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Abstract 

Blood orange consumption presents potential health benefits and may modulate epigenetic mechanisms such as microRNAs (miRNAs) expression. MiR- 

NAs are non-coding RNAs responsible for post-transcriptional gene regulation, and these molecules can also be used as biomarkers in body fluids. This study 

was designed to investigate the effect of chronic blood orange juice (BOJ) intake on the inflammatory response and miRNA expression profile in plasma 

and blood cells in overweight women. The study cohort was comprised of twenty women aged 18–40 years old, diagnosed as overweight, who consumed 

500 mL/d of BOJ for four weeks. Clinical data were collected at baseline and after 4 weeks of juice consumption, e.g., anthropometric and hemodynamic 

parameters, food intake, blood cell count, and metabolic and inflammatory biomarkers. BOJ samples were analyzed and characterized. Additionally, plasma 

and blood cells were also collected for miRNA expression profiling and evaluation of the expression of genes and proteins in the MAPK and NF κB signaling 

pathways. BOJ intake increased the expression of miR-144-3p in plasma and the expression of miR-424-5p, miR-144-3p, and miR-130b-3p in peripheral 

blood mononuclear cells (PBMC). Conversely, the beverage intake decreased the expression of let-7f-5p and miR-126-3p in PBMC. Computational analy- 

ses identified different targets of the dysregulated miRNA on inflammatory pathways. Furthermore, BOJ intake increased vitamin C consumption and the 

pJNK/JNK ratio and decreased the expression of IL6 mRNA and NF κB protein. These results demonstrate that BOJ regulates the expression of genes involved 

in the inflammatory process and decreases NF к B-protein expression in PBMC. 

© 2022 Elsevier Inc. All rights reserved. 
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1. Introduction 

Overweight affects more than 1.9 billion adults worldwide [1] .

It is estimated that 2.8 million people die each year from con-

ditions that stem from overweight and obesity, including non-

communicable diseases (NCD), such as cardiovascular diseases

(CVD) and type 2 diabetes (T2D) [2] . A dietary pattern high in

ultra-processed foods, saturated fatty acids (SFA), and refined car-

bohydrates, such as those found in the Western diet, is mainly re-
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sponsible for triggering excess weight and its related comorbidities

[3–5] . 

Hypercaloric diets are related to gut microbiota dysbiosis and

the increase of gut permeability to lipopolysaccharides (LPS), large

inflammatory molecules found in the outer membrane of Gram-

negative bacteria [ 6 , 7 ]. Through its interaction with Toll-like re-

ceptor 4 (TLR4), LPS can activate mitogen-activated protein kinase

(MAPK) and nuclear factor kappa B (NF κB) signaling pathways,

which increase the expression of the inflammatory cytokines and

impairs insulin signaling [8–10] . Conversely, SFA can also induce

TLR4-independent activation of MAPK and NF κB pathways com-

ponents by endoplasmic reticulum stress and accumulation of re-

active oxygen species (ROS) [ 8 , 11–13 ]. In addition, adipocyte hy-
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pertrophy is accompanied by the infiltration and differentiation

of monocytes into M1 macrophages, leading to the release of cy-

tokines, lipolysis, and the recruitment of other immune cells, in-

cluding further monocytes and neutrophils [14–16] . These disor-

ders trigger metabolic inflammation [17] , which is widely associ-

ated with overweight and obesity and etiologically contributes to

its related comorbidities [ 10 , 18–20 ]. 

Healthy diets, higher in fruits and vegetables, are associated

with the reduction of cardiovascular risk [ 21 , 22 ]. In humans, or-

ange juice intake prevented the oxidative and pro-inflammatory

stress of a high-fat, high-carbohydrate meal in the post-prandial

time [23] . These effects were attributed mainly to naringenin

and hesperidin, the main flavanones found in oranges [ 24 , 25 ].

Blood orange [ Citrus sinensis (L.) Osbeck], in particular, is an abun-

dant source of flavanones, anthocyanins, carotenoids, and vita-

min C [ 26 , 27 ], which are strongly associated with antioxidant

and anti-inflammatory functions [ 24 , 28–32 ]. In addition, blood or-

ange juice (BOJ) intake improved endothelial function by increas-

ing the bioavailability of nitric oxide in overweight and obese

men [33] , reduced total cholesterol and LDL-cholesterol levels in

obese women [34] , improved antioxidant activity in healthy smok-

ers [35] , and BOJ extract supplementation reduced body mass in-

dex (BMI) in overweight volunteers [36] . However, the molecular

mechanisms by which these effects are triggered remain poorly

understood. 

Advances in the genomics field show that nutrients and bioac-

tive compounds found in orange juice can modulate epigenetic

mechanisms, such as microRNA (miRNA) expression [ 37–42 , 35 ].

MiRNAs are small non-coding RNAs that participate in post-

transcriptional control of gene expression. It is estimated that more

than 60% of gene expression in humans is regulated by miR-

NAs [43] , which are involved in the regulation of different sig-

naling pathways [ 6 , 44–47 ]. In addition, miRNAs can be found in

serum, plasma, and other body fluids and have been identified

as potential biomarkers of disease states, such as NCD [ 4 8 , 4 9 ].

Thus, there is an increased interest in developing novel therapies

based on the modulation of miRNA expression [ 50 , 51 ] and, con-

sequently different types of foods and nutritional factors could be

beneficial for this purpose, especially in diet-induced comorbidities

[ 6 , 35 , 37 , 42 , 52 , 53 ]. 

Therefore, considering the anti-inflammatory potential of blood

orange and the possible effect of its compounds on epigenetic con-

trol, we analyzed the effect of BOJ intake on the miRNA expression

profile in plasma and peripheral blood mononuclear cells (PBMC)

samples in overweight women following a Western dietary pat-

tern. We also measured plasma levels of inflammatory biomarkers

and the expression of genes and proteins in the MAPK and NF κB

signaling pathways in blood cells. In addition, we used computa-

tional analyses to identify potential miRNA targets in the MAPK

and NF κB pathways, as well as potential canonical pathways regu-

lated by dysregulated miRNAs in PBMC after BOJ intake. 

. Materials and methods 

2.1. Subjects and study design 

Twenty women aged 18–40 years old, diagnosed as overweight (BMI 25–29.9

kg/m 

2 ), were recruited for this interventional and chronic study. The participants’

exclusion criteria were: men; aged < 18 or > 40 years old; BMI < 25 or > 29.9

kg/m ²; athletes; diagnosis of metabolic diseases or chronic gastrointestinal disor-

ders; use of medicines to control inflammation, plasma lipid profile, or systemic

blood pressure; use of supplements or any medicine that could interfere with the

intestinal microbiota; frequent consumption of orange juice; smoker; pregnant; and

who were participating in another study. 

The interventions occurred in Health Center Geraldo Horacio de Paula Souza,

School of Public Health, University of São Paulo, Brazil. Samples and data were col-

lected at baseline and 4 weeks after daily ingestion of 500 mL of BOJ. Following 7

d without alcohol consumption, 48 hours without exercise, and 12 hours of fast-
ing, measurements were made of blood pressure (Omron HEM-7113, Kyoto, Japan),

glycemia (Accu-Chek Active, Basel, Switzerland), weight, height, and waist and hip

circumference ( Fig. 1 ). 

A total of 30 mL of blood samples were collected in tubes containing ethylene-

diaminetetraacetic acid (EDTA), sodium citrate, and gel and clot activator. The anal-

ysis of hemoglobin concentration was measured by an automated system (Horiba

ABX, Montpellier, France). The hemoglobin concentration of less than 12 g/dL was

adopted as a criterion of infeasibility to participate in the study since it may be

related to anemia [54] . 

Twenty-four hour dietary recalls (24hR) were conducted to estimate nutrient

intake using the Brazilian Food Composition Table (TACO) [55] , the food database of

the US Department of Agriculture (USDA) [56] , and food labels. The estimated to-

tal energy requirement of the participants was calculated using equations proposed

by the Institute of Medicine (IOM) [57] . The experimental protocol was approved

by the Ethics Research Committee of the School of Public Health at the University

of São Paulo (CAAE: 69382217.9.0 0 0 0.5421) and registered on the Brazilian Clinical

Trials Registry (UTN: U1111-1241-4665). All volunteers signed a written informed

consent. 

2.2. Moro blood orange juice characterization 

Pasteurized BOJ (Moro variety) was supplied by Fundecitrus (Araraquara, São

Paulo, Brazil). The juice was divided into 1 L flasks and immediately stored at -18 °C.

The soluble solids (SS °Brix) content was evaluated with a portable digital refrac-

tometer (model DR 201-95) (Krüss Optronic, Hamburg, Germany), and the pH was

measured by a pH meter model Metrohm 827 pH Lab Meter Swissmade (Metrohm

AG, Herisau, Switzerland). Total phenolics were measured on a spectrophotometer

(Hewlett Packard, model 8453) at 765 nm by the method described by Swain and

Hillis [58] . The organic acids were analyzed by high-performance liquid chromatog-

raphy (HPLC) on Agilent 2100 equipment with diode array detector (DAD), using a

µBondpack C18 column (300 mm × 3.6 mm id) (Waters, Milford, USA), with a mo-

bile phase of 0.1% phosphoric acidand a flow rate of 0.5 mL.min −1 , monitored at

210 nm [59] . 

The soluble sugars were analyzed by HPLC coupled to a pulsed amperometric

detector [60] . The content of total dietary fiber and fractions were measured ac-

cording to the method prescribed by the Association of Official Analytical Chemists

(AOAC) (AOAC 991.43) [61] . The antioxidant capacity was evaluated by oxygen radi-

cal assay capacity (ORAC), as described by Prior et al [62] , and by diphenylpicrylhy-

drazyl (DPPH), as described by Brand-Williams, Cuvelier, and Berset [63] . The plates

were read on Synergy H1 (Biotek Instruments, Winooski, USA) at 485 nm/525 nm

in the ORAC assay and 517 nm in the DPPH assay. 

The identification of anthocyanins and other flavonoids was performed by liquid

chromatography-electrospray ionization tandem mass spectrometry (LC-ESI-MS/MS)

and quantification of these compounds was performed by HPLC on Agilent 2100

equipment with DAD using a Prodigy 5 µm ODS3 column (250 × 4.60 mm) (Phe-

nomenex Ltd. - Cheshire, UK), with a flow rate of 1 mL.min −1 and 0.8 mL.min −1 at

25 °C for flavonoids and anthocyanins, respectively, as described by Nishioka et al.

[64] . The compounds were identified by comparing the mass spectra obtained with

commercial standards and/or literature data. Quantification was performed using a

calibration curve with identified flavanones (at 280 nm) and anthocyanins (at 525

nm) standards. 

Carotenoids were separated by HPLC-DAD-MS/MS on a C30 YMC column (5

µm, 250 mm × 4.6 mm), using a gradient elution of methanol and tert-methyl

butyl ether as described by Petry and Mercadante [65] . Carotenoids were identi-

fied according to UV-vis and MS/MS spectra characteristics and comparison with

standards. Quantification was done by calibration curves of (all- E )-lutein, (all- E )-

zeaxanthin, (all- E )- β-cryptoxanthin, and (all- E )- β-carotene; Z isomers were quanti-

fied using the curve of the corresponding (all- E )-isomer; (all- E )-violaxanthin, (all-

E )-antheraxanthin, (all- E )-luteoxanthin, mutatoxanthin, and their ( Z )-isomers were

quantified using the curve of lutein; the (all- E )- β-carotene curve was used for phy-

toene, phytofluene, and ζ -carotene quantification. 

2.3. Blood sampling and analysis 

Whole blood tubes were centrifuged at 1200 x g for 15 min at room temper-

ature. Plasma and serum were aliquoted and kept frozen at -80 °C until analysis.

Plasma from EDTA tubes was used for the analysis of microRNA, lipopolysaccharides

(LPS), lipopolysaccharide-binding protein (LBP), soluble CD14 (sCD14), inflammatory

biomarkers, insulin, leptin, and adiponectin. Plasma from the sodium citrate tubes

was used for the analysis of fibrinogen. The serum from tubes with gel and clot ac-

tivator was used for the analysis of the lipid profile, aspartate transaminase (AST),

alanine transaminase (ALT), gamma-glutamyltransferase (GGT), C-reactive protein

(CRP), amylase, urea, creatinine, and minerals. Insulin levels were determined with

enzyme-linked immunoassay (ELISA) kits (Insulin Accubind Elisa Kit; Monobind Inc.,

Lake Forest, USA) according to the manufacturer’s instructions. The tissue sensitiv-

ity to insulin was assessed by homeostasis model assessment (HOMA). The fast-

ing glycemia and insulin levels were used to calculate the insulin sensitivity index

(HOMA-IR), using the following equation: HOMA-IR = glucose × insulin ÷ 22.5 [66] .
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Fig. 1. Flow diagram of the study protocol. Twenty overweight women were recruited for a 4-week consumption period of daily 500 mL Moro blood orange juice. Peripheral 

blood and clinical data were obtained before the beginning of the intervention phase (baseline) and after 4 weeks. MiRNA profiling was performed with plasma and PBMC 

from baseline and 4 weeks. The other clinical parameters were also collected with blood from baseline and 4 weeks. Bioactive compounds from the blood orange juice 

were identified by LC-ESI-MS/MS. Integrative, pathway, and network analysis were performed integrating miRNA-Public RNAseq data, clinical parameters, and orange juice 

compound. LC-ESI-MS/MS, liquid chromatography-electrospray ionization tandem mass spectrometry; PBMC, peripheral blood mononuclear cells. 

 

 

 

 

 

 

 

 

 

 

 

 

LPS levels were analyzed using a commercially available kit [Cambrex Limu-

lus Amebocyte Lysate (LAL) kit; Lonza Inc, Walkersville, MD, USA]. LBP and sCD14

levels were analyzed by ELISA kits HK320-02 and HK315-02 (Hycult Biotech,

Uden, Netherlands), respectively. Interleukin (IL)-6, IL-10, tumor necrosis factor α

(TNF- α), monocyte chemoattractant protein 1 (MCP1), soluble vascular cell ad-

hesion molecule 1 (sVCAM-1), soluble intercellular adhesion molecule 1 (sICAM-

1), leptin and adiponectin were analyzed by DuoSet ELISA kits (R&D Systems,
Minneapolis, USA). All analyses were performed according to the manufacturer’s

instructions. 

Serum levels of total cholesterol, low-density lipoprotein (LDL), high-density

lipoprotein (HDL), triacylglycerol, CRP, fibrinogen, D-dimer, ALT, AST, GGT, amy-

lase, urea, creatinine, and minerals were measured by an automated dosing system

(Roche, Cobas 60 0 0 analyzer, Basel, Switzerland) in the Clinical Analysis Laboratory

of the University Hospital of São Paulo. Non-HDL-cholesterol was calculated using
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total cholesterol (TC) less HDL [67] . The AST/ALT ratio was calculated and included

as an index for the assessment of liver health [68] . 

2.4. Blood cell count 

Blood samples were collected with EDTA as described above, and a blood cell

count was performed using an automated system (Horiba ABX, Montpellier, France).

The morphological and leukocyte differential analyses were performed on blood

smears stained by the May-Grünwald-Giemsa (Merck, Darmstadt, Germany) tech-

nique. 

2.5. Flow cytometry 

Whole blood was collected on EDTA tubes and centrifuged for plasma sep-

aration, as described above, to access the immunophenotype of blood cells. Red

blood cells were removed by adding 2 mL of Red Cell Lysis Buffer (BD Pharmin-

gen, Becton Dickinson, New Jersey, USA) following the manufacturer’s instructions,

and cells were washed twice using phosphate-buffered saline (PBS). Flow cytome-

try was used to determine the percentage fraction of blood cells that were posi-

tively labeled with anti-CD4 (PE) (#555347), anti-CD8 (APC) (#553035), anti-CD14

(APC) (#555399), anti-CD11b (PE-Cy7) (#552850) and anti-CD18 (FITC) (#555923)

antibodies. Negative controls were performed by the fluorescence minus one (FMO)

strategy. All antibodies were purchased from eBioscience (San Diego, CA, USA) or

BD Biosciences. Samples were incubated at 4 °C in the dark for 30 min. Cells were

washed with PBS and resuspended in 0.5 mL of PBS in the dark until flow cytomet-

ric analysis. Once labeled, 1 × 10 4 cells were acquired by flow cytometry. The flow

cytometry strategy used is shown in the supplementary information (Supplemen-

tary Figure S1). Data were acquired on a FACS Canto II (FACScan, Becton Dickinson,

New Jersey, USA), and FlowJo 10 software (Tree Star Inc., Ashland, USA) was used

for data analysis. 

2.6. PBMC and PMN isolation 

After plasma removal, the blood remaining in the EDTA tubes was reconsti-

tuted with the same volume of sterile phosphate-buffered saline (PBS), carefully ho-

mogenized, and transferred to the 50 mL ACCUSPIN System-Histopaque-1077 tubes

(Sigma-Aldrich, St. Louis, USA). PBMC were separated using tube centrifugation at

10 0 0 x g for 10 min at 4 °C. The cells were distributed as follows: 4 × 10 6 cells for

miRNA extraction; 1 × 10 6 cells for mRNA extraction and the remaining cells for

protein extraction. The samples were frozen at -80 °C until analysis. 

For polymorphonuclear neutrophils (PMN) isolation, another EDTA tube con-

taining whole blood was used. PMN were isolated using a modified Percoll method

[69] . A Percoll gradient was made by slowly adding 3 mL of 70% Percoll solution

(Sigma-Aldrich, St. Louis, USA) over 3 mL of 60% Percoll solution, both diluted in

Hank’s balanced salt solution-EDTA [without calcium, with magnesium, phenol red,

and sodium bicarbonate, pH 7.2, 15 mM EDTA, 1% bovine serum albumin (BSA)]

(HBSS, GIBCO, Grand Island, NY, USA). Subsequently, 3 mL of whole blood was

added slowly over the Percoll gradient and was centrifuged at 400 x g for 20 min at

22 °C, with an acceleration/ brake of 2 m/s 2 . After centrifugation, a halo between the

70% and 60% Percoll solutions containing PMN was harvested into 1% BSA-coated

tubes after the cells from the upper phases were carefully removed. After one wash

with 2 mL HBSS-EDTA + 1% BSA, residual red blood cells were removed by adding

2 mL Red Cell Lysis Buffer (BD Pharmingen, Becton Dickinson, New Jersey, USA) to

the tube. PMN were then washed with HBSS by centrifugation at 400 x g for 10

min at 22 °C. After washing, the PMN were resuspended in 1 mL of HBSS. 

2.7. RNA isolation and quantitative real-time PCR 

Total RNA was obtained from 1 × 10 6 PBMC using the Mini Kit RNeasy extrac-

tion kit with DNase treatment (Qiagen, Germantown, USA), according to the man-

ufacturer’s protocol. RNA quality was evaluated by the A260nm/A280nm ratio [70] .

The absorbance was measured with a NanoVue Plus spectrophotometer (Biochrom,

Holliston, USA), and samples whose absorbance ratios were in the range between

1.9 and 2.1 were considered appropriate for use. Total RNA was reverse-transcribed

into cDNA using the High Capacity cDNA Reverse Transcription Kit with RNase In-

hibitor (Applied Biosystems, Foster City, USA) in the Research PTC-100 Thermal

Cycler (MJ Research, St. Bruno, Canada) according to the manufacturer’s protocol.

cDNA samples were stored at -40 °C until real-time PCR was performed. 

One microliter of each cDNA (10 ng/ µL) sample was amplified in the

TaqMan Fast Universal master mix (Applied Biosystems, Foster City, USA)

with optimized concentrations of the primer sets for RELA (Hs01042014_m1),

NFKB1 (Hs0 0765730_m1), NFKBIA (Hs0 0153283_m1); TNF (Hs0 0174128_m1),

IL1 (Hs01555410_m1), IL6 (Hs00174131_m1), IL10 (Hs00961622_m1), TLR2

(Hs00152932_m1) e TLR4 (Hs00152939_m1). Gene expression was normalized

by RNA18S5 (Hs03928990_g1). The primer set was purchased from Applied

Biosystems. The amplification reaction was performed using StepOnePlus (Applied

Biosystems, Foster City, USA). All reactions were performed in duplicate, and

negative controls were used for each reaction plate. The gene expression was

quantified according to the ��Ct method [71] . 
2.8. MiRNA extraction, real-time qPCR, and miRNA profiling 

Total RNA was extracted and purified from 200 µL of plasma using the miR-

CURY RNA isolation kit for biological fluids (QIAGEN, Hilden, Germany) and from

4 × 10 6 cells using the QIAGEN miRNeasy Mini Kit (QIAGEN, Hilden, Germany) ac-

cording to the manufacturer’s instructions. Artificial RNA (UniSp2, UniSp4, UniSp5)

was added to buffer lyses for calibration of RNA extraction [72] . Two microliters

of RNA from plasma and 10 ng of RNA from PBMC were reverse transcribed in 10

µL reactions using the miRCURY LNA Universal RT microRNA PCR, Polyadenylation,

and cDNA synthesis kit (QIAGEN, Hilden, Germany). Plasma and cellular cDNA were

diluted 50x and 100x, respectively, and assayed in 10 µL PCR reactions according

to the manufacturer’s instructions. Reverse transcription was performed including

a sample of artificial RNA (UniSp6) to control the cDNA synthesis [72] ; each mi-

croRNA was assayed once by qPCR on the microRNA Ready-to-Use PCR, Pick and

Mix using ExiLENT SYBR Green master mix (QIAGEN, Hilden, Germany). A sample

of artificial RNA (UniSp3) was used to monitor PCR efficiency [72] . 

MiRNA profiling experiments were done in two steps. In a first analysis, two

panels that identify the miRNAs most commonly expressed in plasma (miRCURY

LNATM Universal RT microRNA PCR Serum/Plasma Focus panel) and leukocytes

(miRCURY LNA Universal RT microRNA PCR custom Pick and Mix panel) (QIAGEN,

Hilden, Germany) were used to assess the profiles of 179 and 137 miRNA in plasma

( n = 8) and PBMC ( n = 8) samples, respectively (Supplementary Table S1 and S2), ac-

cording to the manufacturer’s protocols. In a second analysis, the differentially ex-

pressed miRNAs ( P -value < .05) identified previously and further miRNAs in plasma

(miR-30e-5p, miR-15a-5p, miR-101-3p, and miR-150-5p) and PBMC (mir-142-3p and

miR-17-5p), previously described as involved in the inflammatory process [73–78] ,

were quantified in new samples of plasma ( n = 12) and PBMC ( n = 12) from the same

cohort. Negative controls, excluding the template from the reverse transcription re-

action, were performed and profiled like the samples. The amplification was per-

formed in a LightCycler 480 Real-Time PCR System (Roche, Basel, Switzerland) in

384-well plates. The amplification curves were analyzed using the Roche LC soft-

ware, both for the determination of Cq (calculated by the second derivative method)

and for melting curve analysis. Hemolysis in plasma samples was checked by the

�Cq hsa-miR-23a-to-hsa-miR-451 ratio, which increases the risk of being positive

if > 7 [72] . 

Real-time PCR amplification (Cq values) was normalized by the global mean in

the first analysis and by hsa-miR-222-3p and hsa-miR-21-5p in the second anal-

ysis for plasma and PBMC samples, respectively. Differentially expressed miRNAs

( P -value < .05 and absolute fold change ≥1.25) were identified by comparing the

control and four-week groups using the R/Bioconductor package LIMMA [79] . 

2.9. Pathway and network analysis 

Differentially expressed miRNAs were uploaded to Ingenuity Pathway Analy-

sis (IPA) software (QIAGEN, Aarhus, Denmark) for in silico analysis. The miRNA

target filter tool was used to identify potential targets of the dysregulated miR-

NAs, based on experimentally validated interactions extracted from TarBase and

miRecords databases, and predicted miRNA-mRNA interactions from TargetScan

database. Highly predicted targets of miRNAs were identified by the presence of

conserved sites that match the seed region of each miRNA. On the other hand, mod-

erately predicted targets are identified by sites with mismatches in the seed region

that are compensated by conserved 3 ′ pairing [43] and centered sites [80] . MAPK

and NF κB signaling pathways were built with the differentially expressed miRNAs

and their validated and/or predicted targets, showing the molecular interactions be-

tween these miRNAs and their target mRNAs. 

2.10. Protein extraction and western blotting 

PBMCs and PMN were collected as described above and lysed in RIPA buffer

(Sigma-Aldrich, St. Louis, USA) supplemented with phosphatase (NaF 1 M and

sodium orthovanadate 10 mM) and protease inhibitors (PMSF 22,96 mM and Pro-

tease Inhibitor Cocktail, Sigma-Aldrich, St. Louis, USA). Protein expression was mea-

sured using the Pierce BCA protein analysis kit (Thermo Fisher Scientific, Waltham,

USA), according to the manufacturer’s instructions. The protein extracts were boiled

for 10 min in a water bath and maintained at -80 °C for future electrophoresis anal-

yses. 

For PBMC and PMN analyses, 10 µg and 30 µg of total proteins, respectively,

were resolved by electrophoresis on 10% TGX FastCast polyacrylamide gel (BioRad,

Hercules, USA) in a Mini-PROTEAN mini gel device (BioRad, Hercules, USA). After

electrophoresis, the proteins were electrically transferred to nitrocellulose mem-

branes for 10 min in the Power Blotter System (Life Technologies, Shanghai, China).

The membranes were incubated at room temperature for 1 h, under agitation, in

TSBT (Tris 10 mM, NaCl 1.5 mM, pH 7.6, Tween 0,1%) with 5% BSA to block the

nonspecific binding of antibodies to the membranes. For PBMC analyses, mem-

branes were incubated overnight at 4 °C with primary antibodies against total TAK1

(#5206), pTAK1 (Thr184/187) (#4508), IKK β (#8943), pIKK (Ser176/180) (#2697),

JNK (#3708), pSAPK/JNK (Thr183/Tyr185) (#4668), I κB α (#9242), pI κB α (Ser32)

(#2859), NF κB p65 (#4764), pNF κB (Ser536) (#3031), and β-actin (#8457) (Cell
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Table 1 

Volunteers’ profile 

Mean ±SD

Age (years) 27.5 ±6.5 

Weight (kg) 74.4 ±6.4 
Height (m) 1.64 ±0.07

Body mass index (kg/m 

2 ) 27.8 ±1.5 
Estimated energy requirement (Kcal/d) 2124 ±137
Waist circumference (cm) 89.1 ±5.0 

Waist-hip ratio 0.83 ±0.05 

Systolic blood pressure (mm Hg) 113 ±9 
Diastolic blood pressure (mm Hg) 69.7 ±8.2 

HOMA-IR 3.05 ±1.52
Hemoglobin (g/dL) 13.6 ±1.3 

All values are mean ±standard deviation (SD), n = 20. 
Abbreviation: HOMA-IR, homeostasis model assessment of insulin 

resistance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2 

Characterization of pasteurized Moro blood orange juice 

Mean ±SD 

or Total 

Soluble sugars ∗
Sucrose 4.84 ±0.04 

Fructose 2.96 ±0.05 

Glucose 2.73 ±0.08 
Total 10.52 
pH 4.14 ±0.00 

TSS ( °Brix) 6.50 ±0.00 

Total Phenolics † 45.7 ±0.0 

ORAC 

§ 857 ±3 

DPPH 

║ 50.7 1.1 

Vitamin C 

‡ 47.4 ±0.0 
Total Dietary Fiber ∗ 0.31 

Flavonoids ‡ 

Narirutine 4.19 ±1.24 

Hesperidin 36.5 ±14.2 
Didimin 1.90 ±0.85 

Naringin 0.33 ±0.01 
Naringenin 0.11 ±0.01 
Hesperitin 0.09 ±0.02 
Cyanidin-3-O-glycoside 12.2 ±1.8 
Cyanidin-3-O-(6 ′ -malonyl glycoside) 2.89 ±1.14 

Total Flavanones 43.1 
Total anthocyanins 15.1 
Total Flavonoids 58.2 

Carotenoids ¶, # 

Violaxanthin ((all- E ) + (9 Z )) 66.1 

Luteoxanthin ((all- E ) + (9 Z ) or (9 ′ Z )) 77.2 

(all- E )-lutein 66.5 

Mutatoxanthine (epimer 1, epimer 2 and epimer 3) 72.3 

(all- E )- zeaxanthin 31.6 
(all- E )- β-cryptoxanthin 59.0 
(9 Z )- antheraxanthin 40.8 

Total carotene ((all- E ) + ζ -carotene isomer 1 and 2) 94.8 
Total carotenoids 508.3 

The values are mean ±standard deviation (SD) or total. 

Abbreviations: DPPH, 2,2-diphenyl-1-picrylhydrazyl; ORAC, oxygen 

radical absorbance capacity; TSS, total soluble solids. 
∗ values expressed in g/100 mL. 
† values expressed in mg of gallic acid/100 mL 
‡ values expressed in mg/100 mL. 
§ values expressed in µmol of Trolox equivalents/100 mL. 
║ inhibition percent. 
¶ total values expressed in µg/100 mL. 
# the values are a sum of the identified isomers. 

 

 

 

 

 

 

 

 

 

 

 

 

Signaling Technology, Beverly, MA, USA). For PMN analyses, membranes were incu-

bated with antibodies against Stat3 (sc-8019), pStat3 (sc-8059) NF κB p65 (sc-372),

pNF κB (sc-33039) (Santa Cruz Technology, CA, USA), and β-actin (#8457) (Cell Sig-

naling Technology, Beverly, MA, USA). The antibodies were diluted (1:10 0 0) in TSBT

with 3% BSA. Following that, membranes were incubated with a secondary HRP-

conjugated antibody (Cell Signaling Technology, Beverly, USA) for 60 min at room

temperature and then incubated with a solution containing the chemiluminescence

reagent Clarity Western ECL Substrate (BioRad, Hercules, USA). The intensity of the

colored bands was determined by densitometry using ImageQuant LAS 40 0 0 (GE

Healthcare, Chicago, USA). Band intensities were normalized to β-actin to deter-

mine the relative protein expression. 

2.11. Statistical analyses 

Data are presented as the mean ± SD (standard deviation) and were analyzed

with GraphPad Prism7 software (GraphPad Software, Inc., La Jolla, CA, USA). The

fourth week was evaluated by paired data analysis concerning the baseline time.

The variables with normal distribution, shown by the D’Agostino & Pearson nor-

mality test, were evaluated by the paired t -test. For variables that did not have a

normal distribution, the difference between the time averages was assessed by the

Wilcoxon matched-pairs test. A P -value < .05 was adopted to reject the null hypoth-

esis. 

3. Results 

From an initial cohort of 40 women interviewed, 25 were re-

cruited, as they complied with the first selection criteria. Two

volunteers who showed hemoglobin levels lower than 12 g/dL

and another who reported the use of the anti-inflammatory drug

(ibuprofen) were removed from the current study. Additionally,

two volunteers did not complete the three blood draws. Thus, 20

( n = 20) women completed the experimental protocol. All volun-

teers showed overweight, an increased risk of metabolic compli-

cations (WC > 80 cm) [81] , and an indication of the presence of

insulin resistance (HOMA-IR > 2.70) [82] ( Table 1 ). 

The characterization of the BOJ is displayed in Table 2 . The

ingestion of 500 mL of BOJ presents 249.6 kcal, 52.6 g of sug-

ars, 237 mg of vitamin C, 291 mg of flavonoids, and 2541.5 µg

of carotenoids. The beverage had an acidic pH, a 6.50% soluble

solids content, a total phenolic concentration of 45.7 mg/100 mL,

and an antioxidant capacity of 856.73 µmol eq. Trolox/100 mL for

ORAC and a percentage of inhibition of 50.70 for DPPH ( Table 2 ).

The identification of flavonoids is displayed in supplementary data

(Supplementary Figures S2 and S3). The volunteers did not report

any intolerance, allergic reaction, or gastrointestinal discomfort due

to the beverage intake. 

Corroborating the Western dietary pattern [4] , the volunteers

had cholesterol and SFA intakes higher than recommended, with

more than 300 mg/d and more than 10% of total energy intake,
respectively [83] . In addition, the fiber intake was lower than the

25 g/d recommended for adult women [57] . On the other hand,

BOJ supplementation increased vitamin C intake ( P < .001) with-

out changing the intake of calories, macronutrients, cholesterol, or

dietary fiber ( Table 3 ). 

BOJ intake did not result in significant changes in anthropo-

metric, hemodynamic ( Table 4 ), metabolic profile, or hematological

(Supplementary Tables S3 and S4) parameters. However, the bev-

erage intervention increased serum levels of LDL-cholesterol, non-

HDL cholesterol, AST, and the AST/ALT ratio ( Table 5 ). Nevertheless,

these metabolites were kept within healthy levels: LDL-cholesterol,

less than 130 mg/dL; non-HDL cholesterol, less than 100 mg/dL

[84] ; AST, less than 35 IU/L; and AST/ALT ratio, greater than 1 and

less than 2 [68] . 
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Table 3 

Estimate of the volunteers’ daily intake of calories, macronutrients, dietary fiber, and vitamin C at baseline and 4 weeks after daily intake 

of 500 mL of Moro blood orange juice 

Baseline 4 wk P- value 

Total energy intake (kcal) 2227 ±546 2309 ±400 .96 
Protein (g) 86.2 ±22.0 88.3 ±28.9 .80 

Protein per kg of body weight (g) 1.17 ±0.34 1.18 ±0.37 .92 

Total fat (g) 82.9 ±30.1 84.6 ±33.3 .96 
% SFA in relation to total energy intake 11.8 ±4.3 11.8 ±4.3 .62 
Cholesterol (mg) 358 ±202 357 ±259 .76 

Carbohydrate (g) 305 ±79 289 ±54 .44 
Dietary fiber (g) 20.7 ±8.9 15.4 ±6.8 .05 
Vitamin C (mg) 55.5 ±78.9 268 ±52 < .001 

All values are mean ±standard deviation (SD), n = 20. 

Analyzed by paired t -test or Wilcoxon matched-pairs test. 
Abbreviations: SFA, saturated fatty acid. 

Table 4 
Body composition and blood pressure obtained at baseline and 4 
weeks after daily intake of 500 mL of Moro blood orange juice 

Baseline 4 wk P- value 

Weight (kg) 74.4 ±6.4 74.7 ±6.4 .33 

Body mass index (kg/m 

2 ) 27.8 ±1.5 27.9 ±1.8 .28 
Waist circumference (cm) 89.1 ±5.0 88.5 ±4.6 .49 

Waist-to-hip ratio 0.83 ±0.05 0.82 ±0.06 .19 
Systolic blood pressure (mm Hg) 113 ±9 111 ±10 .24 
Diastolic blood pressure (mmHg) 69.7 ±8.2 67.9 ±6.1 .26 

All values are mean ±standard deviation (SD), n = 20. 
Analyzed by paired t -test or Wilcoxon matched-pairs test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regarding gene expression, BOJ decreased IL6 mRNA expression

in PBMC ( Fig. 2 ) and modulated the expression of different miR-

NAs involved in MAPK and NF κB signaling pathways in plasma

and PBMC ( Figs. 3 and 4 ). In the first analysis of miRNA, 3 of the

179 plasma miRNAs analyzed and 7 of the 137 PBMC miRNAs an-

alyzed were differentially expressed after 4 weeks of BOJ intake

in comparison to the baseline time ( Fig. 3 A). All miRNAs that did

not present significant differences are shown in the supplemen-

tary data (Tables S5 and S6). In the second analysis of miRNA, pre-

viously differentially expressed miRNAs, including further miRNAs

in plasma and PBMC that are also related to inflammation [73–

78] , were analyzed in the other study samples from the same co-

hort. Thus, considering both miRNA analyses, 1 plasma miRNA and

5 PBMC miRNAs showed a significant difference in expression after
Fig. 2. Effect of daily intake of 500 mL of Moro blood orange juice for 4 weeks on mR

Expression of TLR2, TLR4, NFKBIA, NFKB1, RELA, TNF, IL1, IL6 , and IL10 . Values are mean ±sta

test. IL , interleukin; NFKBIA , Nuclear factor-kappa B alpha inhibitor; NFKB1 , nuclear facto

receptor; TNF , tumor necrosis factor-alpha. 
BOJ intake for 4 weeks in comparison to the baseline time ( Fig. 3 B,

C, D). 

The amplification curves for the RNA spike-ins were similar

among most samples enabling a reliable comparison between dif-

ferent samples and demonstrating that the processes of RNA ex-

traction, cDNA production, and amplification were done in a homo-

geneous way (Supplementary Figures S4 and S5). However, sam-

ple 18C showed low amplification efficiency, with only two miR-

NAs detected, which was confirmed by the high Cq level of UniSp6

(Supplementary Figure S4b). In addition, the �Cq miR-23a-to-miR-

451 ratio for the 12C plasma sample was 8.1, which indicates an in-

creased risk of it being affected by hemolysis (Supplementary Fig-

ure S6) [72] . Consequently, these samples were removed from the

analysis to enable normalization, decreasing the number of plasma

samples for miRNA analysis ( n = 18). 

IPA software was used for targeting prediction and pathway

analyses. We identified 383 experimentally validated targets of the

5 differentially expressed miRNAs in PBMC. The top 40 canoni-

cal pathways most enriched are shown in Fig. 3 E. We observed

enrichment in canonical pathways related to inflammation, anti-

oxidation, growth factor signaling, and metabolism. Figure 4 shows

a representation, in a cellular layout, of the predicted targets of the

differentially expressed miRNAs within the MAPK and NF κB signal-

ing pathways. 

Considering the great number of targets of the differentially ex-

pressed miRNAs related to inflammatory signaling pathways, we

tested whether BOJ intake would affect the protein expression

of these pathways. We observed that BOJ induced a decrease in

the protein expression of NF κB ( P < .05) and an increase in the
NA expression of the inflammatory pathway in PBMC from overweight women. 

ndard deviation (SD), n = 12. Analyzed by paired t -test or Wilcoxon matched-pairs 

r kappa B p50 subunit; RELA , nuclear factor kappa-B subunit p65; TLR , toll-type 



V.C. Capetini, B.J. Quintanilha, D.C. de Oliveira et al. / Journal of Nutritional Biochemistry 112 (2023) 109240 7 

Fig. 3. Differentially expressed miRNA profiles in plasma and PBMC, 4 weeks after daily intake of 500 mL of Moro blood orange juice. (A) Differentially expressed miRNA 

profiles in plasma ( n = 7) and PBMC ( n = 8) from the first miRNA analysis. (B) miRNA expression profile in plasma ( n = 18) and PBMC ( n = 20) from second miRNA analysis. The 

supervised heat map illustrates the fold change profile of differentially expressed miRNAs in plasma (C) and PBMC (D), in which columns represent samples and rows represent 

miRNAs. The color-coded scale illustrates the miRNA relative expression (DCt) after global normalization. Blue indicates expression levels lower than the mean; and orange 

indicates expression level over the mean. (E) Biological canonical pathways that are potentially influenced by differentially expressed miRNAs. CT, control; OR, orange; PBMC, 

peripheral blood mononuclear cells. 
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Fig. 4. Targets of differentially expressed miRNAs in the MAPK and NF κB signaling pathways in PBMC ( P < .05), after daily intake of 500 mL of Moro orange juice for 4 weeks. 

Legend: orange box, protein with possible greater post-transcriptional silencing; blue box, protein with possible minor post-transcriptional silencing; orange and blue box, 

protein with possible highest (orange) and lowest (blue) post-transcriptional silencing according to the color gradient; gray box, possibly unmodulated protein; solid outline 

box, miRNA with increased expression; dashed outline box, miRNA with decreased expression; miRNA in red, experimentally validated target; miRNA in green, highly predicted 

target; miRNA in yellow, moderately predicted target. Targets obtained in silico in the IPA software. AP-1, activator protein 1; ASK1, apoptosis signal regulating kinase 1; CCL, 

C-C motif chemokine ligand; CSF1, colony stimulating factor 1; COX-2, Cyclooxygenase-2; CXCL, C-X-C motif chemokine ligand; ERK, extracellular signal-regulated kinase; IL, 

interleukin; IL-1R, interleukin-1 receptor; IKK, I κB kinase complex; ICAM-1, intercellular adhesion molecule 1; I κB α, nuclear factor kappa B inhibitor alpha; IRAK, interleukin-1 

receptor-associated kinase; JNK, c-Jun N-terminal Kinase; p65, p50, and p105, nuclear factor kappa B subunits; MAP3K8, mitogen-activated protein kinase kinase kinase 8; 

MEK, ERK activator kinase; MKK, mitogen-activated protein kinase kinase; MyD88, myeloid differentiation primary response 88 protein; RIP, receptor-interacting protein; TLR4, 

toll like receptor 4; TNFR1, tumor necrosis factor receptor 1; TIRAP, toll/interleukin-1 receptor domain-containing adapter protein; TRAM, TRIF-related adaptor molecule; TRIF, 

toll-like receptor adapter molecule 1; TRADD, tumor necrosis factor receptor type 1-associated DEATH domain protein; TRAF, TNF receptor-associated factor; TAB, TAK1-binding 

protein; TAK1, transforming growth factor-beta-activated kinase 1; VCAM-1, vascular cell adhesion molecule 1; TNF- α, tumor necrosis factor-alpha. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

pJNK/JNK ratio ( P < .05) in PBMC samples ( Fig. 5 ), corroborating the

pathway analysis predictions. We did not find modulation of NF κB

and STAT-3 in PMN (Supplementary Figure S7) or the inflammatory

biomarkers analyzed ( Table 5 ). 

4. Discussion 

Our findings show that regular BOJ intake modulated the ex-

pression of plasma and PBMC miRNAs related to the control of

proteins expression of the MAPK and NF κB signaling pathways in

overweight and insulin-resistant women following a Western di-
etary pattern. The intervention also reduced the expression of IL6

mRNA and NF κB p65 subunit protein and increased the pJNK/JNK

ratio in PBMC, as well as promoting the intake of vitamin C,

flavonoids, and carotenoids. Conversely, there were no differences

in the NF κB and STAT3-protein expression in PMN. Additionally,

this supplementation did not result in significant or unhealthy

changes in caloric intake, anthropometric analysis, or biochemical,

hemodynamic, or hematological parameters assessed at the end of

the experimental protocol. 

Although the biochemical parameters remained within healthy

levels ranges, the increase in LDL-cholesterol after the beverage
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Fig. 5. Effect of Moro blood orange juice intake on the phosphorylation and expression of the proteins of the MAPK and NF κB signaling pathways in PBMC. (A) Phosphorylated 

and (B) total proteins (TAK1, JNK, IKK β , I κB α, and NF κB) and (C) phosphorylated/total protein ratio were assessed through (D) protein expression images obtained by Western 

blotting. Values are mean ±standard deviation (SD), n = 12. Analyzed by paired t -test or Wilcoxon matched-pairs test. IKK β , I κB kinase beta; I κB α, nuclear factor-kappa B 

inhibitor alpha; JNK, c-Jun N-terminal Kinase; and NF κB, nuclear factor kappa B p65 subunit; TAK1, transforming growth factor-beta-activated kinase 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

intervention was intriguing. On the other hand, Hollands et al.

[85] showed that ingestion of 500 mL/d of BOJ for 28 d did not

change LDL-cholesterol levels in predominantly overweight Cau-

casian adults. However, Azzini et al. [34] showed a decrease in

cholesterol and LDL-cholesterol levels after 12 weeks of supple-

mentation with 500 mL/d of BOJ in obese women. This suggests

that for a longer period of intake, BOJ can decrease and main-

tain healthy levels of LDL-c and, consequently, non-HDL choles-

terol. Regarding the transaminase levels, although no studies were

found that evaluated these enzymes after the intervention with

BOJ, Gonçalves et al. [86] showed that in subjects with hepatitis C,

supplementation with 500 mL/d of Pera orange juice for 8 weeks

reduced AST levels. Thus, a longer period of intervention is sug-

gested to assess the effect of BOJ on AST levels and the ALT/AST ra-

tio in overweight individuals, especially when associated with liver

diseases or the use of drugs and alcohol. 

BOJ may have presented an important antioxidant contribu-

tion. The ORAC and DPPH assays showed that the beverage pro-

vided greater antioxidant capacity when compared to other juices,

such as Cara Cara and Bahia orange juices, analyzed before and

after pasteurization in a previous study [87] . In healthy smokers,

acute BOJ intake increased the serum activity of glutathione per-
oxidase (GPx) [35] . Ribeiro et al. [88] showed that BOJ intake for

4 weeks at ad libitum attenuated doxorubicin-induced myocardial

oxidative damage and improved glutathione peroxidase and cata-

lase activity in rats. This antioxidant capacity of the BOJ is asso-

ciated with the concentration of total phenolics, flavonoids, and

vitamin C [ 32 , 89 , 90 ]. Particularly, citrus flavonoids are widely as-

sociated with antioxidant activity [24] , such as demonstrated in

PBMC, in which hesperidin and naringenin suppressed ROS gen-

eration by more than 50% and 70%, respectively [90] . 

Previous studies have shown that some BOJ compounds, such as

vitamin C, hesperidin, didymin, lutein, and zeaxanthin, are also as-

sociated with the control of miRNAs expression [38–41] . Our data

showed that BOJ intake upregulated the miR-144-3p expression in

plasma, a miRNA widely expressed in human tissues and body flu-

ids [91] . Alterations in plasma miR-144 levels were observed in

NCD, and its plasma level was suggested as a biomarker for T2D

and insulin resistance [ 92 , 93 ]. However, there are conflicting re-

sults regarding plasma miR-144 expression in T2D. For example,

in a study with diabetic subjects, increased plasma miR-144 was

associated with T2D in Swedes but not in Iraqis [94] . In addi-

tion, upregulation of plasma miR-144 levels may be appropriate

in CVD. In diabetic patients with cardiac dysfunction, plasma miR-
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Table 5 

Plasma and serum metabolic profile analyzed at baseline and 4 

weeks after daily ingestion of 500 mL of Moro blood orange juice 

Baseline 4 wk P- value 

Glucose (mg/dL) 80.0 ±12.4 75.8 ±11.4 .32 
Insulinemia ( µUI/mL) 15.2 ±5.8 14.5 ±4.5 .60 

HOMA-IR 3.05 ±1.5 2.69 ±0.86 .23 

Adiponectin (pg/mL) 5.29 ±2.52 5.08 ±2.30 .15 
Leptin (pg/mL) 4.27 ±0.16 4.28 ±0.15 .90 
Total cholesterol (mg/dL) 138 ±40 153 ±31 .06 

HDL-cholesterol (mg/dL) 48.4 ±14.8 50.9 ±13.7 .42 
LDL-cholesterol (mg/dL) 72.8 ±27.3 81.7 ±22.3 .04 
Triacylglycerol (mg/dL) 86.5 ±41.4 95.8 ±46.7 .38 

Non-HDL cholesterol (mg/dL) 90.0 ±33.4 101.6 ±28.7 .03 

ALT (U/L) 12.8 ±6.1 12.7 ±4.2 .89 
AST (U/L) 15.1 ±4.8 21.3 ±9.7 .01 
AST/ALT ratio 1.28 ±0.38 1.73 ±0.70 < .01 
GGT (U/L) 13.8 ±6.1 15.1 ±5.2 .14 

White Blood Cells (x10 3 /mm 

3 ) 7.16 ±1.66 7.88 ±1.68 .16 

LPS (EU/mL) 0.08 ±0.04 0.08 ±0.04 > .99 

sCD14 ( µg/mL) 2.06 ±0.32 2.02 ±0.34 .52 
LBP ( µg/mL) 13.4 ±4.1 13.1 ±4.6 .48 

CRP (mg/L) 3.65 ±5.37 3.03 ±3.53 .94 
Fibrinogen (mg/dL) 287 ±73 282 ±79 .21 

D-dimer (ng/mL) 484 ±282 442 ±200 .37 
IL-6 (pg/mL) 27.1 ±27.0 29.5 ±33.9 .43 

IL-10 (pg/mL) 32.6 ±20.0 35.8 ±20.0 .90 
TNF- α (pg/mL) 3.76 ±1.60 3.59 ±0.91 .56 
sICAM (ng/mL) 341 ±89 320 ±80 .20 
sVCAM (ng/mL) 395 ±123 374 ±110 .20 

MCP-1 (pg/mL) 17.2 ±5.6 16.9 ±5.3 .78 

All values are mean ±standard deviation (SD), n = 20. 
Analyzed by paired t -test or Wilcoxon matched-pairs test. 
Abbreviations: ALT, aspartate transaminase; AST, alanine transam- 

inase; CRP, C-reactive protein; GGT, gamma-glutamyltransferase; 
HDL, high-density lipoprotein; HOMA-IR, Homeostasis model as- 

sessment of insulin resistance; IL, interleukin; LDL, low-density 
lipoprotein; MCP-1, monocyte chemoattractant protein-1; sCD14, 
Soluble cluster of differentiation 14; LPS, Lipopolysaccharide; LBP, 

Lipopolysaccharide binding protein; TNF- α, tumor necrosis factor- 
alpha; sICAM, soluble intercellular adhesion molecule; sVCAM, sol- 
uble vascular cell adhesion molecule. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

144 levels were found to be markedly decreased, and plasma miR-

144 overexpression in diabetes mice by agomiR protected the heart

from hyperglycemia-induced lesions and promoted cardiac mito-

chondrial biogenesis [95] . 

MiR-144-3p was also upregulated in PBMC due to BOJ intake.

Computational analysis revealed no experimentally validated tar-

gets for miR-144 in the MAPK and NF κB pathways. We identi-

fied as predicted targets of miR-144 the mRNAs of MAP3K8, IL-

7, CXCL11, and TNF superfamily member (TNFSF) 11. Previously it

was shown that the reduction of TNFSF11 by miR-144 results in

decreased expression of TNF- α, IL-1 β , IL-6, and IL-23 in dendritic

cells and IL-17 in Th17 cells [96] . Taken together, these effects

demonstrate that mir-144 may play an important role in attenu-

ating the inflammatory response. 

BOJ intake also upregulated miR-424-5p expression in PBMC.

This miRNA has as experimentally validated targets MEK1, MKK4,

AP-1, COX-2, and TNFSF9, and as highly predicted targets IKK β ,

IL-20, and IL-15, and other genes of the MAPK and NF κB path-

ways. Among these targets, our results showed a slight decrease in

IKK β protein expression, but this was not statistically significant

( P = .07). Moreover, miR-424 overexpression was associated with

protection against LPS-induced inflammation [ 97 , 98 ]. Lee et al.
[97] demonstrated that mice with endothelial-specific deletion of

miR-322 (miR-424 ortholog) had increased angiogenic signaling in

response to LPS via inflammatory processes. 

MiR-424 may also be indirectly related to the control of intra-

cellular protein phosphorylation in inflammatory pathways. Our in

silico analysis showed that protein phosphatase 2A (PP2A) is an

experimentally validated target of miR-424. PP2A is an enzyme re-

sponsible for controlling the phosphorylation of several intracel-

lular proteins, including MAPK and NF κB pathway components,

among which PP2A can dephosphorylate JNK [99] . Thus, the in-

creased expression of miR-424 can potentially reduce the level

of PP2A and, consequently, influence signaling pathways in which

PP2A plays through a protein dephosphorylation mechanism. 

BOJ intake did not increase JNK phosphorylation compared to

the control. However, when we evaluated the phospho-JNK/JNK ra-

tio, we found an increase in the proportion of phospho-JNK com-

pared to the level of intracellular JNK. Although JNK phosphoryla-

tion is related to increased expression of inflammatory genes, cell

death, and insulin resistance, JNK phosphorylation is also respon-

sible for activation of the nuclear factor erythroid 2-related fac-

tor 2 (NRF2), which modulates the expression of antioxidant en-

zymes [ 100 , 101 ]. In vitro , the treatment of hepatocytes and neu-

rons with the citrus flavanones neohesperidin (10–30 µM) and hes-

peretin (50 µM), respectively, increased JNK phosphorylation with-

out decreasing cell viability [ 100 , 102 ]. Furthermore, pre-treatment

of macrophages with lutein (10 µM) did not reduce LPS-induced

JNK phosphorylation, although it resulted in decreased inflamma-

tory stimulus by blocking LPS-induced phosphorylation of ERK and

p38 kinases and TNF- α release [103] . Therefore, it is suggested that

the increased proportion of phosphorylated JNK in PBMC due to

BOJ intake is not associated with increased inflammatory activity

or the development of insulin resistance but rather indicates one

of the mechanisms by which BOJ plays an antioxidant protection

role. 

MiR-130b-3p was also upregulated in PBMC due to BOJ intake.

In silico analysis indicated colony-stimulating factor 1 (CSF1) as

an experimentally validated target and MEK1, CCL1, and IL10 re-

ceptor (IL10RB) as highly predicted targets of miR-130b, in addi-

tion to other targets in the inflammatory pathway with which this

miRNA can bind moderately. Wang et al. [104] showed that upreg-

ulation of miR-130b attenuated LPS-induced inflammation in the

lung of mice by binding to MAP3K8 mRNA; consequently, it de-

creased the expression of TNF- α, IL-6, and E-selectin, which re-

sulted in the protection of the pulmonary vascular endothelium.

Guo et al. [105] showed that miR-130b-3p also inhibited the polar-

ization of macrophages M1 through the inhibition of the interferon

regulatory factor 1 (IRF1), with a consequent reduction in the ex-

pression of the genes CCL5, CXCL10, enzyme inducible nitric oxide

synthase (INOS), and TNF- α. 

At the end of the experimental protocol, we observed a down-

regulation of let-7f-5p expression in PBMC. This miRNA has as ex-

perimentally validated targets the TLR4 and COX-2 mRNAs and as

highly predicted targets the MEK1, IL-10, CCL3, -7, TNFSF9, and TN-

FSF10 mRNAs. However, our data show that the downregulation of

let-7f-5p expression did not significantly increase plasma levels of

IL-10. On the other hand, let-7f-5p downregulation may be useful

to improve the insulin intracellular signaling, since let-7f targets

the insulin receptor (INSR), insulin-like growth factor receptor 1

(IGF1R), insulin receptor substrate 2 (IRS-2), phosphatidylinositol 3

kinase interaction protein 1 (PIK3IP1), and protein kinase B/Akt 2

(Akt2) [106] . 

MiRNA let-7 clusters were identified as a factor important in

controlling IL-6 expression. Mechanistically, let-7adf promotes IL-6

secretion by directly repressing tet methylcytosine dioxygenase 2

(Tet2) levels, an epigenetic regulator that removes methyl groups
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from DNA, and indirectly by enhancing a Tet2 suppressor, succi-

nate. Conversely, inhibition of let-7 expression increased Tet2 ex-

pression and decreased IL6 expression in macrophages. However,

it is unclear how this modulating DNA demethylation can control

IL-6 expression [107] . Interestingly, vitamin C was associated with

the induction of Tet2 activity [108] . Consequently, it is speculated

that vitamin C and the downregulation of let-7f-5p might lead to

an anti-inflammatory effect. Therefore, this suggests that the de-

crease in IL6 mRNA levels after BOJ intake may be due to let-7f-5p

downregulation and vitamin C intake. However, no change in IL-

6 plasma levels was observed, which throughout our experimental

protocol remained below the values found in overweight individ-

uals, in whom the plasma level of IL-6 was on average 80 pg/mL

[109] . 

The let-7 family is also related to the control of the NF κB path-

way [ 46 , 47 ]. In silico analysis indicated that let-7f-5p and 130b-

3p are highly predicted to target the homeobox protein Hox-B1

(HOXB1), a transcriptional regulator involved in the attenuation of

p50 and p65 expression [110] . In our study, BOJ intake reduced

the level of the NF κB p65 subunit. These results show that BOJ

ingestion modulated the expression of miRNAs, which are indi-

rectly involved in controlling p50 and p65 expression. On the other

hand, there was no reduction in p65 mRNA levels, indicating only

a post-transcriptional control at the protein level. Sirotkin et al.

[45] showed that the main post-transcriptional inhibitors of p65

expression are miR-1, miR-27a, and miR-150. In our study, only

miR-27a expression was assessed in all PBMC samples, but it did

not show a significant upregulation (fold-change 1.22 and P = .09)

at the end of the experimental protocol. Thus, the mechanism by

which BOJ intake reduced the intracellular level of p65 in PBMC is

unclear. 

MiR-126-3p expression was also downregulated in PBMC at the

end of the experimental protocol. In silico analysis indicated that

miR-126 targets only VCAM-1 as an experimentally validated tar-

get and TNF receptor superfamily member 10b (TNFRSF10B) as a

highly predicted target. In our analysis, the plasma VCAM-1 level

did not change after BOJ intake, suggesting that the miR-126-3p

downregulation may not have affected the expression of VCAM-1.

Conversely, Yu et al. [111] showed that inhibition of miR-126 in

chondrocytes reduced IL-1 β-induced inflammation and increased

the protein expression of the apoptosis regulator Bcl-2 (Bcl-2)

through the inactivation of JNK and p38 pathways, with a conse-

quent decrease in the content of IL-6, IL-8, and TNF- α. Further-

more, miR-126 downregulation in insulin-dependent cells may be

helpful in T2D as it favors intracellular insulin signaling once that

miR-126 targets IRS-1 [112] and IRS-2 [113] . 

Overall, the miRNA modulation previously mentioned may

lead to a decrease in the inflammatory response by direct post-

transcriptional control of proteins of the MAPK and NF κB signal-

ing pathways and, indirectly, by control of transcription factors and

enzymes that can regulate the expression and activity of specific

pathway components. Although no change was observed in the in-

flammatory biomarkers, our results suggest that the changes ob-

served at the molecular level may be part of the early control

mechanisms at the inflammatory signaling pathway, promoted by

the regular BOJ intake. Further studies are needed to elucidate the

mechanism responsible for the decrease of p65 level by the bever-

age intake. Certainly, this will support the use of Moro blood or-

ange in nutritional therapies, which can be useful in the risk re-

duction and management of NCD. 
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