesity properties through
the inhibition of key metabolic pathways, lipase and amylase
inhibition, and antioxidant activity [4]. One of the most promis-
ing dietary plants for the production of bioactive peptides with
anti-obesity properties is the common bean (Phaseolus vulgar-
is), aqueous extracts of which are known in folk medicine for
their hypoglycemic effects [5]. This plant contains a protein
named phaseolin—a natural inhibitor of pancreatic a-amylase,
which also has antioxidant and antigenotoxic activities [6], as
well as an anti-inflammatory effect in RAW264.7 cells and ze-
brafish larvae [7]. The protective effects of P. vulgaris against
atherosclerosis and cardiovascular disease are linked to several
bioactive compounds, particularly their high content of fiber
(both soluble and insoluble) and a diverse range of polyphe-
nols. These compounds work through multiple mechanisms
to manage key risk factors. Since the production of bioactive
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peptides from whole P. vulgaris beans is not cost-effective,
bean husk, as an alternative raw material, can be used to ob-
tain peptides with similar properties. Recently, Kyznetsova et
al showed that long-term administration of aqueous extracts
of P. vulgaris bean husk lowers blood glucose levels and free
radical production in diabetic rats [8]. Shchypanskyi et al also
showed that acidic hydrolysis of P. vulgaris bean husk aqueous
extract produces peptides with molecular weights of 192-610
Da, which have antioxidant (2,2-diphenyl-1-picrylhydrazyl
(DPPH)-scavenging and ferric reducing antioxidant power
(FRAP)) activity [9].

This study aims to expand the existing knowledge of com-
mon bean husk’s anti-obesity properties, shedding light on
its anti-inflammatory effects in rats with modeled obesity. To
achieve this, we have evaluated levels of main inflammatory
markers and cytokines in the primary metabolically active or-
gans, including blood, liver, kidneys, and visceral adipose tis-
sue (VAT).

Materials and Methods

Bean husk peptide collection

Firstly, P. vulgaris bean husk extracts were prepared with a mi-
nor modification, following the technique outlined by Kyznet-
sova et al. The husks of kidney beans used in this study came
from a local field in the Kyiv region, Ukraine. One liter of
boiling distilled water was mixed with approximately 132 g of
dried, powdered bean husks, and this mixture was then boiled
in a covered container for 20 min. Afterwards, it was left to
cool overnight. It was then filtered and centrifuged for 10 min
at 1,000 x g. The resulting supernatant was lyophilized using a
laboratory freeze-dryer, LyoQuest (Telstar, Barcelona, Spain),
yielding about 8 g of lyophilized material.

To obtain the peptides from the extract, 8 g of lyophilized
bean husk extract and 250 mL of 1 M acetic acid (502000,
CARLO ERBA Reagents SAS) were mixed. The mixture was
hydrolyzed with continuous stirring for 1 h. Then, the solution
was heated to 100 °C, boiled for an hour, and subsequently
cooled to room temperature. The resulting suspension was
centrifuged at 2,800 x g for 45 min. The supernatant was dia-
lyzed to remove non-protein impurities and then lyophilized.

Maintenance conditions of experimental animals

For the experiment, we used 30 non-linear albino male rats.
All animals were maintained in the accredited vivarium at
Taras Shevchenko National University of Kyiv. The experi-
ment involving animals was approved by the special bioethics
committee at Taras Shevchenko National University of Kyiv
(Protocol No. 7 from November 21, 2024). All procedures
followed the ethical guidelines and regulations for the use of
laboratory animals outlined in the European Convention for
the Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (ECPE). Furthermore, the pro-
cedures followed Ukrainian legislation, specifically the law

adopted on February 21, 2006 (No. 3447-1V), titled “On the
Protection of Animals from Cruel Treatment”. Conditions for
the animals’ care included a natural light/dark cycle, a temper-
ature of 20-24 °C, and a humidity of 30-70%. The rats were
randomly divided into three groups of 10 animals each. Five
animals from each group were housed in individual cages, and
they were all given free access to water and a standard pelleted
rodent diet.

Induced obesity model establishment

After 3 days of acclimatization, we started the obesity induc-
tion process by feeding the animals a high-calorie diet. The
high-calorie chow was made by softening the following ingre-
dients in 2 L of hot water: standard rodent chow pellets (60%),
chicken eggs (10%), lard (10%), crushed peanuts (5%), white
sugar (9%), dry milk powder (5%), and sunflower oil (1%)
[10]. This mixture yielded solid spheres with a diameter of
around 4 cm. After drying, these spheres served as high-calorie
meals for the experimental groups.

The 12-week obesity modeling trial consisted of two phas-
es. At the beginning of the experiment, all rats were weighed
and then randomly assigned to three groups of 10 and housed
in cages containing five rats each. Standard rodent chow pel-
lets and filtered water were given to the control group on an
as-needed basis. Filtered water and the specially prepared,
high-calorie meal mentioned above were provided to the other
two groups ad libitum. The sixth week marked the start of the
second stage. The feeding schedule for the other animal groups
remained the same, but one of the experimental groups that re-
ceived the high-calorie meal was also given aqueous solutions
of P. vulgaris peptides (200 mg/kg of body weight) in place
of drinking water, ad libitum. The group with obesity without
peptide supplementation was designated DIO (diet-induced
obesity), while the peptide-treated obese group was designated
DIO + peptides (DIO + P).

Animal euthanasia and organ sample collection

The experimental animals were euthanized after 12 weeks
from the start of the trial. To collect an acceptable volume
of blood samples while avoiding the potential effect of anes-
thetics on biochemical parameters in blood and tissues, the
decapitation method of euthanasia was used. Blood samples
(about 10 mL per animal) were collected immediately fol-
lowing decapitation for serum preparation. To prepare liver,
kidney, and VAT homogenates, 1 g of each organ was mixed
with 50 mM Tris-HCI buffer (pH 7.4) (C4706, Sigma-Al-
drich, Saint Louis, USA) containing 140 mM NaCl (A57006,
Thermo Fisher Scientific, Waltham, USA) at a 1:9 (w/v) ra-
tio. The tissues were homogenized at +4 °C with hand-held
homogenizers (11799, Reichelt Chemietechnik GmbH + Co.,
Heidelberg, Germany). The resultant homogenates were cen-
trifuged at 600 x g for 15 min, followed by a second cen-
trifugation at 10,000 x g for 15 min. To prepare rat serum
samples, freshly obtained blood was centrifuged at +4 °C and
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1,300 x g for 20 min. The homogenates and serum samples
were frozen at —20 °C.

Enzyme-linked immunosorbent assay (ELISA)

To determine the relative levels of inflammation-related cy-
tokines, including hypoxia inducible factor 1 subunit alpha
(HIF-1a), nuclear factor kappa-light-chain-enhancer of activat-
ed B cells (NF-kB), interleukin 6 (IL-6), interleukin 8 (IL-8),
interleukin 1 beta (IL-1f), tumor necrosis factor alpha (TNF-a),
and resistin, we used a standard ELISA procedure with minor
modifications. Serum and homogenate samples (100 pL), di-
luted in Tris-buffered saline (TBS) buffer (1060.1, Carl Roth
GmbH + Co. KG, Karlsruhe, Germany), were added to sterile
microplate wells (2205, Thermo Scientific™ Waltham, USA)
and left at +4°C overnight. Dilutions of the samples were as fol-
lows: serum 1:100, liver and kidneys 1:50, adipose tissue 1:20.
Next, the wells were washed three times with Tris-buffered sa-
line Tween (TBST) buffer (1061.1, Carl Roth GmbH + Co. KG,
Karlsruhe, Germany), then blocked with a 3% solution of pow-
dered milk (T145, Carl Roth GmbH + Co. KG, Karlsruhe, Ger-
many) and incubated for 1 h at +37 °C. After washing we added
100 pL of diluted solutions (1:3,000 in TBST buffer) of the
corresponding antibodies: HIF-1a (PA3-16521, Thermo Fisher
Scientific, Waltham, USA), NF-kB (ER0815, Thermo Fisher
Scientific, Waltham, USA), IL-6 (700480, Thermo Fisher Scien-
tific, Waltham, USA), IL-8 (701232, Thermo Fisher Scientific,
Waltham, USA), IL-1p (PA5-88078, Thermo Fisher Scientific,
Waltham, USA), TNF-a (PA1-40281, Thermo Fisher Scientific,
Waltham, USA), and resistin (BS-0795R, Bioss Inc., Woburn,
USA), and incubated for 1 h at +37 °C. Following incubation,
the wells were washed and incubated with horseradish peroxi-
dase (HRP)-conjugated secondary anti-mouse (31430, Ther-
mo Fisher Scientific, Waltham, USA) and anti-rabbit (31460,
Thermo Fisher Scientific, Waltham, USA) antibody solutions in
TBST buffer (1:7,000) for another hour at 37 °C. The substrate
solution consisted of 0.4 mg/mL o-phenylenediamine dihydro-
chloride (P9029, Sigma-Aldrich, Saint Louis, USA) in 0.05 M
citrate-phosphate buffer (P4809, Sigma-Aldrich, Saint Louis,
USA) and 0.4 pL/mL of 30% H,0O, (CP26.1, Carl Roth GmbH +
Co. KG, Karlsruhe, Germany). After incubation with secondary
antibodies, the wells were washed, and 100 pL of substrate solu-
tion was added to each well. The wells were then incubated in a
dark place for 5 min. The reaction was terminated by adding 100
uL of stop solution (3 M sulfuric acid (1.00713, Merck KGaA,
Darmstadt, Germany)). Optical density was immediately meas-
ured at 492 nm using a microplate reader (MQX200, BioTek,
USA). To compensate for possible background chemilumines-
cence, we used blank samples containing TBS buffer instead
of the homogenate solution. To achieve higher precision, each
sample was analyzed in triplicate.

Protein quantification and data analysis

To avoid discrepancies in the results, we took into account the
protein concentration in the samples when calculating the rela-
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rel. units/mg of protein

NF-kB HIF-1a TNF-a IL-6 IL-8
Serum

IL-18 Resistin

Figure 1. Concentrations of cytokines and pro-inflammatory transcrip-
tion factors in rats’ sera. *P < 0.05 (compared to control group), #P <
0.05 (compared to DIO group), n = 5. DIO: diet-induced obesity.

tive cytokine content. The concentration of total protein was
determined by the standard procedure [11] using commercially
available Bradford Reagent (39222.03, SERVA Electrophore-
sis GmbH, Heidelberg, Germany). Calculation of cytokine
content was performed according to the formula:

Concentration (relative units/mg of protein)

_ Asios = Aags X Ky X Ky (1)
C

where /g, is the optical density of sample at wavelength 495
nm; Ag,es is the optical density of blank sample at wavelength
495 nm; K, is coefficient of homogenate dilution (K[, = 100 for
serum; Ky, = 50 for liver and kidneys; K}, =20 for VAT); K, is
coefficient of tissue dilution (K}, = 10 for all sample types); C is
protein concentration in mg/mL, determined by Bradford assay.

Statistical analysis

Normality of distribution was assessed using the Kolmogorov-
Smirnov test of normality. The significance of the differences
between the groups was analyzed using one-way analysis of
variance (ANOVA) and Tukey’s post hoc test at a significance
level of P <0.05. Data in the figures are given as mean + stand-
ard error of mean (M + m).

Results

The results of this study are consistent with the widely accept-
ed fact that LGI is one of the integral markers of metabolic
syndrome and obesity. Moreover, LGI is considered a major
contributor to the main metabolic dysfunctions, such as insulin
resistance, NAFLD, chronic hypertension, etc. [12, 13].
According to Figure 1, serum resistin, IL-6, and IL-1f lev-
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Figure 2. Concentrations of cytokines and pro-inflammatory transcrip-
tion factors in rats’ visceral adipose tissue. *P < 0.05 (compared to
control group), #*P < 0.05 (compared to DIO group), n = 5. DIO: diet-
induced obesity.

els increased significantly in the DIO group during obesity, by
approximately 207%, 177%, and 171% of control levels, respec-
tively. Meanwhile, in the DIO + P group, resistin concentration
was only 126% of the control value, IL-6 was 133%, and IL-1§
levels were similar to the control. NF-xB and HIF-1a levels in
the DIO group increased by only 35% and 48%, respectively,
while these same parameters in the DIO + P group were nearly
the same as in the control group. Other cytokines, such as IL-8
and TNF-a did not show statistically significant differences.

As shown in Figure 2, resistin levels in the VAT of the DIO
group increased most markedly, reaching nearly 180% of the
control value. In the DIO + P group, this parameter was compa-
rable to the control. A less significant increase was observed for
IL-6 and TNF-a, at 153% and 151% of the control levels, respec-
tively. Peptide consumption resulted in IL-6 and TNF-a levels
decreasing to 126% and 125% of the control values. Levels of
IL-1B, HIF-10, and IL-8 in the DIO group were approximately
145%, 142%, and 133% of the control levels, respectively. Pep-
tide intake caused a relative decrease in IL-1p to 128%, HIF-1a
to 117%, and IL-8 to 114% of the control levels in the DIO +
P group. NF-«kB concentration in the DIO group increased the
least, by only 116% of the control, while in the DIO + P group,
this parameter remained at the control level.

In our experiment, liver levels of HIF-1a and IL-8 in the
DIO group were the highest among the assessed parameters,
reaching 144% and 142% of the control values, respectively
(Fig. 3). The same parameters in the DIO + P group were com-
parable to control levels.

A less pronounced effect of obesity was observed for IL-
1B (123% of the control), TNF-o and NF-kB (both 122% of
the control), and IL-6 (118% of the control). Levels of all these
molecules in the DIO + P group aligned with control values.
However, resistin concentration did not show any statistically
significant changes in our experiment.

The smallest changes in cytokine profile were observed
in kidney samples, yet the pattern of changes is similar to that
observed in liver samples. Compared with the control group,
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Figure 3. Concentrations of cytokines and pro-inflammatory transcrip-
tion factors in rats’ liver. *P < 0.05 (compared to control group), #P <
0.05 (compared to DIO group), n = 5. DIO: diet-induced obesity.

the most significant deviation in DIO group was observed for
IL-8 (138% of control values) and HIF-1a (135% of control
values), yet in the DIO + P group, these values were in line
with the control levels (Fig. 4).

Moreover, according to our results, NF-kB concentration
in the DIO group was elevated by 20%, TNF-a by 18%, IL-6
by 16%, and resistin by 13% (Fig. 4). In the DIO + P group,
these parameters were reduced to the control values. However,
the results did not show any statistically significant changes in
IL-1B concentration.

Discussion

In our experimental conditions, obesity led to an increase in the

20
Control

[ [sle]
* [ DIO+P

rel. units/mg of protein

NF-kB HIF-1a TNF-a IL-6 IL-8

Kidneys

IL-1B Resistin

Figure 4. Concentrations of cytokines and pro-inflammatory transcrip-
tion factors in rats’ kidneys. *P < 0.05 (compared to control group), #P <
0.05 (compared to DIO group), n = 5. DIO: diet-induced obesity.
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main pro-inflammatory transcription factors and cytokines in
most metabolically active organs, suggesting the development
of chronic LGI. We also demonstrated a significant effect of P,
vulgaris husk-derived peptides on the cytokine profile in these
organs, highlighting their potential therapeutic applications.

Analyzing Figures 1 and 2, we noticed some common cy-
tokine profile features between serum and VAT. In both sample
types, major changes were related to resistin, IL-6, and IL-1§,
which suggests that VAT may be a main contributor to sys-
temic inflammation in obesity. Expansion of VAT is believed
to be the primary origin of LGI. Despite not much attention
being paid to this tissue, it is one of the crucial organs in our
bodies. It is not only an energy-storing depot, but also an en-
docrine organ producing adipokines, such as leptin, resistin,
adiponectin, adipolin, and pro-inflammatory cytokines, such
as TNF-a, IL-8, and IL-6. Expansion of adipose tissue and
adipocyte hypertrophy lead to enhanced production of these
molecules and their release into the bloodstream [14]. Further-
more, expansion of VAT creates physical pressure inside the
abdomen, increasing hypoxia and, therefore, levels of HIF-1a
[15]. This process can be compared to tumor formation, be-
cause in both conditions, LGI progresses in a similar manner.
Chronic hypoxia induces the activity of the mitogen-activated
protein kinase (MAPK) kinase pathway, which leads to acti-
vation of HIF-1a and NF-kB, transcription factors of hypox-
ia-induced genes and multiple pro-inflammatory genes [16].
The release of pro-inflammatory cytokines, especially IL-8,
which acts as a chemoattractant for immune cells, causes the
migration of M1-type macrophages to the primary inflamma-
tion site, specifically adipose tissue. They, in turn, release pro-
inflammatory molecules themselves, such as IL-6, IL-8, IL-1p,
and TNF-a [17, 18].

Results depicted in Figure 1 are consistent with the re-
sults obtained by Monk et al, whose study showed a decline
in serum IL-17A, IFN-y, TNF-a, IL-1B, and IL-6 levels of
C57BL/6 mice with colonic inflammation [19]. In obese pa-
tients, adipose tissue, apart from cytokines, produces high
amounts of adipokine resistin, which is particularly notable
because, according to some studies, it is an antagonist of in-
sulin [20]. Moreover, resistin may have a direct impact on
inflammation progression through activation of Toll-like re-
ceptor 4 or adenylyl cyclase-associated protein 1 [21]. The
concentration of this adipokine in blood correlates with body
mass index in obese rats. Despite the resistin-mediated link
between obesity and diabetes not being fully understood, in
recent studies, it caused glucose uptake inhibition in L6 mus-
cle cells and 3T3-L1a adipocytes [22]. IL-6 is considered the
main inflammatory mediator in obesity. This cytokine can in-
duce lipolysis, adipokine synthesis, oxidation of lipoproteins,
and, most importantly, facilitate insulin resistance [23]. IL-6
activates the Janus kinase/signal transducer and activator of
transcription (JAK/STAT) pathway, which in turn inhibits in-
sulin transduction signals through insulin receptor substrate 1
(IRS-1) and phosphatidylinositol 3-kinase (PI3K) [24]. IL-1P
is another pro-inflammatory cytokine, which not only pro-
motes the spread of inflammation but also provokes insulin
resistance [25]. TNF-a, levels of which were increased in the
VAT of obese rats, is also worth mentioning. This cytokine is
also a well-established marker of inflammation involved in

LGI development. Previous studies showed a positive correla-
tion between body weight and TNF-a mRNA levels in obese
patients [26]. TNF-o and IL-6 can stimulate impaired phos-
phorylation of IRS-1, therefore inhibiting the signal transduc-
tion in the insulin signaling pathway [27]. Given the above, it
is highly likely that LGI-mediated insulin resistance developed
in our DIO group.

Liver, as one of the most metabolically active organs,
probably suffers from the consequences of obesity the most.
Obesity serves as the primary driver for a multisystem inflam-
matory cascade, where dysfunctional adipose tissue triggers a
state of chronic LGI that bridges NAFLD and systemic ath-
erosclerosis. NAFLD is not merely a localized liver condition
but a potent independent risk factor for cardiovascular disease.
This relationship is often quantified via carotid intima-me-
dia thickness (cIMT), which serves as a validated surrogate
marker for subclinical atherosclerosis. In obese populations,
the “crosstalk” between an inflamed liver and the vascular
wall—mediated by pro-inflammatory cytokines and altered
lipid metabolism—accelerates the thickening of the carotid
arterial walls [28]. Metabolic-dysfunction associated steatot-
ic liver disease (MASLD), modern naming of NAFLD, is a
common obesity-related disease, which is defined as a state
where fat comprises more than 5% of hepatic mass [29, 30].
According to statistics, it is the most widespread liver disease,
being diagnosed in every third patient [30]. Importantly, LGI
and altered immune response are considered as central factors
in MASLD development [31]. Oxidative stress is another trig-
ger to MASLD progression. An excessive amount of free fatty
acids in the liver leads to the generation of reactive oxygen
species (ROS), which in turn may lead to mitochondria impair-
ment and sudden apoptosis of hepatocytes [27]. In this study
we have shown that levels of HIF-1a increase the most during
obesity, supporting the findings of previous studies. HIF-1a,
as a pro-inflammatory transcription factor, is a mediator be-
tween hypoxia, LGI, and MASLD. Mesarwi et al discovered
that hepatocyte-specific HIF-1a-knockout mice with induced
obesity had lower weight gain rates, improved glucose lev-
els, and better metabolic profiles [32]. Moreover, HIF-1a was
also found to be associated with hepatic fibrosis [33]. IL-8 is
known as a chemoattractive molecule, which promotes neu-
trophil migration to inflamed tissues [34]. In a recent study by
Auguet et al, IL-8 was the only cytokine whose levels were in-
creased in women with morbid obesity. Authors also state that
IL-8, being highly associated with steatosis degree and lobular
inflammation, can be used as a marker for nonalcoholic stea-
tohepatitis (NASH), which is a severe case of MASLD [35].
Elevated levels of IL-1B3, TNF-a, and IL-6, which were mod-
erately increased in our obese rats are also direct evidence of
MASLD, since their presence is indicative of the pathogenesis
of fatty liver diseases [36].

Chronic kidney disease (CKD) is one of the most common
renal diseases in obesity, with approximately every fifth case
of obesity resulting in CKD [37]. Diabetic nephropathy (DN)
is another obesity-related pathology, characterized by renal hy-
poxia, increased oxidative stress, and elevated levels of HIF-
la [38]. As it was mentioned above, cytokine pattern changes
in kidneys were similar to those observed in liver samples with
HIF-1a and IL-8 being elevated the most. In a study by Tuncay
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et al, IL-8 was the only cytokine whose levels were elevated
in the early stage of CKD in children [39]. Taking into account
the above-mentioned, we suppose that CKD could also have
been developed in our experimental conditions.

Legumes are already well-known as a source rich in vari-
ous bioactive peptides and proteins with antioxidant, angioten-
sin-converting enzyme (ACE)-inhibitory, and anti-inflamma-
tory activities [40]. P. vulgaris beans are very promising in this
context due to the presence of peptides with anti-diabetic, an-
tihypertensive, anti-cancer, and anti-inflammatory activities.
Indrati reported that more than 20 peptides, obtained by Al-
calase, pepsin, and pancreatin treatment of P. vulgaris beans,
exerted strong anti-inflammatory properties. Notably, most of
them consist merely of 3—5 amino acid residues [41]. Accord-
ing to a study by Monk et al, even cooked common beans can
improve gut microbiota, production of short-chain fatty acids,
and adipose tissue inflammation [42]. In another study, boiled
kidney beans inhibited the expression of TNF-a and IL-6 in
the murine peritoneal macrophage cell line through the lectin-
mediated mechanism [43]. P. vulgaris husk extracts were also
found effective against inflammation processes in a murine
second-degree alkali burn esophagus model [44].

The cytokine profile shifts we observed in the DIO group
clearly indicate LGI inflammation in obese animals on a
broader level. From the perspective of adipose tissue, obesity
leads to further intensification of inflammation through a posi-
tive feedback mechanism and the development of insulin re-
sistance. From the liver’s perspective, obesity causes local hy-
poxia, MASLD, and possibly hepatic fibrosis. The kidneys are
also affected, with a risk of CKD development. Consumption
of P. vulgaris husk peptides led to a significant decrease in pro-
inflammatory cytokine levels or even their mitigation to the
control levels in most cases, implying a positive effect on the
rats’ immune system. Therefore, peptides from kidney bean
husk have shown results comparable to those obtained from
bean extracts or protein isolates. From an economic perspec-
tive, bean husks are a more affordable type of raw material,
being practically a byproduct of the bean harvesting industry.

One of the potential mechanisms underlying the anti-in-
flammatory properties of P. vulgaris peptides may be related to
their antibacterial effects. Obesity causes a microbiome shift to
the prevalence of Gram-negative bacteria, which in turn causes
loss of gut barrier integrity and release of lipopolysaccharide
(LPS) into the bloodstream. LPS, as a powerful immunogen,
can be one of the LGI contributors [45]. Thus, bioactive pep-
tides from kidney bean and its husks can potentially act on
Gram-negative bacteria, shifting the microbiome balance to
Gram-positive microorganisms, reducing LPS release into the
bloodstream, and as a result, reducing LGI. Another potential
mechanism is the inhibition of the NF-kB pathway by decreas-
ing the p65 subunit translocation into the nucleus [46]. In an-
other study, P. vulgaris extract mitigated levels of cyclooxyge-
nase-2 and inducible nitric oxide synthase in the liver of obese
mice mediated by peroxisome proliferator-activated receptor
(PPAR)-a and vy [47]. The exact mechanism behind the anti-
inflammatory effect of kidney bean husk peptides is unknown,
yet it may be related to the mechanisms described above, or it
may be a combination of them. Further studies are required to
elucidate these pathways in detail.

Conclusions

To conclude, we have, for the first time, investigated cytokine
profile changes in metabolically active organs of rats during obe-
sity, both with and without P. vulgaris husk-derived peptide diet-
supplementation, emphasizing the potential of these peptides in
combating the negative effects of obesity. The results revealed an
elevation of pro-inflammatory cytokines and transcription fac-
tors in all assessed tissues of obese rats, indicating the develop-
ment of low-grade inflammation. In serum and adipose tissue
samples, the most pronounced changes were observed in resis-
tin, IL-6, and IL-1f concentrations, suggesting the possible de-
velopment of insulin resistance mediated by these cytokines. In
liver and kidney samples, we observed elevation of HIF-1a and
IL-8 levels, pointing to increased hypoxia and the development
of MASLD and CKD in these organs, respectively. In the animal
group that consumed peptides, the levels of most of the assessed
cytokines were significantly lower, in some cases approaching
the control values. These results demonstrate the effectiveness
of husk-derived peptides, which are cheaper and easier to obtain,
compared to methods involving P. vulgaris bean extracts.
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