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Abstract Royal jelly is a yellowish to white gel-like substance that is known as a
“superfood” and consumed by queen bees. There are certain compounds in royal
jelly considered to have health-promoting properties, including 10-hydroxy-2-
decenoic acid and major royal jelly proteins. Royal jelly has beneficial effects on
some disorders such as cardiovascular disease, dyslipidemia, multiple sclerosis, and
diabetes. Antiviral, anti-inflammatory, antibacterial, antitumor, and immunomodu-
latory properties have been ascribed to this substance. This chapter describes the
effects of royal jelly on COVID-19 disease.
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1 Introduction

Royal jelly is a yellowish-to-white jelly and creamy-like substance formed from the
hypopharyngeal and mandibular glands of worker bees. It is known as a “super-
food” and is consumed by queen bees [1-3]. Moreover, it is one of the most fruitful
remedies for humans in both modern and traditional medicine. The properties of
antiviral, anti-inflammatory, antibacterial, antitumor, and immunomodulatory have
been ascribed to this substance. Other beneficial bioactive compounds reported in
royal jelly include fatty acids, proteins, adenosine, acetylcholine, polyphenols, and
some hormones (such as estradiol, progesterone, and testosterone) [4, 5]. Chemically,
royal jelly consists of certain basic components such as water (50-60%), proteins
(18%), carbohydrates (15%), lipids (3—6%), mineral salts (1.5%), and vitamins [6].
The main unique fatty acid of royal jelly is trans-10-hydroxy-2-decenoic acid (10-
HDA), which has multiple biological properties [7-10]. Moreover, more than half
of the proteins in royal jelly are termed the major royal jelly proteins (MRJPs),
which also affect several biological pathways [11].
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One of the properties of royal jelly is due to its capability to regulate oxidative
stress in the body [12]. The flavonoids and phenolic acids of royal jelly are part of
phenolic class of compounds that can have an antioxidant impact [13, 14]. These
confer protection of cell membranes from damage caused by over-production of
free radicals [15]. Royal jelly collected 24 h after larval transfer showed the most
substantial antioxidant activities. Other factors like initial larval age and time of
harvest also have an impact on the antioxidant properties in royal jelly [16]. The
antioxidants in royal jelly have been shown to block reactive oxygen species (ROS)
production and support the antioxidant system in a rat model [17]. Also, in other
animal studies, it was observed that royal jelly protected the kidneys from nephro-
toxicity caused by cadmium and fluoride, most likely due to its antioxidant and
anti-inflammatory effects [18, 19]. Royal jelly suppresses the production of several
proinflammatory cytokines such as interleukin-6 (IL-6), IL-1, and tumor necrosis
factor o (TNF-a). Additionally, royal jelly reduces capillary permeability in the
acute phase of inflammation causing a lower inflammatory response in the human
body [20].

Royal jelly has various biological effects on the human body. An intervention
with RJ for 3 months significantly decreased total cholesterol (TC) and low-density
lipoprotein cholesterol (LDL-c) levels by improving the levels of dehydroepian-
drosterone sulfate (DHEA-S) [21]. Another study investigated the effect of 6 weeks
of selective aerobic exercise and consumption of royal jelly on liver enzymes of
multiple sclerosis patients [22]. This showed that royal jelly administration signifi-
cantly reduced biomarkers of liver damage (aspartate transaminase and alanine
transaminase) in these patients. Another study revealed that the administration of
royal jelly may be beneficial in weight management of diabetes patients [23]. Also,
royal jelly can improve erythropoiesis, glaucous control, and mental health [21]. In
another study of multiple sclerosis, royal jelly administration in combination with
exercise found a decrease in high-sensitivity C-reactive protein (hs-CRP), TNF- a,
and neutrophils [13]. Additionally, 10-HDA can elevate the synthesis of ovulation
hormones, maintaining a lower expression of follicle-stimulating hormone (FSH)
and luteinizing hormone (LH) in young ovarian cells [24]. Royal jelly administra-
tion also shortened the cure duration of desquamated skin lesions [25]. A random-
ized controlled trial recommended that intensive care unit (ICU) patients who are
connected to a ventilator inhaled forms of propolis and royal jelly as use of these
compounds as adjuvant therapy for COVID-19 treatment helped to reduce disease
symptoms [26]. Moreover, many studies have advocated potential antiviral effects
of bee products such as royal jelly, honey, propolis, and bee bread, by the direct
impact of various bioactive components of these such as peroxides, flavonoids, and
phenolics [27].

The key proteins in royal jelly are the MRJPs. MRJP2 and MRJP2 isoform X1
represent two functional dietary proteins present in royal jelly that through their
sialidase activity and ability to interact with the angiotensin-converting enzyme 2
(ACE2) binding site of the viral spike receptor-binding domain (RBD) complex are
thought to block binding of the SARS-CoV-2 virus to host cells. According to dock-
ing analysis, these MRIJPs also bind to the active site or cofactor binding site
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residues of the SARS-CoV-2 non-structural proteins (NSP) 3, NSP5, NSP9, NSP12,
and NSP16 and inhibit their activity. Moreover, these proteins may prevent viral
synonyms in the lung, such as hypoxia and related pathogenesis, because of their
ability to efficiently bind to most of the oxyhemoglobin and deoxyhemoglobin
binding sites on the viral NSPs [28]. In addition, MRJP 3, a glycoprotein isolated
from water extract of royal jelly was proposed to have immunosuppressive and anti-
inflammatory impacts on T cells and peritoneal macrophages in rat models [6].
Furthermore, the antiviral impact exhibited by royal jelly can also be used as a
prophylactic agent because of its favorable effect on immune tone [29]. The alkaline
and water obtained from royal jelly have also been shown to be an effective scaven-
ger against ROS [30]. From these properties, it has been proposed that royal jelly
administration could be used to diminish the effects of COVID-19 infection [31].

Another effective compound in royal jelly is 3,10-dihydroxy-decanoic acid
(3,10-DDA). This molecule has been demonstrated to stimulate maturation of
human monocyte-derived dendritic cells (MoDCs) and polarized T cells, contribut-
ing to an antiviral immune response [32]. A study in a rat model showed production
of antibodies and proliferation of immune-competent cells in animals that received
royal jelly supplementation [29, 33].

Other peptides obtained from royal jelly, such as the jelleines (jelleine I-IV), can
be effective in controlling co-infections in patients with COVID-19 [1]. The result
of a systematic review study showed that 7% of hospitalized patients with COVID-19
had co-infections, which was reported to be twice as high in ICU-admitted patients
[34], and such co-infections were found to be reduced in royal jelly—administered
patients [33].

In the absence of special antiviral drugs against SARS-CoV-2, apitherapy using
royal jelly and related substances may offer hope of relieving some of the risks
associated with COVID-19 disease [35-37]. In this review, the effectiveness of
royal jelly on biomarkers relevant to the study of COVID-19 disease are reviewed.
The effects of royal jelly on various parameters that have been investigated in these
different studies are summarized in Table 24.1 and Fig. 24.1.

2 Inflammatory Biomarkers

Mounting evidence during the COVID-19 crisis has shown the detrimental role of
the inflammatory response associated with this viral infection, which is responsible
for pulmonary complications in these patients, leading to acute respiratory distress
syndrome (ARDS) and ultimately septic shock or multi-organ system failure
(MOSF) [38—41]. In this inflammatory response, uncontrolled production of inflam-
matory cytokines is observed [39, 42]. Under these conditions, the clinical manifes-
tations of the disease may be accompanied by a systemic increase in inflammatory
mediators and cytokines, known as a “cytokine storm.” This involves massive alter-
ations in the production of interleukin 6 (IL-6), soluble IL-6 receptor, IL-1f, TNF-a,
interferon gamma (IFN-y), IL-10, IL-2, soluble IL-2 receptor, and CRP [39, 43, 44].
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Table 24.1 The effects of royal jelly on various biomarkers
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Parameters

effect

Oxidative stress, reactive oxygen species (ROS) production, and inflammatory response

Production of proinflammatory cytokines like interleukin-6 (IL-6), IL-1, IL-1f, and IL-8,
tumor necrosis factor o (TNF-a), and IL-10

Liver function tests (AST, ALT, ALP, GGT, and MDA in the liver)

Autoantibodies against single-stranded deoxyribonucleic acid (ssDNA), and double-
stranded deoxyribonucleic acid (dsDNA)

Pathological damage such as diffuse edema, bleeding, and congestion, capillary
permeability

Level of nitric oxide, and creatine kinase (CK-BM) levels, creatinine

The curing duration of desquamated skin lesions

Level of neutrophils, erythrocytes, thrombocyte, thrombosis, and Plasma fibrinogen
levels, Hs-CRP, and Neutrophils

Level of lipids (TC and LDL-c levels) and cholesterol in serum and liver

Total antioxidant capacity and Immunomodulatory effects

Pro-inflammatory cytokines including TNF-«a, IL-1f and IL-8

Weight management, glaucous control, and delayed formation of atheroma plaque

Stimulates maturation of human monocyte-derived dendritic cells (MoDCs)

Levels of DHEA-S, erythropoiesis, level of lymphocytes, platelets, serum uric acid levels
and blood urea nitrogen

Anti-stress and neuroprotective effects, and mental health, and the state of memory and
cognitive functions (by improving oxygenation of brain tissue), improves learning
processes and spatial memory, and antidepressant activity

Abbreviations: ROS reactive oxygen species, IL-6 interleukin-6, TNF-a tumor necrosis factor a,
ssDNA single-stranded deoxyribonucleic acid, dsDNA double-stranded deoxyribonucleic acid,
CK-BM creatine kinase, MoDCs maturation of human monocyte-derived dendritic cells, /FN-y
interferon gamma, s/L-2R soluble interleukin 2 receptor, CRP C-reactive protein, DHEA-S dehy-
droepiandrosterone sulfate, ALT alanine transaminase, AST aspartate transaminase, ALP alkaline

phosphatase, MDA malondialdehyde, and GGT gamma-glutamyl transferase
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Fig. 24.1 Royal jelly properties and components
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In this respect, the presence of 10-HDA in royal jelly can confer an anti-inflammatory
effect [45] and inhibit the over-production of pro-inflammatory cytokines by acti-
vated macrophages [46]. This has been demonstrated in animal models, which
showed that the production of pro-inflammatory cytokines including TNF-a, IL-1p,
and IL-8 was inhibited by 10-HAD [47]. In addition, administration of royal jelly to
mice has shown a significant decrease in IL-10 serum levels, as well as the circulat-
ing levels of autoantibodies against single-stranded deoxyribonucleic acid (ssDNA)
and double-stranded deoxyribonucleic acid (dsDNA) [48].

3 Hematological Biomarkers

In the first 2 weeks of contracting COVID-19, the number of leukocytes and lym-
phocytes in the peripheral blood can be normal or slightly reduced [49]. However,
elevated neutrophil/lymphocyte and platelet/lymphocyte ratios can be indicative as
biomarkers for risk of a more serious disease course [43, 49]. Complete blood
counts (CBCs) are inexpensive and easy to evaluate in this regard, including the
composition of white blood cell, lymphocyte, and platelets, as well as mean platelet
volume. This routine test provides useful information to the physician and plays an
important role in the early diagnosis of diseases such as pneumonia [50, 51].
Neutrophil white blood cells and lymphocytes are among the most indicative param-
eters that indicate primary inflammation [52]. An increase in the ratio of neutrophils
to lymphocytes is an important indicator that inflammation is in progress [50]. In
animal models, royal jelly administration has been shown to drive normalization in
the neutrophil to lymphocyte ratio, stimulate the production of antibodies, and
enhance the immune response [29]. It also reduces the level of erythrocytes and
self-reactive B lymphocytes in the spleen [48].

4 Coagulation Biomarkers

Coagulation disorders have been reported relatively frequently in patients with
COVID-19, especially in severe cases [53, 54]. Many studies in the field of
COVID-19 have shown that the prothrombin time (PT; a measure of clotting time),
D-dimer, and fibrinogen are increased in severe cases of COVID-19 [55-57]. The
cytokine storm caused by COVID-19 infection appears to lead to development of
vascular thrombi [58]. In COVID-19, the number of platelets is usually normal with
a small amount of thrombocytopenia [59, 60]. However, high thrombocytopenia has
been reported in severe cases of this disease [61]. Khazaei et al. [62] showed that the
administration of royal jelly to rats that had thrombocytopenia improved platelet
levels. Royal jelly reduces plasma fibrinogen levels in animal samples. Also, the
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occurrence of thrombosis in mice treated with royal jelly was less than in untreated
control mice [63].

5 Renal Biomarkers

Most COVID-19 patients who experience acute kidney disease (AKI) have protein-
uria and hematuria, and in severe cases, they may have acute tubular necrosis and
need dialysis [64]. Possible mechanisms in the pathophysiology of AKI related to
COVID-19 include direct viral entry into kidney cells, unbalanced activation of the
renin-angiotensin system, or damage caused by the cytokine storm, thrombotic sta-
tus, or non-specific mechanisms, such as heart failure, hypovolemia, hospital sepsis,
and nephrotoxicity [65]. Supplementation with royal jelly has been shown to reduce
nephrotoxicity, serum uric acid levels, and blood urea nitrogen [66]. A case series
on patients with chronic kidney diseases showed royal jelly can also lead to a reduc-
tion in the circulating levels of creatinine, a widely used biomarker of kidney func-
tion [67].

6 Cardiac Biomarkers

An increased incidence of cardiovascular diseases (CVDs) has been found in patients
with COVID-19, especially among those with more severe disease [68—71]. Results
from a meta-analysis by Sheth et al. [72] showed that troponin, lactate dehydroge-
nase (LDH), and brain natriuretic peptide (BNP) levels were higher among patients
with COVID-19 who died or were severe ill compared to non-critically ill patients
who survived. This study also showed that there was a significant difference in
D-dimer levels in patients who were dead or critically ill. Additionally, creatinine
kinase (CK) levels were significantly higher only in those who died compared to
those who were alive. However, there was no significant difference in CK levels
between patients with severe COVID-19 compared to non-severe controls. Another
meta-analysis study showed that increased levels of cardiac biomarkers including
troponin I, cardiac troponin T, high-sensitivity cardiac troponin, high-sensitivity car-
diac troponin I, high-sensitivity cardiac troponin T, creatine kinase-MB, and myo-
globin were associated with severity of COVID-19 disease and with an increased
risk of mortality [26]. Administration of royal jelly was shown to reduce the levels
of malondialdehyde, nitric oxide, and creatine kinase (CK-BM) levels, and this sup-
plementation also ameliorated pathological damage such as diffuse edema, bleeding,
and congestion [73]. A meta-analysis by Vittek et al. [74] demonstrated that con-
sumption of royal jelly by experimental animals significantly reduced the levels of
lipids and cholesterol in serum and liver and delayed the formation of atheroma
plaque in the aorta even in animals that had been fed a high-fat diet.
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7 Liver Biomarkers

In addition to respiratory complications, the COVID-19 crisis was also associated
with liver dysfunction and damage [75]. In a study in Wuhan, China, it was seen that
about half of the examined patients had abnormally increased levels of biomarkers
of liver damage [alanine aminotransferase (ALT) or aspartate aminotransferase
(AST)] [59]. In a study by Cia et al., [76] more than 70% of patients with COVID-19
showed abnormal levels of these liver enzymes and more than 20% experienced
liver damage. In another study, about 40% of patients on admission with COVID-19
had abnormal liver function tests, such as increased ALT, AST, alkaline phosphatase
(ALP), y-glutamyltransferase (GGT), and total bilirubin [77]. In an experimental
study, long-term administration of royal jelly significantly reduced the levels of
ALT, AST, ALP, GGT, and malondialdehyde (MDA) in the liver, with a protective
role against liver lesions. Additionally, royal jelly has been found to enhance total
antioxidant capacity, as a mechanism of preventing liver damage [78, 79].

8 Brain Biomarkers

It has been emerging for more than a year now that neurological damage can occur
in some COVID-19 patients, consistent with the ability of the SARS-CoV-2 virus to
infect the central nervous system (CNS) [80, 81]. In addition, many patients who
have recovered from COVID-19 can experience depression, anxiety, and memory
loss [82, 83]. Administration of royal jelly was found to improve some of these
adverse neurological effects in an albino rat model by reducing oxidative stress
levels in brain tissue [84]. Also, results from a randomized clinical trial showed that
supplementation with royal jelly had beneficial effects on the level of consciousness
in brain trauma injury patients [85]. At least one aspect of the mechanism of these
effects appeared to involve enhancement of oxygenation in the brain tissue [86].
Furthermore, royal jelly has shown to have anti-stress and neuroprotective effects
under stressful conditions [87]. In addition, 10-HDA has been shown to have anti-
depressant activity and improve learning and spatial memory in animal models
[88, 89].

9 Conclusion

Royal jelly as a superfood has been shown to have many beneficial effects on
COVID-19 disease sequelae, including strengthening of the immune system, as
well as antiviral, antibacterial, and antifungal impacts (Fig. 24.1). This can result in
protective effects against damage that can occur to organs and tissues as byproducts
of viral infection. Thus, further preclinical and clinical studies should be conducted
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using relevant molecular and physiological biomarker readouts to investigate the
effects of royal jelly and its components during the continuation of the current pan-
demic and in preparation for the next one. Such treatments may help to alleviate the
damaging effects of new viral outbreaks while awaiting development and deploy-
ment of effective vaccines.

Acknowledgments We sincerely appreciate support by the Student Research Committee,
Kermanshah University of Medical Sciences, Kermanshah, Iran (ID:50002158).

Competing Interests The authors declare no competing interests.

References

1. Fontana R, Mendes MA, De Souza BM, et al (2004) Jelleines: a family of antimicrobial pep-
tides from the Royal Jelly of honeybees (Apis mellifera). Peptides 25(6):919-928
2. Kocot J, Kietczykowska M, Luchowska-Kocot D, et al (2018) Antioxidant potential of propolis,
bee pollen, and royal jelly: possible medical application. Ox Med Cell Longev 2018:70742009.
https://doi.org/10.1155/2018/7074209
3. Buttstedt A, Muresan CI, Lilie H, et al (2018) How honeybees defy gravity with royal jelly to
raise queens. Curr Biol 28(7):1095-1100.e3
4. Ramadan MF, Al-Ghamdi A (2012) Bioactive compounds and health-promoting properties of
royal jelly: A review. Journal of Functional Foods 4(1):39-52
5. Cornara L, Biagi M, Xiao J, Burlando B (2017) Therapeutic Properties of Bioactive
Compounds from Different Honeybee Products. Front Pharmacol 8:412. https://doi.
org/10.3389/fphar.2017.00412
6. Nagai T, Inoue R (2004) Preparation and the functional properties of water extract and alkaline
extract of royal jelly. Food Chemistry 84(2):181-186
7. Xue X, Wu L, Wang K. (2017) Chemical composition of royal jelly. In: Bee products-chemical
and biological properties; Alvarez-Suarez JM (ed). Springer, New York, NY, USA. pp. 181-190.
ISBN-13: 978-3319596884
8. Yeung YT, Argiielles S. (2019) Bee products: royal jelly and propolis. In: Nonvitamin and
Nonmineral Nutritional Supplements; Nabavi SM, Silva AS (eds). Academic Press; Cambridge
MA, USA. pp 475-484. ISBN: 9780128124918
9. Isidorov V, Czyzewska U, Isidorova A, et al (2009) Gas chromatographic and mass spec-
trometric characterization of the organic acids extracted from some preparations containing
lyophilized royal jelly. ] Chromatogr B Analyt Technol Biomed Life Sci 877(29):3776-3780
10. Isidorov V, Bakier S, Grzech I (2012) Gas chromatographic—mass spectrometric investigation
of volatile and extractable compounds of crude royal jelly. ] Chromatogr B Analyt Technol
Biomed Life Sci 885-886:109-116
11. Xin XX, ChenY, Chen D, etal (2016) Supplementation with major royal-jelly proteins increases
lifespan, feeding, and fecundity in Drosophila. J Agric Food Chem 64(29):5803-5812
12. Rizki AMF,Usman AN, Raya, et al (2021) Effect of royal jelly to deal with stress oxidative in
preconception women: A literature review. Gac Sanit 35 Suppl 2:5288-S290
13. Pasupuleti VR, Sammugam L, Ramesh N, et al (2017) Honey, Propolis, and Royal Jelly:
A Comprehensive Review of Their Biological Actions and Health Benefits. Oxid Med Cell
Longev 2017:1259510. https://doi.org/10.1155/2017/1259510
14. Maghsoudlou A, Mahoonak AS, Mohebodini H, et al (2019) Royal Jelly: Chemistry, Storage
and Bioactivities. J Agric Sci 63(1):17—40


https://doi.org/10.1155/2018/7074209
https://doi.org/10.3389/fphar.2017.00412
https://doi.org/10.3389/fphar.2017.00412
https://doi.org/10.1155/2017/1259510

452

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

M. Miryan et al.

Caliskan E, Adnan A, Abdullah T, et al (2021) Antioxidant Activities of Bingdl Royal Jelly on
SH-SYS5Y Cells. International Journal of Nature and Life Sciences 5(2):61-69

Liu JR, Yang YC, Shi LS, et al (2008) Antioxidant Properties of Royal Jelly Associated with
Larval Age and Time of Harvest. J Agric Food Chem 56(23):11447-11452

Aslan Z, Aksoy L (2015) Anti-inflammatory effects of royal jelly on ethylene glycol induced
renal inflammation in rats. Int Braz J Urol 41(5):1008-1013

Aslan A, Beyaz S, Gok O, et al (2022) Protective effect of royal jelly on fluoride-induced
nephrotoxicity in rats via the some protein biomarkers signalling pathways: a new approach
for kidney damage. Biomarkers 27(7):637-647

Almeer RS, AlBasher GI, Alarifi S, et al (2019) Royal jelly attenuates cadmium-induced neph-
rotoxicity in male mice. Sci Rep 9(1):1-12

Khazaei M, Ansarian A, Ghanbari, E (2018) New Findings on Biological Actions and Clinical
Applications of Royal Jelly: A Review. J Diet Suppl 15(5):757-775

Chiu HFE,Chen BK, Lu YY, et al (2017) Hypocholesterolemic efficacy of royal jelly in healthy
mild hypercholesterolemic adults. Pharm Biol 55(1):497-502

Molaei R, Vahidian-Rezazadeh M, Moghtaderi A (2019) Effect of 6 weeks aerobic exercise
and oral Royal Jelly consumption on inflammatory factors' multiple sclerosis patients. Medical
Journal of Mashhad University of Medical Sciences 62(3):1524-1535

Pourmoradian S, Mahdavi R, Mobasseri M, et al (2012) Effects of royal jelly supplementa-
tion on body weight and dietary intake in type 2 diabetic females. Health Promot Perspect
2(2):231-235

Imai M, Qin J, Yamakawa N, et al (2012) Molecular Alterations During Female Reproductive
Aging: Can Aged Oocytes Remind Youth? In Embryology: Updates and Highlights on Classic
Topics; IntechOpen Pereira LV (ed); London, UK; pp 1-22. ISBN-13: 978-9535104650

Kim J, Kim Y, Yun H, et al (2010) Royal jelly enhances migration of human dermal fibroblasts
and alters the levels of cholesterol and sphinganine in an in vitro wound healing model. Nutr
Res Pract 4(5):362-368

Abedini A, Shafaghi S, Ahmad ZA, et al (2021) N-Chromosome Royal Jelly, Propolis and
Bee Pollen Supplementation Improve the Clinical Conditions of COVID-19 Patients: A
Randomized Controlled Trial. Traditional and Integrative Medicine 6(4):369-360

Ciric J, Djordjevic V, Baltic T, et al (2021) Protective effects of honeybee products against
COVID-19: areview. IOP Conference Series: Earth and Environmental Science 854(1):012-014
Habashy NH, Abu-Serie MM (2020) The potential antiviral effect of major royal jelly pro-
tein2 and its isoform X1 against severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2): Insight on their sialidase activity and molecular docking. Journal of Functional Foods
75104282 https://doi.org/10.1016/j.jff.2020.104282

Sver L, Or3oli¢ N, Tadié¢ Z, et al (1996) A royal jelly as a new potential immunomodulator in
rats and mice. Comp Immunol Microbiol Infect Dis 19(1):31-38

Nagai T, Inoue R (2004) Preparation and functional properties: of water extract and alkaline
extract of royal jelly. Food Chemistry 84(2)181-186

ZhuZ,Zheng Z, Liu J (2021) Comparison of COVID-19 and Lung Cancer via Reactive Oxygen
Species Signaling. Front Oncol 11:708263 doi: https://doi.org/10.3389/fonc.2021.708263
Magazu S, Migliardo F,Telling M (2008) Structural and dynamical properties of water in sugar
mixtures. Food Chemistry 106(4):1460-1466

Lima WG, Brito JC, da Cruz Nizer WS (2021) Bee products as a source of promising thera-
peutic and chemoprophylaxis strategies against COVID-19 (SARS-CoV-2). Phytother Res
35(2):743-750

Lansbury L, Lim B, Baskaran V, et al (2020) Co-infections in people with COVID-19: a sys-
tematic review and meta-analysis. J Infect 81(2):266-275

Ismail NF, Zulkifli MF, Ismail WIW, (2022) Therapeutic Potentials of Bee Products for
Treatment of COVID-19. IIUM Medical Journal Malaysia 21(1):19-29


https://doi.org/10.1016/j.jff.2020.104282
https://doi.org/10.3389/fonc.2021.708263

24

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Royal Jelly and COVID-19 453

Lima WG, Brito JCM, da Cruz Nizer WS (2021) Bee products as a source of promising thera-
peutic and chemoprophylaxis strategies against COVID-19 (SARS-CoV-2). Phytother Res
35(2):743-750

Emilija A, Marija P, Dragica Z, et al (2022) Ganoderma lucidum extract, Lycopene,
Sulforaphane, Royal Jelly and Resveratrol as a combination demonstrate antioxidant and anti-
inflammatory effects in COVID-19. Free Radic Biol Med 189:29. https://doi.org/10.1016/].
freeradbiomed.2022.06.129

Zhu N, Zhang D, Wang W, et al (2020) A novel coronavirus from patients with pneumonia in
China, 2019. N Eng J Med 382(8):727-733

Nooh HA, Abdellateif MS, Refaat L, et al (2022) The role of inflammatory indices in the out-
come of COVID-19 cancer patients. Med Oncol 39(1):1-14

Wan S, Yi Q, Fan S et al (2020) Relationships among lymphocyte subsets, cytokines, and the
pulmonary inflammation index in coronavirus (COVID-19) infected patients. Br J Haematol
189(3):428-437

Lo Presti E, Nuzzo D, Al Mahmeed W, Al-Rasadi K et al (2022) Molecular and pro-
inflammatory aspects of COVID-19: The impact on cardiometabolic health. Biochim Biophys
Acta Mol Basis Dis 1868(12):166559. https://doi.org/10.1016/j.bbadis.2022.166559

Rokni M, Ghasemi V, Tavakoli Z (2020) Immune responses and pathogenesis of SARS-CoV-2
during an outbreak in Iran: Comparison with SARS and MERS. Reviews in medical virology
30(3):e2107. https://doi.org/10.1002/rmv.2107

Terpos E, Ntanasis-Stathopoulos I, Elalamy I et al (2020) Hematological findings and compli-
cations of COVID-19. Am J Hematol 95(7):834-847

Lorkiewicz P, Waszkiewicz N (2021) Biomarkers of post-COVID depression. J Clin Med
10(18):41-42

Petelin A, Kenig S, Kopin¢ R, et al (2019) Effects of royal jelly administration on lipid pro-
file, satiety, inflammation, and antioxidant capacity in asymptomatic overweight adults. Evid
Based Complement Alternat Med 2019:4969720. https://doi.org/10.1155/2019/4969720
Kohno K, Okamoto I, Sano O, et al (2004) Royal jelly inhibits the production of proinflamma-
tory cytokines by activated macrophages. Biosci Biotechnol Biochem 68(1):138-145

Yang YC, Chou WM, Widowati DA, et al (2018) 10-hydroxy-2-decenoic acid of royal
jelly exhibits bactericide and anti-inflammatory activity in human colon cancer cells. BMC
Complement Altern Med 18(1):202. https://doi.org/10.1186/s12906-018-2267-9

Zahran AM, Elsayh KI, Saad K, et al (2016) Effects of royal jelly supplementation on regula-
tory T cells in children with SLE. Food Nutr Res 60(1):32963. https://doi.org/10.3402/fnr.
v60.32963

Li T, Lu H, Zhang W (2020) Clinical observation and management of COVID-19 patients.
Emerg Microbes Infect 9(1):687-690

Bekdas M, Goksiigiir SB, Sarac EG, (2014) Neutrophil/lymphocyte and C-reactive protein/
mean platelet volume ratios in differentiating between viral and bacterial pneumonias and
diagnosing early complications in children. Saudi Med J 35(5):442-447

Usul E, San 1, Bekgoz B, et al (2020) Role of hematological parameters in COVID-19 patients
in the emergency room. Biomark Med 14(13):1207-1215

Liu J, Li S, Zhang S, et al (2019) Systemic immune-inflammation index, neutrophil-to-
lymphocyte ratio, platelet-to-lymphocyte ratio can predict clinical outcomes in patients with
metastatic non-small-cell lung cancer treated with nivolumab. J Clin Lab Anal 33(8):e22964.
https://doi.org/10.1002/jcla.22964

Deng Y, Liu W, Liu K, et al (2020) Clinical characteristics of fatal and recovered cases
of coronavirus disease 2019 in Wuhan, China: a retrospective study. Chin Med J (Engl)
133(11):1261-1267

Zhou F, Yu T, Du R, et al (2020) Clinical course and risk factors for mortality of adult inpatients
with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 395(10229):1054-1062


https://doi.org/10.1016/j.freeradbiomed.2022.06.129
https://doi.org/10.1016/j.freeradbiomed.2022.06.129
https://doi.org/10.1016/j.bbadis.2022.166559
https://doi.org/10.1002/rmv.2107
https://doi.org/10.1155/2019/4969720
https://doi.org/10.1186/s12906-018-2267-9
https://doi.org/10.3402/fnr.v60.32963
https://doi.org/10.3402/fnr.v60.32963
https://doi.org/10.1002/jcla.22964

454

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

M. Miryan et al.

Snijders D, Schoorl M, Schoorl M (2012) D-dimer levels in assessing severity and clinical out-
come in patients with community-acquired pneumonia. A secondary analysis of a randomised
clinical trial. Eur J Intern Med 23(5):436-441

Huang C, Wang Y, Li X, et al (2020) Clinical features of patients infected with 2019 novel
coronavirus in Wuhan, China. Lancet 395(10223):497-506

Han H, Yang L, Liu R et al (2020) Prominent changes in blood coagulation of patients with
SARS-CoV-2 infection. Clin Chem Lab Med 58(7):1116-1120

Hadid T, Kafri Z, Al-Katib A (2021) Coagulation and anticoagulation in COVID-19. Blood
Rev 47:100761. https://doi.org/10.1016/j.blre.2020.100761

Chen N, Zhou M, Dong X, et al (2020) Epidemiological and clinical characteristics of 99
cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet
395(10223):507-513

Guan WJ, Ni ZY, Hu Y, et al (2020) Clinical characteristics of coronavirus disease 2019 in
China. N Eng J Med 382(18):1708-1720

Lippi G, Plebani M,Henry BM (2020) Thrombocytopenia is associated with severe coronavi-
rus disease 2019 (COVID-19) infections: a meta-analysis. Clin Chim Acta 506:145-148
Khazaei F, Ghanbari E, Khazaei M (2020) Protective effect of Royal Jelly against
cyclophosphamide-induced thrombocytopenia and spleen and bone marrow damages in rats.
Cell J 22(3):302-309

Shen X, Lu R, He G (1995) Effects of lyophilized royal jelly on experimental hyperlipidemia
and thrombosis. Zhonghua yu Fang yi xue za zhi 29(1):27-29

Ahmadian E, Hosseiniyan Khatibi SM, Razi Soofiyani S, et al (2021) Covid-19 and kidney
injury: Pathophysiology and molecular mechanisms. Rev Med Virol 31(3):e2176. https://doi.
org/10.1002/rmv.2176

Sharma P, Uppal NN, Wanchoo R, et al (2020) COVID-19-associated kidney injury: a case
series of kidney biopsy findings. J Am Soc Nephrol 31(9):1948-1958

Silici S, Ekmekcioglu O, Kanbur M, et al (2011) The protective effect of royal jelly against
cisplatin-induced renal oxidative stress in rats. World J Urol 29(1):127-132

Alkhatib B, Alhilo I, Alhilo S (2021) The Effect of Selected Traditional Herbal Combination
with Royal Jelly on Kidney Function: Case Series. Ann Clin Case Rep 89:594-600

Clerkin KJ, Fried JA, Raikhelkar J, et al (2020) COVID-19 and cardiovascular disease.
Circulation 141(20):1648-1655

Moayed MS, Rahimi-Bashar F, Vahedian-Azimi A, et al. (2021) Cardiac Injury in COVID-19:
A Systematic Review. Adv Exp Med Biol 1321: 325-333

Saghafi N, Rezaee SA, Momtazi-Borojeni AA, et al (2022) The therapeutic potential of regula-
tory T cells in reducing cardiovascular complications in patients with severe COVID-19. Life
Sci 294:120392. https://doi.org/10.1016/j.1f5.2022.120392

Tajbakhsh A, Gheibi Hayat SM, Taghizadeh H, et al (2021) COVID-19 and cardiac injury:
clinical manifestations, biomarkers, mechanisms, diagnosis, treatment, and follow up. Expert
Rev Anti Infect Ther 19(3):345-357

Sheth A, Modi M, Dawson D, et al (2021) Prognostic value of cardiac biomarkers in COVID-19
infection. Sci Rep 11(1):1-9

Malekinejad H, Ahsan S, Delkhosh-Kasmaie F, et al (2016) Cardioprotective effect of royal
jelly on paclitaxel-induced cardio-toxicity in rats. Iran J Basic Med Sci 19(2):221-227

Vittek J (1995) Effect of Royal Jelly on serum lipids in experimental animals and humans with
atherosclerosis. Experientia 51(9):927-935

Feng G, Zheng KI, Yan QQ, et al (2020) COVID-19 and liver dysfunction: current insights and
emergent therapeutic strategies. J Clin Trans Hepatol 8(1):18-24

Cai Q, Huang D, Yu H, et al (2020) COVID-19: Abnormal liver function tests. J Hepatol
73(3):566-574

Fan Z, Chen L, Li J et al (2020) Clinical features of COVID-19-related liver functional abnor-
mality. Clin Gastroenterol Hepatol 18(7):1561-1566


https://doi.org/10.1016/j.blre.2020.100761
https://doi.org/10.1002/rmv.2176
https://doi.org/10.1002/rmv.2176
https://doi.org/10.1016/j.lfs.2022.120392

24

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Royal Jelly and COVID-19 455

Kanbur M, Eraslan G, Beyaz L, et al (2009) The effects of royal jelly on liver damage induced
by paracetamol in mice. Exp Toxicol Pathol 61(2):123-132

Caixeta DC, Teixeira RR, Peixoto LG, et al (2018) Adaptogenic potential of royal jelly in liver
of rats exposed to chronic stress. PloS One 13(1):e0191889. https://doi.org/10.1371/journal.
pone.0191889

DeKosky ST, Kochanek PM, Valadka AB, et al (2021) Blood biomarkers for detection of brain
injury in COVID-19 patients. J Neurotrauma 38(1):1-43

Desforges M, Le Coupanec A, Dubeau P, et al (2019) Human coronaviruses and other respira-
tory viruses: underestimated opportunistic pathogens of the central nervous system? Viruses
12(1):14. https://doi.org/10.3390/v12010014

Renaud-Charest O, Lui LM, Eskander S, et al (2021) Onset and frequency of depression in
post-COVID-19 syndrome: A systematic review. J Psychiatr Res 144:129-137

Mazza MG, De Lorenzo R, Conte C, et al (2020) Anxiety and depression in COVID-19 survi-
vors: Role of inflammatory and clinical predictors. Brain Behav Immunol 89:594-600

Khalil AM, Mowas AS, Hassan MH, et al (2022) Neurodegeneration and Oxidative Stress in
Brain Tissues Induced by Tramadol with the Protective Effects of Royal Jelly in Albino Rats.
Saudi J Med Pharm Sci 33(2) 149-159

Shafiee Z, Hanifi N, Rashtchi V (2022) The effect of royal jelly on the level of consciousness
in patients with traumatic brain injury: A double-blind randomized clinical trial. Nursing and
Midwifery Studies 11(2):96-102

Bogdanov S (2011) Royal jelly, bee brood: composition, health, medicine: a review. Lipids
3(8):8-19

Teixeira RR, de Souza AV, Peixoto LG, et al (2017) Royal jelly decreases corticosterone levels
and improves the brain antioxidant system in restraint and cold stressed rats. Neurosci Lett
655:179-185

Pyrzanowska J, Piechal A, Blecharz-Klin K, et al (2014) Long-term administration of Greek
Royal Jelly improves spatial memory and influences the concentration of brain neurotransmit-
ters in naturally aged Wistar male rats. J Ethnopharmacol 155(1):343-351

Zamani Z, Reisi P, Alaei H, Pilehvarian AA (2012) Effect of Royal Jelly on spatial learning and
memory in rat model of streptozotocin-induced sporadic Alzheimer's disease. Adv Biomed
Res 1(2):26-32


https://doi.org/10.1371/journal.pone.0191889
https://doi.org/10.1371/journal.pone.0191889
https://doi.org/10.3390/v12010014

	Chapter 24: The Potential Effect of Royal Jelly on Biomarkers Related to COVID-19 Infection and Severe Progression
	1 Introduction
	2 Inflammatory Biomarkers
	3 Hematological Biomarkers
	4 Coagulation Biomarkers
	5 Renal Biomarkers
	6 Cardiac Biomarkers
	7 Liver Biomarkers
	8 Brain Biomarkers
	9 Conclusion
	References


