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Ultrasonic-assisted extraction of bioactive chlorogenic acid from heilong48 soybean
variety: Parametric optimization and evaluation of physicochemical and bioactive
properties

Nelson Dzidzorgbe Kwaku Akpabli-Tsigbe,  Yongkun Ma,  John-Nelson Ekumah,  Juliet Osabutey,  Jie Hu, 
Manqing Xu,  Nana Adwoa Nkuma Johnson,  Benjamin Kumah Mintah

Pages: 985-1002  First Published: 11 March 2022

A satisfactory ultrasonic-assisted extraction model was obtained. The heilong48 soybean (HS) variety
could be used to produce chlorogenic acid. There were protein–polyphenol interactions in the HS variety.
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Nematy,  Hanieh Barghchi,  Shahrzad Havakhah,  Mona Maddahi,  Mohammad Rashidmayvan,  Maryam
Khosravi

Pages: 1003-1020  First Published: 10 March 2022

Rheumatoid arthritis (RA) is an autoimmune and systemic
disorder, and cytokines and inflammatory responses play a
key role in its pathogenesis. Antioxidant supplements may
help reduce the symptoms and improve the quality of life
in RA patients. Propolis has numerous antioxidant and
polyphenolic properties and may exert beneficial effects on
the oxidative stress biomarkers and inflammation process.

Abstract Full text PDF References Request permissions

Moisture contents and product quality prediction of Pu-erh tea in sun-drying process with
image information and environmental parameters

Cheng Chen,  Wuyi Zhang,  Zhiguo Shan,  Chunhua Zhang,  Tianwu Dong,  Zhouqiang Feng,  Chengkang
Wang

Pages: 1021-1038  First Published: 22 February 2022

In this study, images were captured continuously in the
sun-drying process of Pu-erh tea. Environmental
parameters (EP) of air humidity, air temperature, global
radiation, wind speed, and ultraviolet radiation were
collected with a portable meteorological station. Moisture
contents and product quality of Pu-erh tea can be
accurately predicted with deep learning-based methods.
The proposed combinations of different environmental
parameters can also provide a valuable reference in
developing a new sun-drying system.
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Steam explosion enhances phenolic profiles and antioxidant activity in mung beans

Fachun Wan,  Chunyu Hou,  Kaiyun Luo,  Anwei Cheng
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Steam explosion (SE) formed the large cavities and
intercellular spaces of mung beans. SE increased the yields
of insoluble-bound (IBPAs), glycosided (GPAs), esterified
(EPAs) and free phenolic acids (FPAs). SE enhanced the
antioxidant activity of IBPAs, GPAs, EPAs, FPAs in mung
beans.
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Purification, antioxidant activities, encapsulation, and release profile of total flavonoids in
Peony seed meal

Lixia Zan,  Wangting Song,  Weiwei Wang,  Gang He,  Xinsheng Li,  Jinjin Pei

Pages: 1051-1057  First Published: 21 January 2022

This present study focused on the purification, antioxidant activities, encapsulation, and release profile of
total flavonoids in Peony seed meal. The result indicated that the encapsulated total flavonoid
microcapsules are worthy for the development of functional foods and supplements, and Peony seed
meal could be a potential resource in the food and pharmaceutical industries.
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UHPLC-ESI-QTOF-MS  analysis of Acacia pennata extract and its effects on glycemic indices,
lipid profile, pancreatic and hepatorenal alterations in nicotinamide/streptozotocin-
induced diabetic rats

Hui Shao,  Minmin Xiao,  Zheng Zha,  Opeyemi Joshua Olatunji
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This study showed the beneficial effects of the Acacia pennata in controlling metabolic derangement,
pancreatic and hepatorenal dysfunction in diabetic rats.
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8-Prenylnaringenin tissue distribution and pharmacokinetics in mice and its binding to
human serum albumin and cellular uptake in human embryonic kidney cells

Yoshiaki Tanaka,  Hitomi Okuyama,  Miyu Nishikawa,  Shin-ichi Ikushiro,  Mayumi Ikeda,  Yu Ishima,  Yuichi
Ukawa,  Kenichi Oe,  Junji Terao,  Rie Mukai

Pages: 1070-1080  First Published: 22 January 2022

This study aimed to compare the parameters related to the bioavailability of 8-PN and its mother
(nonprenylated) compound naringenin. The tissue distribution of 8-PN in mice was higher than that of
naringenin. Compared with naringenin, 8-PN showed a stronger affinity to human serum albumin and
higher cellular uptake in human embryonic kidney cells.

Abstract Full text PDF References Request permissions

Daily intake of up to two eggs for 11 weeks does not affect the cholesterol balance of
Chinese young adults

Zhili Ma,  Wei Wu,  Dexin Zhang,  Ping Wu,  Yuanhua Guo,  Deyuan Li,  Fang Yang

Pages: 1081-1092  First Published: 17 January 2022

This study showed that a maximum of two eggs per day
could not change the biomarkers associated with CVDs risk
in young, healthy college students. Subjects who ate eggs
at breakfast felt less hungry and more satisfied on the
feeling of full day fullness.
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Immunomodulatory effects of the polysaccharide from Sinonovacula constricta on
RAW264.7 macrophage cells

Zhidong Liu,  Zhifang Liu,  Laihao Li,  Junjie Zhang,  Qiancheng Zhao,  Na Lin,  Wenzhu Zhong,  Mei Jiang

Pages: 1093-1102  First Published: 25 January 2022

The immunomodulatory activities of a novel polysaccharide (SCP-1-1) from Sinonovacula constricta were
examined in RAW264.7 cells. These findings could contribute to elucidate the immunomodulatory
activities of the polysaccharide from Sinonovacula constricta.
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The oxidative and thermal stability of optimal synergistic mixture of sesame and
grapeseed oils as affected by frying process

Maryam Khakbaz Heshmati,  Maryam Jafarzadeh-Moghaddam,  Akram Pezeshki,  Rezvan Shaddel

Pages: 1103-1112  First Published: 15 February 2022

Key findingsa) Mixing grapeseed oil with sesame oil can be
a good way to improve the oxidative stability of grapeseed
oil.b) The mixture of 75% sesame oil and 25% grapeseed oil
as the optimum formulation had the best nutritional
quality and lower cost.c) The optimum mixture of sesame
oil and grapeseed oil is suitable to use as a cooking or salad
oil and not for long-term frying.
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Quinoa flour as a skim milk powder replacer in concentrated yogurts: Effect on their
physicochemical, technological, and sensory properties
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In this work, quinoa flour (QF; 0%, 25%, 50%, 75%, and
100% w/w) was used to replace skim milk powder (SMP) in
concentrated yogurt.
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Formulation and production of persimmon milk drink and evaluation of its
physicochemical, rheological, and sensorial properties

Akbar Jokar,  Mohamad Hossyn Azizi
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Different amounts of persimmon (5, 10, 20, and 30% W/V),
gum Arabic (0.1 and 0.2% W/V), and sugar (3 and 5% W/V)
were used to produce persimmon milk. By applying a
proper content of persimmon in milk, we can produce a
nutritious flavored milk drink with acceptable taste,
stability, and consistency. As this drink has high nutrient
contents like phenol, dietary fiber, vitamins, antioxidants
etc., it can help promote health, especially of children.
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Predictors of the amount of intake of Ready-To-Use-Therapeutic foods among children in
outpatient therapeutic programs in Nairobi, Kenya

Sophie Ochola,  Irene A. Ogada,  Colleta A. Odera

Pages: 1135-1145  First Published: 18 January 2022

Two-hundred caregivers were assessed, where 73% of the children consumed the recommended amount
of RUTF. A smaller proportion (54.4%) of children aged 6–11 months consumed the recommended
amount of RUTF compared to older children. Predictors of amount of RUTF intake were child's birth order
—firstborn (AOR 29.92; 95% CI: 5.67–157.93) and children's age; 12–17 months (AOR 5.19; 95% CI: 2.18–
12.36) and 18–23 months (AOR 6.19 95% CI: 2.62) and caregivers' knowledge and practices in feeding a
child with RUTF.
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Polysaccharides of nutritional interest in jicama (Pachyrhizus erosus) during root
development

Marcela González-Vázquez,  Georgina Calderón-Domínguez,  Rosalva Mora-Escobedo,  Ma. Paz Salgado-
Cruz,  José Honorato Arreguín-Centeno,  Ricardo Monterrubio-López
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Study of Pachyrhizus erosus nutraceutical carbohydrates and glycemic index during root development.
Pachyrhizus erosus nutraceutical carbohydrates are related to the state of maturity of the root, being
inulin the first to be used. Pachyrhizus erosus root can be classified as a low glycemic index food.
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Identification of superior late-blooming apricot (Prunus armeniaca L.) genotypes among
seedling-originated trees

Zeinab Mashhadi,  Ali Khadivi

Pages: 1159-1166  First Published: 18 January 2022

All the 48 late-blooming date apricot (Prunus armeniaca L.) genotypes could be useful as a parent to
improve flowering season of cultivars. Also, among them, 10 genotypes were superior in terms of fruit
quality-related characters, such as fruit weight, fruit color, and fruit taste, and thus they can be singled
out for cultivation.
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Determinants of underweight among children aged 0–23 months in Tanzania

Cypriana Cyprian Moshi,  Penina Joseph Sebastian,  Devotha Gabriel Mushumbusi,  Kaunara Ally Azizi, 
Wessy Pirbhai Meghji,  Malimi Emmanuel Kitunda,  Ladislaus Manaku Kasankala

Pages: 1167-1174  First Published: 18 January 2022

Underweight is recognized as an important indicator of
health and nutritional status in the population.
Determinants of underweight among children aged 0–
23 months in Tanzania are not well documented.
Secondary data analysis on a sample of 4327 children aged
0–23 months was done to determine factors that influence
underweight in Tanzanian children.
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Developing an affordable hyperspectral imaging system for rapid identification of
Escherichia coli O157:H7 and Listeria monocytogenes in dairy products

Phoebe Unger,  Amninder Singh Sekhon,  Xiongzhi Chen,  Minto Michael

Pages: 1175-1183  First Published: 18 January 2022

The objective of this foundational study was to develop and evaluate the efficacy of an affordable
hyperspectral imaging (HSI) system to identify single and mixed strains of foodborne pathogens in dairy
products. With the implementation of kNN (k = 3), overall classification accuracies of 58.97% and 61.53%
were obtained for E. coli O157:H7 and L. monocytogenes, respectively.
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Effect of oligonol, a lychee-derived polyphenol, on skeletal muscle in ovariectomized rats
by regulating body composition, protein turnover, and mitochondrial quality signaling
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Keunyoung Kim
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Oligonol is a low-molecular-weight polyphenol product
derived from lychee (Litchi chinensis Sonn.) fruits. It
empirically demonstrates the efficacy of the natural plant
product oligonol in the amelioration of sarcopenic obesity
associated with estradiol deficiency resulting from
ovariectomy by regulating body composition, protein
turnover, and mitochondrial quality signaling.

Abstract Full text PDF References Request permissions

Large volume headspace GC/MS analysis for the identification of volatile compounds
relating to seafood decomposition

Zhengfang Wang,  Lowri S. de Jager,  Timothy Begley,  Susan Genualdi

Pages: 1195-1210  First Published: 22 January 2022

Large volume headspace GC/MS generated analytical results that can be directly compared to sensory
evaluation. Classification of fresh and decomposed seafood samples was successful. VOCs relating to
seafood decomposition were identified.
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Modeling for extraction of oil from walnut and sesame using batch flow cold press oil
extraction system

Pedram Ghiasi,  Omid Sohrabi,  Edris Rahmati,  Gholamhassan Najafi,  Mazlan Mohamed,  Azim
Ghasemnezhad
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A new cold press oil extraction system was employed for extracting the oil from oilseeds (walnut and
sesame) in the low volume. Sample mass (g), applied pressure (MPa), and processing temperature of oil
(°C) were selected as independent variables. Response surface methodology was employed for statistical
analysis and data optimization. Optimal level of independent variables for walnut and sesame were
8.03 g, 10.41 MPa, and 27.37°C; 20 g, 13.88 MPa, and 27°C, respectively.
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Optimization and characterization of pectin extracted from banana and papaya mixed
peels using response surface methodology

Tanje Mada,  Ramesh Duraisamy,  Fisseha Guesh
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The current study focused on the extraction and optimization of pectin from banana–papaya mixed peel
wastes. The extraction conditions were optimized by the analysis of variance (ANOVA) and response
surface methodology (RSM) approach. The physicochemical and functional properties of the obtained
pectin were also evaluated.

Abstract Full text PDF References Request permissions
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These bars were studied for the compositional analysis (moisture, protein, and lipid content), protein
characterization through sodium dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE), and in
vitro determination of the angiotensin I-converting enzyme (ACE-I) antihypertensive activity. Moisture and
lipid content in bars were 22% and 0.057%–0.313%, respectively, while protein contents varied from
22.3% to 23.6%. Electrophoresis analysis of proteins in bar # 1 (cheese +WPI) showed the four bands at
62, 24, 20, and 12 kDa. Bar #2 (10% roasted chickpea flour) showed some additional bands at 40, 36, 34,
and 28 kDa while relatively lower antihypertensive activity than bars #1 and 3.
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Zebrafish obesogenic test identifies anti-adipogenic fraction in Moringa oreifera leaf
extracts
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We performed zebrafish obesogenic test to identify anti-
adipogenic fraction in Moringa oleifera leaf. Phenotype-
driven zebrafish screening can be a reasonable strategy for
identifying bioactive components in natural products. Using
zebrafish obesogenic test, we identified that the
dichloromethane extract of Moringa oleifera leaf and its
subfraction (Fr. 2) reduced VAT accumulation in young
zebrafish. In the zebrafish VAT, expression of early
adipogenesis markers, cebpb and cebpd, was significantly
(p < .05) decreased by Fr. 2, as was the expression of the
late differentiation marker cebpa. We also confirmed that
the subfractions of Fr. 2 also suppressed adipogenesis in
ZOT and mouse 3T3-L1 preadipocytes.
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Response surface optimization of pudding formulation containing fish gelatin and clove
(Syzygium aromaticum) and cinnamon (Cinnamomum verum) powder: Effect on color,
physicochemical, and sensory attributes of the final pudding product
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In this study, the pudding formulation was optimized
regarding the fish/cow gelatin ratio, cinnamon and clove
powder, and physicochemical as well as sensory analysis.
The optimal FG/BG and cinnamon and clove powder were
introduced 1.479, 0.288, and 0.619%, respectively.
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Fermented Dendrobium officinale polysaccharides protect UVA-induced photoaging of
human skin fibroblasts

Yongtao Zhang,  Shiquan You,  Dongdong Wang,  Dan Zhao,  Jiachan Zhang,  Quan An,  Meng Li,  Changtao
Wang

Pages: 1275-1288  First Published: 07 February 2022

The regulation of human skin fibroblast (HSF) protection mechanism explored by fermented Dendrobium
officinale polysaccharides (FDOP) in this experiment is roughly shown in Figure 7. It is through stimulating
the conduction of Nf-E2-related factor 2/Kelch-like ECH-associated protein 1 (Nrf2/Keap1) and
transforming growth factor-β (TGF-β)/Smads signaling pathways to upregulate the expression of
downstream target genes.
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Immunostimulatory and antioxidant activities of the selenized polysaccharide from edible
Grifola frondosa

Qian Li,  Linfei Zhu,  Xingpu Qi,  Ting Zhou,  Yonglian Li,  Mingjie Cai,  Yuting Yan,  Jian-Ya Qian,  Daxin Peng
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A novel selenized polysaccharide (SeGFP2) from G. frondosa
was prepared. Structural features were elucidated by GC-
MS, methylation, HPSEC-MALLS-RI, etc. SeGFP2 with low
molecule mass exhibited stronger immunostimulatory
ability. A selenized G. frondosa polysaccharide, SeGFP2, was
modified in selenylation by nitric acid–sodium selenite
(HNO3-Na2SeO3) method. Structural features were
investigated, and the lymphocyte proliferation and
antioxidant activities were compared taking GFP2 as
control.
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Identification of the promising olive (Olea europaea L.) cultivars based on morphological
and pomological characters

Ali Khadivi,  Farhad Mirheidari,  Younes Moradi,  Simin Paryan
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The present research demonstrates that local olive cultivars have unique characteristics that differentiate
them from imported cultivars. These sets of data were used to identify unique and desirable cultivars
morphologically. Thus, local cultivars provide novel genetic resources that should be conserved.
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This study was designed to explore functional food
properties of edible fatty oil obtained from Tamjanika seeds
—autochthonous grape variety of Balkan Peninsula.
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Effects of packinghouse operations on the flavor of ‘Orri’ mandarins

James Otieno,  Abiola Owoyemi,  Livnat Goldenberg,  Yossi Yaniv,  Nir Carmi,  Ron Porat

Pages: 1320-1328  First Published: 11 March 2022

The goal of this study was to examine the effects of commercial
packinghouse operations, including the application of hot
fungicides, waxing, and drying, on the flavor of ‘Orri’ mandarins.
The key finding is that commercial waxing significantly increased
ethanol and ethyl ester volatile levels, and somewhat harmed
fruit-flavor acceptability and increased off-flavor sensations.
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 This article corrects the following: 

Nutritional evaluation of complementary porridge formulated from orange-fleshed sweet potato,
amaranth grain, pumpkin seed, and soybean flours
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Abstract
Rheumatoid arthritis (RA) is a chronic autoimmune disease in which inflammation 
and oxidative stress play a key role in its pathophysiology. Complementary therapies 
along with medications may be effective in the control of RA. Propolis is a natural 
substance extracted from beehives, which have confirmed anti-inflammatory and an-
tioxidant effects. The present study aimed to review the possible effects of propolis 
on inflammation, oxidative stress, and lipid profile in patients with RA. English arti-
cles in online databases such as PubMed‑Medline, AMED, Google Scholar, EMBASE, 
Scopus, and Web of Science databases were searched. Pieces of evidence show that 
supplementation with  propolis may have therapeutic effects on RA patients. Due 
to increased inflammation and oxidative stress in the affected joints of RA patients, 
propolis could inhibit the inflammatory cascades by inhibiting the nuclear factor kappa 
B pathway and reducing reactive oxygen species, malondialdehyde, and interleukin-
17 by increasing some antioxidants. Therefore, inflammation and pain reduce, helping 
improve and control RA in patients. Further investigations are required with larger 
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1  |  INTRODUC TION

Rheumatoid arthritis (RA) is a heterogeneous autoimmune and 
systemic disorder in which cytokines and inflammatory responses 
play a key role in its pathogenesis (Lubberts & van den Berg, 2013; 
Nattagh-Eshtivani et al., 2021). Chronic inflammation starts in the 
synovial membrane and develops into subsequent lesions in the joint 
cartilage (Lubberts & van den Berg, 2013). The prevalence of RA is 
estimated at 0.5%–1.0% in the adult population worldwide (Vaghef-
Mehrabany et al., 2016). The risk of mortality is higher in patients 
with RA than in the general population (Helli et al., 2016). Evidence 
suggests that the higher mortality rate of RA patients is due to the 
increased cardiovascular risk (Myasoedova & Gabriel, 2010).

Despite the extensive research that has unveiled some of the 
contributing factors to the initiation and development of RA, the 
exact etiology of the disease remains unknown (Tobón et al., 2010). 
Oxidative stress and inflammation may be significantly involved in 
the physiopathology of RA, and evidence attests to the increased 
level of oxidative stress biomarkers and decreased blood antioxidants 
in patients with RA (Filippin et al., 2008; Kalpakcioglu & Şenel, 2008; 
Kamanlı et al., 2004; Taysi et al., 2002). Furthermore, it is proposed 
that reactive oxygen species (ROS) could cause inflammatory re-
sponses in RA by activating nuclear factor kappa B (NF-κB) (Filippin 
et al., 2008). Therefore, using antioxidant supplements may help re-
duce the symptoms and improve the quality of life in RA patients.

The treatment of RA patients with nonsteroidal anti-inflammatory 
drugs, glucocorticoids, and disease-modifying antirheumatic drugs 
could ameliorate the symptoms, although the patients may expe-
rience complications such as osteoporosis, diabetes mellitus, and 
weight gain; these treatments are also rather expensive (Gautam & 
Jachak, 2009; Mousa et al., 2021; O'Dell, 2004). Therefore, comple-
mentary treatments have attracted the attention of researchers to 
reduce the complications and costs of RA treatment. Studies regard-
ing herbal medicines have confirmed the beneficial effects of medic-
inal plants on the prevention and management of chronic diseases 
such as RA (Ernst, 2010; Kaur et al., 2012; Sarker et al., 2020).

Propolis (bee glue) is a resinous substance that honeybees collect 
from various plants and mix with wax and other secretions for the 
construction and protection of beehives (Barlak et al., 2011; Cardoso 
et al., 2011; Pascoal et al., 2014; Sforcin & Bankova, 2011). Propolis 
contains more than 300 chemical compounds, such as flavonoids 
(flavones, flavanones, flavonols, and dihydroflavonols), fatty acids, 
phenolic acids, aliphatic and aromatic acids, steroids, amino acids, poly-
phenolic acids, alcohols, terpenes, sugars, and esters (Bankova, 2005; 
Barlak et  al.,  2011; Nattagh-Eshtivani et  al.,  2021). The numerous 

biological and pharmacological properties of propolis have also been 
confirmed, including antimicrobial (Scazzocchio et  al.,  2006; Uzel 
et al., 2005), antiviral (Kujumgiev et al., 1999), antifungal (Kujumgiev 
et al., 1999), free radical-scavenging (Ichikawa et al., 2002; Scheller 
et  al.,  1990), anti-inflammatory (Boufadi et  al.,  2021), hepatopro-
tective, anticancer, antioxidant (Russo et  al.,  2002), antineurode-
generative, and immune system-stimulating properties (Farooqui & 
Farooqui, 2012; Sforcin, 2007). Moreover, propolis has been reported 
to positively influence cartilage, bones, and dental pulp regeneration 
(Ramos & Miranda, 2007). The aim of this study was to review the 
previous publications on the anti-inflammatory, antioxidant, and 
cardioprotective effects and also its possible mechanisms related to 
propolis supplementation in RA disease.

2  |  METHODS

A systematic search was carried out in the PubMed‑Medline, AMED, 
Google Scholar, EMBASE, Scopus, and Web of Science databases by 
two independent reviewers (M. M. and H. B.) to identify the relevant 
articles. The key terms, including “propolis,” in combination with “in-
flammation,” “oxidative stress,” “antioxidant,” “anti-inflammatory,” 
“dyslipidemia,” “lipid profile,” “cardiovascular disease,” “heart dis-
ease,” “atherosclerosis,” and “inflammatory markers,” were used for 
an electronic search strategy. After checking the titles and abstracts 
of the resulting articles, all the relevant studies published only in 
English were reviewed subsequently; the eligible animal and clini-
cal trials studies were selected, and duplicate citations were then 
removed.

2.1  |  The effects of propolis supplementation on 
inflammation in RA

Ample evidence suggests that systemic inflammation plays a key 
role in the development and progression of several chronic diseases, 
including RA (Balkarli et al., 2016; Laveti et al., 2013). As such, di-
minishing inflammation may be associated with the reduced risk of 
RA. In addition, environmental factors have been shown to induce 
immune cell responses, causing the immune system to release large 
amounts of pro-inflammatory cytokines (Fox, 2005). Among these 
cytokines, tumor necrosis factor-alpha (TNF-α), interleukin-1 beta 
(IL-1β), and interleukin-6 (IL-6) could cause joint degradation by in-
ducing inflammation and synovial cell activation (Furst et al., 2003; 
Weinblatt et al., 1999; Yaykasli, 2013).

sample sizes and different doses of propolis to demonstrate the definite effects of 
propolis on various aspects of RA.

K E Y W O R D S
inflammation, oxidative stress, propolis, rheumatoid arthritis
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Inflammatory cascades are responsible for the overexpression of 
TNF-α. This cytokine leads to synovitis, articular damage, and over-
production of other cytokines, particularly IL-6, which increases in-
flammation and joint degeneration (Scott et al., 2010). Interleukin-17 
(IL-17) is another pro-inflammatory cytokine, the catabolic effects 
of which are mediated by its ability to stimulate cartilage and bone 
degradation (Figure  1) (Koenders et  al.,  2005; Van Den Berg & 
Miossec, 2009). Therefore, these cytokines are often targeted in the 
treatment of RA patients, and researchers have attempted to effec-
tively prevent and manage the inflammatory cascade by using dietary 
supplements, which have fewer side effects and are cost-efficient.

Propolis as a complementary medicine has been used in the 
treatment of various diseases (Farooqui & Farooqui, 2012; Fukuda 
et al., 2015; Hu et al., 2005; Santos, 2012), and investigations in this 
regard have confirmed that propolis and its flavones could cause 
reduction in inflammation (Afsharpour et al., 2017; De Almeida & 
Menezes, 2002; Jalali et al., 2020). Furthermore, several studies 
have been conducted on animal models (Table 1). Fang et al. (2013) 
reported that 160  mg/kg/day of the ethanol extract of propolis 
(EEP) could significantly decrease IL-6 in mice after 14 weeks of 
treatment. In another study, Corrêa et al. observed that 100 mg/
kg/day of Brazilian red propolis reduced the IL-6 and TNF-α levels 
in mice after 9  days of administration (Corrêa et  al.,  2017). The 
findings of Kismet et al. also demonstrated that the intraperitoneal 
daily dosage of propolis (200 mg/kg) could significantly decrease 

TNF-α and IL-6 in rats with nonalcoholic fatty liver disease after 
2 weeks of treatment (Kismet et al., 2017). In another study, the 
administration of propolis by gavage (500 mg/kg/day) for 4 days 
has shown reduction in the intraperitoneal permeability of mice 
by lowering the effects of inflammatory factors (Lima et al., 2014).

According to the study by Chen et al., propolis gavage (919.5 mg/
kg/day) could decrease serum TNF-α, IL-1β, and IL-6, whereas a 
lower dose (183.9 mg/kg/day) induced moderate responses in terms 
of TNF-α and IL-1β levels (Chen et al., 2018). Furthermore, Cheung K. 
W. et al. reported that Brazilian propolis and its components (artepil-
lin C) inhibited IL-17 production in human CD4 T cells (Cheung et al., 
2011). Therefore, it could be concluded that propolis has antiarthritic 
effects as T-helper 17 cells, which are involved in the pathogenesis 
of RA (Iwakura & Ishigame, 2006; Steinman, 2007). Therefore, it is 
suggested that propolis supplementation in patients with RA could 
control the disease by decreasing the inflammatory cascade and the 
secretion of pro-inflammatory indices. Tables 1 and 2 summarize the 
animal studies and clinical trials regarding the anti-inflammatory ef-
fects of propolis, respectively.

2.2  |  Anti-inflammatory mechanism of propolis

During the inflammation process, macrophages activate and release 
pro-inflammatory cytokines such as TNF-α, IL-1, and IL-6. These 

F I G U R E  1  Hypothetical mechanism of effects of propolis on reduction of inflammation, oxidative stress, and atherosclerosis
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activated macrophages induce the translocation of NF-κB. NF-κB 
activation plays a pivotal role in the production and stimulation of 
various cytokines and inflammatory mediators (TNF-α, IL-1, IL-2, IL-
6, and IL-8) while also participating in the regulation of inflammation 
(Baeuerle, 1991; Surh et al., 2001). Furthermore, NF-κB is critically 
involved in modulating the survival, differentiation, and activation 

of immune cells (Liu et al., 2017). The NF-κB signaling pathway also 
partakes in the production of nitric oxide (NO) by stimulating induc-
ible nitric oxide synthase (iNOS), which is an inflammatory mediator 
(Pahlavani et al., 2019; Xie et al., 1994).

Propolis has potent anti-inflammatory activities (Ying-Hua 
et al., 2012). It reduces the gene expression of iNOS, the cytokines 

TA B L E  1  Summary of animal studies on anti-inflammatory effects of propolis

First author (year) Country Subjects
Administered dose 
of propolis

Duration 
(day) Outcomes Reference

Hu et al. (2005) China Mice 1 ml/100 g – ↓ IL-6 Hu et al. (2005)

Machado et al. 
(2012)

Brazil Mice 5 mg/kg/day 6 ↓ IL-6 and TNF-α levels Machado et al. (2012)

Fang et al (2013) China Mice 160 mg/kg/day 98 ↓ IL-6 Fang et al. (2013)

Hemieda et al. (2015) Egypt Rat 50/100 mg/kg/day 42 ↓ CRP, TGF-β Hemieda et al. (2015)

Elissa et al. (2015) Egypt Rat 0.6 g/kg/day 21 ↓ TNF-α Elissa et al. (2015)

Corrêa et al. (2017) Brazil Mice 100 mg/kg/day 9 ↓ IL-6 and TNF-α levels Corrêa et al. (2017)

Wang et al. (2018) China Rat 300 mg/kg/day 7 Colonic inflammatory 
markers IL-1β, IL-6 
suppressed by propolis

Wang et al. (2018)

Kismet et al. (2017) Turkey Rat 200 mg/kg 14 ↓ TNF-α and IL-6 levels Kismet et al. (2017)

El Rabey et al. (2017) Saudi Arabia Rat 20% w/w 28 ↓ IL-6 El Rabey et al. (2017)

Chen et al. (2018) Taiwan Rat 919.5 mg/kg/day 56 ↓ TNF-α, IL-1β, and IL-6 Chen et al. (2018)

Abbreviations: ↑, increase; ↓, decrease; ↔, no effect; CRP, C-reactive protein; IL, interleukin; TGF-β, transforming growth factor β; TNF-α, tumor 
necrosis factor-alpha.

TA B L E  2  Summary of clinical trials on anti-inflammatory effects of propolis

First author (year) Country
Sample size 
(T/C) Subjects

Type and dose 
of propolis

Duration 
(week) Outcomes Reference

Zhao et al. (2016) China 32/33 T2DM 900 mg/day 18 ↓ TNF-α
↑ IL-6

Zhao et al. (2016)

Khayyal et al. 
(2002)

Egypt 22/24 Patients with mild-to-
moderate asthma

2 ml/day 8 ↓ TNF-α, IL-6, 
and IL-8

↑ IL-10

Khayyal 
et al. (2002)

Fukuda et al. 
(2015)

Japan 41/39 T2DM 226.8 mg/day 8 ↔ CRP, ↔ TNF-α 
and IL-6

Fukuda et al. (2015)

Gao et al. (2018) China 25/30 T2DM 900 mg/day 18 ↑ IL-6 Gao et al. (2018)

Mujica et al. 
(2017)

Chile 35/32 Healthy subjects – 12 ↔ CRP Mujica et al. (2017)

Afsharpour et al. 
(2017)

Iran 30/30 T2DM 1500 mg/day 8 ↓ CRP and 
TNF-α

Afsharpour 
et al. (2017)

Zhu et al. (2018) China 30/30 Elderly subjects 66 mg/day 96 ↓ IL-6 Zhu et al. (2018)

Zakerkish et al. 
(2019)

Iran 50/44 T2DM 1000 mg/day 12 ↓ CRP and 
TNF-α

↔ IL-6

Zakerkish 
et al. (2019)

Gholaminejad 
et al. (2019)

Iran 29/28 Men with 
asthenozoospermia

1500 mg/day 10 ↓ CRP and 
TNF-α

Gholaminejad 
et al. (2019)

Darvishi et al. 
(2020)

Iran 26/24 Patients with breast 
cancer

500 mg/day 12 ↔ TNF-α Darvishi 
et al. (2020)

Soleimani et al. 
(2021)

Iran 24/25 Healthy subjects 900 mg/day 4 ↓ IL 6 Soleimani 
et al. (2021)

Abbreviations: ↑, Increase; ↓, decrease; ↔, no effect; C, control; CRP, C-reactive protein; IL, interleukin; T, treatment; T2DM, type II diabetes mellitus; 
TNF-α, tumor necrosis factor-alpha.
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mediated by NF-κB activation, and the immune response in T cells 
(Banskota et al., 2001; Paulino et al., 2008). Also as demonstrated 
in previous research, propolis components could have directly reg-
ulated the basic immune cell functions (Wolska et al., 2019). For ex-
ample, in lipopolysaccharide-stimulated RAW264.7 macrophages, 
neovestitol, an isoflavonoid derived from propolis, showed an im-
munological modulatory impact by inhibiting NO production and 
lowering pro-inflammatory cytokine levels (Bueno-Silva et al., 2017). 
Propolis extracts and propolis compounds (caffeic acid, phenethyl 
ester, quercetin, and hesperidin) could suppress DNA synthesis 
and the production of inflammatory cytokines (IL-1, IL-12, IL-2, and 
IL-4) in Th1- and Th2-type T cells while enhancing the production 
of transforming growth factor-β1 (TGF-β1) (Ansorge et  al.,  2003). 
Furthermore, the suppression of macrophage activation and dif-
ferentiation has been proposed as one of the possible mechanisms 
causing propolis’ anti-inflammatory and immunological benefits 
(Araujo et al., 2012).

Caffeic acid phenethyl ester (CAPE) is an important component 
of propolis with anti-inflammatory properties (Tolba et  al.,  2013). 
Evidence suggests that CAPE is a potent modulator of arachidonic 
acid (AA) that blocks the release of AA from the cell membrane, 
thereby suppressing the gene expression of lipoxygenase and cyclo-
oxygenase (COX) enzymes (Mirzoeva & Calder, 1996). According to 
various investigations, CAPE is a dominant and selective inhibitor of 
NF-κB activation; CAPE has been shown to inhibit NF-κB activation 
precisely and completely by a wide range of inflammatory stimuli, 
including TNF-α and H2O2 (Ramos & Miranda, 2007).

Propolis also prevents the production of leukotriene and pros-
taglandin. Propolis flavonoids may be responsible for their ef-
fects on the COX enzyme, which has been reported to suppress 
prostaglandin-endoperoxide synthase (Mirzoeva & Calder, 1996). 
In this regard, Woo et al. examined the effects of chrysin on the 
expression of COX-2, reporting that chrysin could significantly 
suppress the expression of COX-2 protein and mRNA (Woo 
et al., 2005). In an in vitro study by Kao et al., the anti-inflammatory 
effects of artepillin C were investigated on mice, and the obtained 
results indicated that artepillin C inhibited prostaglandin E2 syn-
thesis and NO production while also reducing NF-κB activity in 
mice (Kao et al., 2010).

Notably, the anti-inflammatory effects of quercetin have 
been attributed to the downregulation of the extracellular signal-
regulated kinase, p38, Akt, Janus kinase-1, tyrosine kinase 2 (TYK2), 
signal transducer, and NF-κB activator. This compound has also been 
shown to scavenge free radicals (Kao et al., 2010). Furthermore, a 
large number of other flavonoids such as apigenin, galangin, and pi-
nocembrin are found in propolis. Zhang et al. reported that apigenin 
reduced the mRNA levels of IL-1, IL-6, and TNF-α in human THP-1-
derived macrophages (Zhang et al., 2014). In addition, pinocembrin 
significantly reduced the levels of these pro-inflammatory cytokines 
in RAW 264.7 macrophage cells, whereas it significantly increased 
the levels of IL-10 (Soromou et al., 2012). Galangin significantly low-
ered the levels of IL-6 and TNF-α cytokines in the same RAW 264.7 
cell line (Lee et al., 2018). In vivo, oral administration of propolis in 

C57BL/6 mice for 14 days inhibited spleen cell production of IL-1, IL-
6, IL-2, IL-10, and IFN-γ (Missima et al., 2010). Moreover, an ethanolic 
extract of Brazilian propolis inhibited the expression of IL-17 in mice 
with collagen-induced arthritis (Tanaka et al., 2012). Another study 
found that the anti-inflammatory activity of Brazilian green propolis 
in stimulated J774A.1 macrophages is mediated through the inhibi-
tion of NO and pro-inflammatory cytokines such as TNF-α, IL-1, and 
IL-6 (Szliszka et al., 2013). As a result, propolis and its ingredients 
might exert potential natural anti-inflammatory agents that work by 
modifying immune responses.

2.3  |  Effects of propolis in relation to oxidative 
stress in RA

Although the exact etiology of RA remains unknown, several stud-
ies have confirmed the role of ROS in the pathophysiology of the 
disease (Bauerova & Bezek,  2000). ROS are naturally produced 
during aerobic metabolism, and the cells are protected against ROS 
by the antioxidant defense system (Roy et  al.,  2017). When ROS 
production exceeds the capacity of the antioxidant system, oxida-
tive stress occurs and causes metabolic dysfunction and extensive 
damage to fats, proteins, and DNA. Ultimately, the free radicals 
produced from oxygen metabolism destroy the antioxidant system 
(Tao et al., 2018).

In RA, the activation of neutrophils and macrophages (main cells 
of inflammatory synovial fluid) increases the production of ROS, 
which are important mediators of tissue damage in arthritis (Kamanlı 
et al., 2004; Oztürk et al., 1999). On the contrary, malondialdehyde 
(MDA) is the main indicator of lipid peroxidation, which increases 
in synovial fluid of RA patients. Previous findings have suggested 
that MDA increases in the serum, plasma, and synovial fluid in RA 
under normal conditions (Das et al., 2020). Studies have also shown 
that serum antioxidants are lower in RA patients than in healthy indi-
viduals, and the activity of antioxidant enzymes such as glutathione 
peroxidase (GPX), superoxide dismutase (SOD), and catalase (CAT) 
is altered in the serum of these patients. However, contradictory re-
sults have been proposed in this regard (Akyol et al., 2001; Kiziltunc 
et al., 1998; Sarban et al., 2005).

In addition to acting as a protective mechanism against ROS, an-
tioxidants could suppress the expression of the cytokines and col-
lagenase induced by TNF-α, which is also a protective mechanism 
against arthritis (Halliwell et al., 1988; Sato et al., 1996). It is hypothe-
sized that natural compounds with antioxidant properties may exert 
protective effects against RA (Bae et al., 2003; Wang et al., 2019). 
Propolis is a natural compound that is expected to be effective in re-
ducing oxidative stress levels (Abass et al., 2017; Mujica et al., 2017; 
Pahlavani et  al.,  2020). Several studies have demonstrated that 
propolis could also decrease oxidative stress-related markers (MDA) 
and increase free radical scavenging enzymes (SOD and GPX) and 
the total antioxidant capacity (TAC) (Afsharpour et al., 2019; Jasprica 
et  al.,  2007). Table  3 presents the summary of the animal studies 
investigating the effects of propolis on oxidative stress.

 20487177, 2022, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/fsn3.2684 by N

at Prov Indonesia, W
iley O

nline L
ibrary on [07/03/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



1008  |    NATTAGH-ESHTIVANI et al.

TA B L E  3  Summary of animal studies on the effects of propolis on oxidative stress

First author (year) Country
Animal 
species Propolis dosage

Duration 
(day) Outcomes Reference

Remirez et al. (1997) Cuba Rat 25, 50, and 100 mg/
kg/day

– ↓ MDA in liver Remirez et al. (1997)

Chopra et al. (1995) India Rat 50 and 100 mg/kg/day – ↓ MDA Chopra et al. (1995)

Rodriguez et al. (1996) Cuba Rat 10, 50, and 100 mg/
kg/day

– ↓ MDA Rodriguez et al. (1997)

Ilhan et al. (1999) Turkey Rabbit 10 μmol/kg/day – ↓ MDA Ilhan et al. (1999)

Ozyurt et al. (2001) Turkey Rat 10 μmol/kg/day – ↓ MDA Ozyurt et al. (2001)

Shinohara et al. (2002) Japan Rat – – ↓ LPO Shinohara et al. (2002)

Shukla et al. (2004) India Rat 200 mg/kg/day – ↓ LPO
↑ Hepatic GSH level

Shukla et al. (2004)

Hu et al. (2005) China Rat 1 ml/100 g 56 ↓ Fructose amine and MDA
↑ SOD

Hu et al. (2005)

Tan-no et al. (2006) Japan Mice At dilutions of 1:100 and 
1:1000

– ↓ NO production Tan-no et al. (2006)

Sobocanec et al. 
(2006)

Croatia Mice 100 mg/kg/day – ↑ CAT and SOD
↓ TBARS

Sobocanec et al. (2006)

Eraslan et al. (2007) Turkey Rat 200 mg/kg/day 7 and 21 ↔ Antioxidant enzymes and 
MDA levels

Eraslan et al. (2007)

Nirala and Bhadauria 
(2007)

India Rat 100 and 200 mg/kg/day – GSH was restored by 
propolis treatment

Nirala and Bhadauria 
(2008)

Kismet et al. (2008) Turkey Rat 100 mg/kg/day 7 ↓ Plasma and liver levels of 
MDA

↑ Liver GPX activities

Kismet et al. (2008)

Kanbur et al. (2008) Turkey Rat 100 mg/kg/day 28 ↓ MDA levels
↑ SOD, CAT, and GPX

Kanbur et al. (2009)

Alyane et al. (2008) Algérie Rat 100 mg/kg/day 4 ↓ MDA formation and 
production of superoxide 
anion

Alyane et al. (2008)

Yousef et al. (2009) Egypt Rat 50 mg /kg/day 70 ↓ TBARS
↑ GSH, CAT, and GST

Yousef et al. (2009)

Zhao et al. (2009) China Mice 200 mg/kg/day 3 Propolis inhibited lipid 
peroxidation and oxidized

↑ GSH

Zhao et al. (2009)

Abo-Salem et al. 
(2009)

Egypt Rat 100, 200, and 300 mg/
day

40 ↓ MDA
↑ GSH and SOD activities

Abo-Salem et al. (2009)

El-Sayed et al. (2009) Egypt Rat 200 mg/kg/day 35 ↓ MDA pancreatic content 
and serum NO

↑ Serum GSH and CAT 
activities

↑ Pancreatic SOD activities

El-Sayed et al. (2009)

Khalil et al. (2010) Egypt Rat Dietary propolis powder 
(0.1% and 0.2%)

42 ↓ MDA
↑ GSH, SOD, and CAT 

activities

Khalil and El-Sheikh 
(2010)

Nader et al. (2010) Egypt Rabbit 75 mg/kg/day 28 ↓ TBARS
↑ GSH

Nader et al. (2010)

Seven et al. (2010) Turkey Broiler 1 g/kg/day 42 ↓ MDA Seven et al. (2010)

Zhu et al. (2010) China Rat 100 mg/kg/day 56 ↓ MDA and NOS
↑ SOD and GPX

Zhu et al. (2011)

Bhadauria (2011) India Rat 200 mg/kg/day 14 ↓ TBARS
↑ CAT and GSH

Bhadauria and Medicine 
(2012)

Zhu et al. (2011) China Rat 100 mg/kg/day 56 ↓ Blood and renal MDA Zhu, Chen, et al. (2011)
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First author (year) Country
Animal 
species Propolis dosage

Duration 
(day) Outcomes Reference

Garoui et al. (2011) Tunisia Rat 1 g propolis/100 g diet – Propolis ↑ activity of 
antioxidant enzymes 
(GPX, CAT, and SOD) and 
the level of GSH in the 
kidney

Garoui et al. (2012)

Yonar et al. (2011) Turkey Rainbow 
trout

50 mg/kg/day 14 ↓ MDA
↑ SOD, GPX, GSH, and CAT

Yonar et al. (2011)

Attia et al. (2012) Egypt Rat 50 mg/kg/day 70 ↑ CAT, SOD, and GPX
↓ LPO

Attia et al. (2012)

Oršolić et al. (2012) Croatia Mice 50 mg/kg/day 7 ↓ MDA content in liver and 
kidney

Oršolić et al. (2012)

Gulhan et al. (2012) Turkey Rainbow 
trout

10, 20, and 30
PPM

96 hr ↓ MDA Fuat Gulhan et al. (2012)

Selamoglu-Talas et al. 
(2013)

Turkey Rat 200 mg/kg/day 5 ↑ CAT activity
↓ MDA

Selamoglu-Talas 
et al. (2013)

El-Awady et al. (2013) Egypt Isolated rat 
aorta

400 μg/ml 3 hr In vitro:
↑ SOD
↓ MDA

El-Awady et al. (2014)

Newairy et al. (2013) Egypt Rat 50 mg/kg/day 28 ↓ TBARS
↑ CAT, SOD, and GSH

Newairy and Abdou 
(2013)

Su et al. (2014) Taiwan Hepatic 
stellate 
cells of 
rat

200 and 400 mg/kg/day 28 ↓ MDA Su et al. (2014)

Abou-Zeid et al. (2015) Egypt Chick 0, 125, 250, and 
500 mg/kg/day

42 ↓ MDA
↑ SOD, GPX, and CAT 

activity

Abou-Zeid et al. (2015)

Hemieda et al. (2015) Egypt Rat 50 or 100 mg/kg/day 42 ↓ MDA
↑ GSH, SOD, CAT, and TAC

Hemieda et al. (2015)

Sameni et al. (2015) Iran Rat 100 and 200 mg/kg/day 42 ↓ MDA
↑ The activity of SOD and 

GPX

Sameni et al. (2016)

Al-Hariri et al. (2015) Saudi Arabia Rat 0.3 g/kg/day 14 ↓ TBARS Al-Hariri et al. (2016)

Elissa et al. (2015) Egypt Rat 0.6 g/kg/day 21 ↓ MDA
↑ GSH

Elissa et al. (2015)

Kismet et al. (2017) Turkey Rat 200 mg/kg/day 14 ↑ Total thiol
↓ MDA

Kismet et al. (2017)

Arslan et al. (2016) Turkey Japanese 
quail

0.5, 1, and 1.5 g/kg/day 8–42 ↓ MDA Sur Arslan and Tatlı 
Seven (2017)

Gul Baykalir et al. 
(2016)

Turkey Rat 100 mg/kg/day – ↓ MDA
↑ GSH and CAT level

Baykalir et al. (2018)

Bazmandegan et al. 
(2017)

Iran Mice 100 and 200 mg/kg 24 and 
48 hr

↑ SOD and GPX activity
↓ LPO

Bazmandegan 
et al. (2017)

Gong et al. (2017) China Mice 10 μmol/kg/day 28 ↓ MDA and NO
↑ SOD and CAT activities 

and GSH

Gong et al. (2017)

El Rabey et al. (2017) Saudi Arabia Rat 20% w/w 28 ↓ MDA
↑ CAT, SOD, and GST

El Rabey et al. (2017)

Alm-Eldeen et al. 
(2017)

Egypt Mice 0.2 mg/kg/day 14 ↓ MDA
↑ GSH, CAT, and SOD

Alm-Eldeen et al. (2017)

Rivera-Yañez et al. 
(2018)

Mexico Mice 300 mg/kg/day 15 ↑ SOD, CAT, and GPX Rivera-Yañez et al. (2018)

Udo Nna et al. (2018) Malaysia Rat 300 mg/kg/day 28 ↑ SOD, CAT, GPX, GSH, GST, 
and GSR

↓ MDA

Nna et al. (2018)

TA B L E  3  (Continued)

(Continues)
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In a clinical trial conducted by Mujica et al. (2017), propolis sup-
plementation (15 drops twice a day) was reported to decrease thio-
barbituric acid reactive substances and increase plasma glutathione 
(GSH). However, other studies have not confirmed the significant 
effects of propolis on improving oxidative stress (Gao et al., 2018; 
Zhao et al., 2016). According to Ebeid et al. (2016), consuming prop-
olis capsules (1200 mg/day) for 10 days before radiotherapy signifi-
cantly decreased MDA and increased TAC during and 10 days after 
the treatment. Furthermore, Hesami et al. conducted a double-
blind, randomized-controlled trial on 62 patients with type II dia-
betes, reporting that propolis supplementation (500 mg/kg; thrice 
a day) improved the antioxidant defense mechanisms after 8 weeks 
by increasing the CAT activity (Hesami et  al.,  2019). The overex-
pression of mitochondrial catalase has been shown to diminish 
the incidence of arteriosclerosis in mice while exerting protective 
effects against cardiovascular dysfunction and injuries in human 
subjects (Lei et al., 2016; Tehrani & Moosavi-Movahedi, 2018). In 
this regard, Gao et al. reported that after 18 weeks of consuming 
Chinese propolis, a significant increase was observed in the serum 
GSH, flavonoids, and polyphenols of patients with type II diabe-
tes (Gao et al., 2018). Recently Soleimani et al. also observed that 
the administration of propolis (450 mg/kg twice daily) significantly 
increased the levels of GSH and TAC and decreased total oxidant 
status (TOS) and MDA after 4  weeks of intervention (Soleimani 
et al., 2021).

According to the literature, the main antioxidant mechanisms 
of propolis polyphenols may be associated with their scavenging 
effects on ROS, while nitrogen species and chelating metal ions 
may also be involved in the production of free radicals, reduction 
of xanthine oxidase reaction, and synergistic effects with other 
antioxidants (Kurek-Górecka et  al.,  2013; Mujica et  al.,  2017). It 
is known that phenolic compounds, such as those found in prop-
olis, act as antioxidants by interrupting the chain reaction of lip-
ids (Torel et  al.,  1986), blocking chemiluminescence processes 
(Georgetti et  al.,  2003), and scavenging ROS (Bors et  al.,  1990). 
The antioxidant and reductive capacity of propolis against ROS 
could be attributed to two main mechanisms, namely the capac-
ity of CAPE in activating NrF2 transcription factor (a regulatory 

protein associated with antioxidant protection and improvement in 
antioxidant enzymes) and the phenolic acid and flavonoid contents 
of propolis (CAPE, quercetin, apigenin, p-coumaric acid, cinnamic 
acid, and p-vanillin), which neutralize free radicals and oxidant 
compounds (Ichikawa et  al.,  2002; Lee et  al.,  2010). Moreover, 
propolis has been shown to significantly enhance vitamin C levels 
in the plasma, kidney, stomach, small intestine, and colon (Seven 
et al., 2010). Propolis could be absorbed through the bloodstream 
and act as a hydrophilic antioxidant in the absorption of vitamin C 
(Seven et al., 2010). Figure 1 represents the hypothetical mecha-
nism of the effects of propolis on the reduction of inflammation 
and oxidative stress.

2.4  |  Cardioprotective effects of propolis in RA

Rheumatoid arthritis is an inflammatory disease associated with 
the increased risk of cardiovascular mortality and morbidity (Aviña-
Zubieta et al., 2008; Gonzalez-Gay et al., 2005). However, the exact 
mechanism of the elevated risk of cardiovascular diseases (CVDs) 
in RA patients should be further explored. The increased risk of 
CVD in RA patients may be due to dyslipidemia. Several observa-
tional studies have demonstrated that RA is associated with nega-
tive effects on lipid profile (Boers et  al.,  2003; Park et  al.,  1999, 
2002). Dyslipidemia causes atherosclerosis and CVD (Nelson, 2013; 
Tietge, 2014), whereas reduced serum cholesterol leads to a signifi-
cantly lower risk of CVD (González-Gay & González-Juanatey, 2014; 
Stamler et al., 2000). Furthermore, inflammation in RA patients plays 
a pivotal role in disease progression (González-Gay & González-
Juanatey,  2014). Scientific evidence suggests that chronic inflam-
mation in patients with RA is associated with a higher risk of CVD 
(Gonzalez-Gay et al., 2007; Gonzalez-Gay et al., 2005). Inflammation 
causes oxidative changes, which influence the structure of high-
density lipoprotein (HDL) and decrease apolipoprotein-A1 in RA 
patients (Charles-Schoeman et al., 2009). In addition, the levels of 
the antioxidant enzyme associated with HDL (paraoxonase-1) have 
been reported to be lower in patients with RA compared to healthy 
controls (Charles-Schoeman et al., 2012).

First author (year) Country
Animal 
species Propolis dosage

Duration 
(day) Outcomes Reference

Aydin et al. (2018) Turkey Rabbit 200 mg/kg/day 28 ↓ MDA
↑ GPX and CAT

Aydin et al. (2018)

Chen et al. (2018) Taiwan Rats 183.9 and 919.5 mg/
kg/day

56 ↑ SOD and GPX
↓ TBARS

Chen et al. (2018)

Abdel-Rahman et al. 
(2019)

Egypt Rat 50 and 100 mg/kg/day – ↓ MDA
↑ SOD, CAT, GPX, and GSH

Abdel-Rahman 
et al. (2020)

Shi et al. (2019) China Rat 200 mg/kg/day 84 ↓ ROS
↓ RNS

Shi et al. (2019)

Abbreviations: ↑, increase; ↓, decrease; ↔, no effect; C, control; CAT, catalase; GPX, glutathione peroxidase; GSH, glutathione; GSR, glutathione 
reductase; GST, glutathione S-transferases; LPO, lipid peroxidation; MDA, malondialdehyde; NO, nitric oxide; NOS, nitric oxide synthases; RNS, 
reactive nitrogen species; ROS, reactive oxygen species; SOD, superoxide dismutase; T, treatment; TAC, total antioxidant capacity; TBARS, 
thiobarbituric acid reactive substances.

TA B L E  3  (Continued)
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The cardioprotective effects of propolis have been confirmed in 
several studies (Ahmed et al., 2017; Alyane et al., 2008; Daleprane 
& Abdalla, 2013). The in vitro and in vivo studies in this regard have 
also clarified the molecular mechanisms of these effects, some of 
which include the improvement in glucose and lipid profiles; re-
duced activity of scavenger receptors, inflammatory cytokines, 
and oxidative stress; improvement in endothelial function; and 
prevention of platelet aggregation (Daleprane & Abdalla,  2013). 
Moreover, numerous findings have indicated that polyphenols re-
duce CVD risk and inhibit the formation of atherosclerosis plaques 
(Gorinstein et  al.,  2011; Grassi et  al.,  2008; Norata et  al.,  2007). 
Therefore, propolis is considered as an abundant source of poly-
phenols with a potential role in preventing cardiovascular events.

Propolis has beneficial effects on the regulation of lipid and lipo-
protein metabolism. Previous findings have indicated that propolis 
administration led to reducing liver cholesterol and triglyceride lev-
els and hepatic triglyceride synthesis in rats (Daleprane et al., 2012; 
Hu et  al.,  2005). Moreover, treatment with Brazilian propolis in 
low-density lipoprotein (LDL) receptor knockout mice decreased 
the levels of triacylglycerol (TAG), total cholesterol (TC), and non-
HDL-C (Daleprane et al., 2012). The mice receiving propolis treat-
ment also experienced a significant reduction in TAG and TC, as well 
as increased HDL-C, compared to the untreated mice. On the same 
note, Turkish propolis has been reported to prevent alcohol-induced 
acute liver injury and lipid deposition, exerting positive effects on 
the lipid profile. Notably, in the mice receiving propolis treatment 
and alcohol, HDL levels have been reported to be high, and LDL was 
observed to be lower compared to the mice receiving alcohol only 
(Kolankaya et al., 2002).

In other studies, propolis has shown favorable effects on the 
HDL and LDL levels of rats (Hu et al., 2005). For instance, admin-
istration of propolis in diabetic rats led to decreased levels of TC, 
LDL-C, very-low-density lipoprotein (VLDL), and TAG. These find-
ings highlight the role of propolis in the regulation of lipid metab-
olism, as well as its contribution to the status of lipid abnormalities 
(Hu et al., 2005). Daleprane et al. hypothesized that propolis might 
prevent atherosclerosis. On the contrary, treatment of LDL recep-
tor gene (LDLr−/−) mice with the extracted polyphenols of propolis 
has been reported to decrease the area of atherosclerotic lesions 
(Daleprane et  al.,  2012) and prevent the development of athero-
sclerosis in the treated LDL r−/− mice by improving the lipid profile 
and downregulating pro-inflammatory cytokines, chemokines, and 
angiogenic factors. In the mentioned study, propolis administration 
also decreased the mRNA expression of several genes (MCP-1, INF-
g, IL-6, CD36, and TGF-β), which play a key role in the atherosclerotic 
process (Daleprane et al., 2012).

Previous studies have demonstrated the beneficial ef-
fects of propolis on the lipid profile (Burdock,  1998; Castaldo & 
Capasso, 2002; Hu et al., 2005; Munstedt & Zymunt, 2001; Murata 
et  al.,  2004; Nader et  al.,  2010). For instance, Kolankaya et al. 
conducted an animal study and reported that the EEP at 200 mg/
kg BW/day decreased LDL levels and increased HDL levels in rats 
(Kolankaya et al., 2002). Consistently, the results of another study 

indicated that the extracted polyphenols of red propolis significantly 
lowered TAG and TC and increased HDL-C in the LDL r−/− knockout 
mice (Daleprane et al., 2012). In a clinical trial conducted by Mujica 
et al., propolis supplementation for 90 days significantly increased 
HDL levels and decreased the systolic and diastolic blood pressure, 
thereby reducing the risk of CVDs (Mujica et al., 2017). In contrast, 
Samadi et al. indicated that supplementation with propolis (900 mg/
day), in comparison with placebo, after 12  weeks had no signifi-
cant effects on lipid profile (LDL, HDL, TC, TG, and VLDL) (Samadi 
et al., 2017). Also, Fukuda et al., in a randomized, controlled 8-week 
trial, investigated the effect of Brazilian green propolis (226.8 mg/
day). There were no significant effects of the propolis supplements 
on LDL, HDL, TC, and TG (Fukuda et  al.,  2015). Recently, Salehi-
Sahlabadi et al.  (2020) in a systematic review and meta-analysis of 
randomized-controlled trials, indicated that propolis consumption is 
associated with a decrease in TG levels as well as an increase in HDL 
levels.

The proposed hypocholesterolemic mechanism of propolis is 
through the protein expression of the ATP-binding cassette (ABC) 
transporters A1 and G1 (ABCA1 and ABCG1) (Gorinstein et al., 2011). 
Various types of propolis could increase ABCA1 gene expression (Ichi 
et al., 2009; Koya-Miyata et al., 2009), which in turn increases HDL 
and enhances the cholesterol efflux from the peripheral tissue (Chung 
et al., 2010; Daleprane et al., 2012; Nader et al., 2010). Therefore, 
propolis may improve the lipid profile by upregulating ABCA1 gene 
expression. In addition, the ethanol extract of Brazilian red propolis 
has been reported to increase the ABCA1 promoter activity in THP-1 
macrophages (Iio et al., 2012). Given that patients with RA have im-
paired ATP-binding cassette G1-mediated CEC due to the disease 
activity and its complications (Ronda et  al., 2014), propolis supple-
mentation may effectively decrease the disease symptoms, thereby 
decreasing the risk of CVDs. Simultaneously with the increase in the 
ABCA1 cassette, Brazilian red propolis could upregulate ApoA-1, 
which is involved in the cholesterol efflux by macrophages. The ef-
fects of propolis on ABCA1 could be attributed to the activation of 
PPARγ and LXRα (Iio et al., 2012). Table 4 presents a summary of the 
animal studies regarding the effects of propolis on the lipid profile.

In vitro and in vivo data have proposed that the positive prop-
erties of propolis, which have an effect on the lipid profile, could 
be involved in the atheroprotective effects of this compound. 
Furthermore, scientific reports suggest that the polyphenols ex-
tracted from propolis may be effective in the prevention of athero-
sclerosis (Salehi-Sahlabadi et al., 2020; Silva et al., 2011).

Nitric oxide is an endothelium-derived relaxing factor with va-
sodilatory and antiaggregative properties, which protects the blood 
vessels at low concentrations. However, the excessive NO produced 
by inflammatory cells may react with other nitrogen and oxygen spe-
cies and stimulate oxidative stress (Ali et al., 2014). Several studies 
have reported increased NO levels in the serum of patients with 
RA (Ali et  al.,  2014; Ersoy et  al.,  2002; Mahmoud & Ismail,  2011). 
According to an animal study, propolis intake in diabetic mice resulted 
in the reduction of NO and NOS levels (Hu et al., 2005). Propolis re-
duces NO levels by decreasing NOS activity, thereby protecting the 
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endothelial cells of the blood vessels. Furthermore, the EEP could 
prevent NO production by reducing iNOS expression in Raw 264.7 
macrophages and inhibiting the catalytic activity of iNOS. On the 
contrary, excessive NO production is involved in the cardiovascular 
inflammatory process, and propolis may affect the regulation of NO 
levels through its anti-inflammatory activities.

2.5  |  Strengths and limitations

This review study aimed to assess the effects of propolis on inflam-
mation, oxidative stress, and cardiometabolic indices in RA patients. 
The main limitation of our study was the heterogeneity of the 

reported data in the reviewed studies, and quality assessment of the 
studies might have led to more accurate results for the generaliza-
tion of the data. To the best of our knowledge, this is the first review 
study that has gathered an in-depth scientific demonstration of the 
possible effects of propolis on patients with RA.

3  |  CONCLUSION

The present study suggested that propolis may have beneficial ef-
fects on oxidative stress biomarkers and inflammation process in 
RA patients due to its potent antioxidant and polyphenolic proper-
ties. Further studies particularly clinical trials must be conducted to 

TA B L E  4  Summary of animal studies on effects of propolis on lipid profile

First author (year) Country
Animal 
species Propolis dosage

Duration 
(day) Outcomes Reference

Kolankaya et al. 
(2002)

Turkey Rat 200 mg/kg/day 15 ↓ TC and TG
↑HDL-C

Kolankaya et al. (2002)

Hu et al. (2005) China Rat 1 ml/100 g 56 ↓ TC, TG, LDL-C, and 
VLDL-C

↑ HDL-C

Hu et al. (2005)

Abo-Salem et al. 
(2009)

Egypt Rat 100, 200, and 300 mg/
kg/day

40 ↓ Cholesterol, TG, LDL-
C, and VLDL-C

↑ HDL-C

Abo-Salem et al. (2009)

Nader et al. (2010) Egypt Rabbit 75 mg/kg/day 28 ↓ TC, TG, and LDL-C
↑ HDL-C

Nader et al. (2010)

Zhu et al. (2011) China Rat 10-mg propolis per 100 g/
kg/day

56 ↓ TC Zhu, Li, et al. (2011)

Bhadauria (2011) India Rat 200 mg/kg 14 ↓ TG and TC Bhadauria (2012)

Li et al. (2012) China Rat 50, 100, and 200 mg/kg/
day

70 ↓ TG
↔ TC, HDL-C, and 

LDL-C

Li et al. (2012)

Fang et al. (2013) China Mice 160 mg/kg/day 98 ↓ TC, TG, and 
non-HDL-C

Fang et al. (2013)

Newairy et al. (2013) Egypt Rat 50 mg/kg/day 28 Normalized the TC, TG, 
and LDL-C

↑ HDL-C

Newairy and Abdou 
(2013)

Alqayim (2015) Iraq Rabbit 50 mg/kg/day 60 ↓ TC, TAG, and LDL-C
↑ HDL-C

Alqayim (2015)

Al Ghamdi et al. 
(2015)

Saudi Arabia Mice 100 mg/kg/day 28 ↓ LDL-C
↑ HDL-C

Al Ghamdi et al. (2015)

Elissa et al. (2015) Egypt Rat 0.6 g/kg/day 21 ↓ TC, LDL-C, and TG
↑ HDL-C

Elissa et al. (2015)

Albokhadaim (2015) Saudi Arabia Rat 1% and 2% of cholesterol 
diet

14 ↓ TG and TC Albokhadaim (2015)

Kismet et al. (2017) Turkey Rat 200 mg/kg/day 14 ↓ TC, non-HDL-C, and 
TG

Kemal Kismet et al. (2017)

Gong et al. (2017) China Mice 10 μmol/kg/day 28 ↓ TC, TG, and LDL-C
↑ HDL-C

Gong et al. (2017)

Chen et al. (2018) Taiwan Rat 183.9 and 919.5 mg/kg/
day

56 ↓ TC, LDL-C, and TG
↑ HDL-C

Chen et al. (2018)

Ibrahima et al. (2019) Egypt Rat 100 mg/kg/day 28 ↓ TC, LDL-C, and TG
↑ HDL-C

Ibrahim et al. (2019)

Abbreviations: ↑, increase; ↓, decrease; ↔, no effect; C, control; HDL, high-density lipoprotein; LDL, low-density lipoprotein; T, treatment; TC, total 
cholesterol; TG, triglyceride.
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demonstrate the definitive effects of propolis on multiple aspects 
of RA disease.
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