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Abstract  

Royal jelly (RJ) is a natural food that widely used to boost medical therapy for a variety of illnesses and improve 

physiological activity as well as enhance the body's natural immunological response. Histamine is one of the acute 

inflammatory and hypersensitivity reactions mediators which involved in the regulation of allergic responses and 

control multiple key processes in the immune response. The current study aimed to evaluate the inhibitory activity 

of RJ on histamine releasedfrom activated RBL-2H3 cells by lysophosphatidic acid (LPA). Royal jelly was 

administered to RBL-2H3 cells lines treated with LPA, and histamine expressed levels were determined using a 

spectrofluorometric technique. Royal jelly significantly reducedthe level of histamine produced in a time- and a 

dose-dependent manner (p < 0.001).Moreover, RJ had no significant cytotoxicity on RBL-2H3 cells.Our data 

suggested that RJ is an anti-allergic natural product that aids in the reduction and attenuation of allergic reactions. 

These effects might be connected to its ability to improve allergic symptoms by reducing histamine level. 
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Introduction  

Apitherapy is the science of using honeybee products to preserve health and help people recover from 

illness. Local unfiltered honey consumed daily over a lengthy period time can maintain the patient 

allergy-free (Cherbuliez 2013; Sugiyama et al., 2012). Natural bee products have been more popular in 

both traditional and contemporary medicine, moreover, utilized to preserve human health (Pasupuleti 

et al., 2017). 

Royal jelly (RJ) is an acidic creamy fluid secreted by honeybees thatis formed by the mandibular and 

hypopharyngeal glands of juvenile Apismellifera worker bees (Collazo et al., 2021; Buttstedt et al., 
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2018).Royal jelly has essential active components such as RJ proteins, lipids, phenols, and flavonoids, all 

of which play an important part in human health maintenance. Many studies demonstrated anti-

inflammatory, anti-cancer, immunological regulation activity of RJ effects (Guo et al., 2021; Sugiyama et 

al., 2012).Furthermore, the immune system advantages from natural products are amazing, they are 

engaged in the activation of antibody formation, maturation of immune cells, and stimulation of innate 

and adaptive immunological responses (Hu et al., 2018; Siiskonenand Harvima2019). 

Mast cells play a key role in allergic responses and immunity. They are important in the development of 

allergy and inflammatory illnesses such as asthma, mastocytosis, inflammatory arthritis, and 

autoimmune diseases. Furthermore, it has been proposed that mast cells have a role in both the 

adaptive and innate immune responses to infections (Passante and Frankish 2009). They are either 

completely loaded with mediators or produce fresh mediators, which they released upon activation via 

a variety of processes that resulted in degranulation process(Hu et al., 2018; Siiskonen and Harvima 

2019).Several factors as infections, stress, certain foods, pseudoallergens, hormones, neuropeptides, 

and Th2 inflammation progress are all known to activate mast cells (Church et al., 2018; Siiskonen and 

Harvima 2019). 

Mast cells degranulatemediators that have a role in itch formation. Mast cell histamine is the most 

significant mediator derived from mast cell (Harvima et al., 2014).Histamine is a characteristic of allergic 

reactions and increases vascular permeability.Whereas released cytokines and chemokines play critical 

roles in starting and sustaining inflammatory responses in allergic reactions (Moiseeva and Bradding 

2011; Lian et al., 2015). 

RBL-2H3 cells are a model for mast cell derived mediator release and it’s a helpful tool for in vitro work 

since they can produce a large number of monoclonal cells rapidly using basic cell culture procedures 

(Passante, and Frankish 2009; Lima et al., 2020; Niu et al 2021). 

Lysophosphatidic acid (LPA) is a powerful, bioactive lipid molecule whose signaling is triggeredin a 

variety of physiological processes (Mizuno and Kihara 2020; Ray et al., 2021).Recent studies support the 

notion that LPA plays a key role in asthma and allergic airway inflammation. LPA stimulates numerous 

cell types involved in inflammation, including eosinophils, mast cells, dendritic cells, and lymphocytes 

according to in vitro studies (Hashimoto et al., 2005; Georas 2021). 
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Given RJ's apparent anti-inflammatory properties, we speculated that RJ may have a similar impact on 

allergic reactions. In this work, we focused on the anti-allergic activity of royal jelly on RBL-2H3 cells in 

vitro. 

Materials and Methods  

Materials 

This study was an in vitro study which was conducted on cell lines. RBL-2H3 cell line was provided by 

VACSERA - Cell Culture Unit, Dokky, Giza, Egypt. Mono oleoylphosphatidic acid monosodium (LPA) was 

got from Sigma-Aldrich (CAS Number: 268550-95-4). RJ was purchased from a local market in Egypt, 

except for the RJ supplied by the Egyptian Royal Jelly Farm.  

The RBL-2H3 cells were cultured in MEM supplemented purchased from Sigma Chemicalwith 15% fetal 

calf serum, 0.434 mg/ml glutamine, and an antibiotic-antimycotic mixture containing 100 U/ml 

penicillin, 100 μg/ml streptomycin. The cells were incubated at 37°C in 5% CO2/air. 

Histamine induction by LAP 

TheRBL-2H3 cell line suspension was incubated for 5 min at 37 ° C, oleoylphosphatidic acid monosodium 

(LAP) 10 µg /ml were introduced and incubated for 30 min. The induction was terminated by 

immersingthe suspension in ice-cold water. Centrifugethe tubes at 1,500 g for 10 min at 4 

°C.Determination ofhistamine in the supernatant spectrofluorometricallyaccording to other studies 

(Hook et al., 1976; Hashimoto et al., 2005), and the percentage of the total released histamine was 

calculated.  

Determination of histamine level after RJ challenge 

Cells suspensionwas incubated at 37 °C with 10 µg/ ml of LPA for 10 min, then 100 µl /ml RJ was 

introduced to the same sample of RBL-2H3 cells for additional incubation time (10, 20 and 30 min). 

Histamine levels are calculated as a percentage of the total released histamine. 

Dose course of histamine induction from RBL-2H3 cells was examined after 60 min incubation at 37 °C 

with 10 µl /ml of LPA and serial concentration of RJ (5, 10, 25, 50, and 100 µl/ml) of cell suspensions. 

Histamine levels were evaluated for comparison with LPA stimulation. 

Cell Viability Assay 

RBL-2H3 cells are mucosal mast cells that have been extensively studied for degranulation properties in 

a variety of natural product and pharmaceuticals.RBL-2H3 cells were subjected to a cell viability 
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experiment using the MTT colorimetric technique, as previously reported (May et al., 1970; Hashimoto 

et al., 2005). RBL-2H3 cells were harvested and transferred into 96-well micro-plates at a concentration 

of 40,000 cells per welland left overnight (37°C, 5% CO2) before dosing, then different concentrations of 

RJ were added (5, 10, 25, 50 and 100 µl /ml) for 48 hours at 37 °C in a humidified incubator (5% CO2, 

95% air) to evaluate the cytotoxic effect of RJ. After incubation MTT solution (10 l, 5 mg/ml in PBS) was 

added to the wells and the cells were incubated for another 4 h at 37 °Cand 100 μl of DMSO was added 

to dissolve the formazan crystals. The optical density of the solution was measured with a microplate 

reader at 570 nm. 

The test samples were considered cytotoxic when the optical density of the sample-treated group was 

less than 80% of that in the spontaneous release(Matsuda et al., 2007Musa et al., 2014; Chansuwan et 

al., 2019). These concentrations showed least toxicitypercentages on cells lines as cell viability were 

80%. Hence, RJ concentrations in current study is safe for evaluate anti-allergic action in RBL-2H3 cell 

lines. 

Statistical Analysis  

Analysis of Variance data was performed on the (ANOVA).For data analysis, the SPSS statistics tool 

(Version 16.0) was employed.The mean with standard error is used to represent the results (SEM). 

P<0.05 were considered to be significant 

Results and Discussion 

Mast cells are playing a crucial roles in the beginning and progression of an allergic reaction. A variety of 

triggers can activate them,either IgE-dependent or independent causing them to produce inflammatory 

mediators, as well as produce histamine and other vasoactive chemicals, resulting in hives (Krystel-

Whittemoreet al., 2016; Lian  et al., 2015). 

The interesting areas of traditional medicine today is the use of immunomodulatory substances such as 

royal jelly to treat a variety of illnesses (Guendouz  et al., 2017; Bouamama  et al., 2021; Harwood  et al., 

2021). Royal jelly is widely used in the nutraceutical and cosmetic industries.Water, trace minerals, 

proteins, lipids,carbs, vitamins, and phenols make up the majority of its composition (Collazo et al., 

2021). 
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RBL-2H3 cells were employed in this work to explore RJ's anti-allergic efficacy in vitro. When the cell line 

triggered by LAP, they can produce histamine and other inflammatory cytokines during the 

degranulation process(Hook et al., 1976; Hashimoto et al., 2006).After administration of 

lysophosphatidic acid (LPA) to induce the release of histamine, the total level of histamine level was 

assessed with spectrofluorometric technique.   

Figure1 showed histamine release from cell lines. The spontaneous histamine release from RBL-2H3 cells 

was 5.45–12.32%. Whereas 10 g/ml LPA led to increased histamine productionto the maximum level 

reached to 27.12 at 30 min. In contrast, RJ-treated cells significantly reduced the histamine release at 30 

min (p ≤ 0.01). 

Moreover, as shown by RJ in vitro test challenge with different concentrations, the histamine level was 

decreased significantly with high RJ doses (p< 0.01) as shown in figure 2. Histamine level induced from 

control RBL-2H3 rat mast cells was 7± 0.75%. RJ reduced histamine release in a dose-dependent manner. 

Histamine reduced level at 5, 10, 25, 50 and 100 g/ml were 16.12, 13.21, 10.04, 9.47 and 8.15 ± 0.75%, 

respectively. Significant differences were observed between RBL-2H3 rat mast cells induced by LPA- and 

RJ-treated at all concentrations examined. This result agree well with that found by Guendouz 

(Guendouz et al., 2017), who demonstrated that effective decrease of plasma histamine level in Balb/c 

mice administratedby mouth tube for 7 days with RJ with different doses. Several hypotheses have been 

presented to the underlying mechanisms of RJ's immune modulationand prevent an allergic 

responseactivity. Vucevic et al. (2007) proposed a specialized effect of RJ in histamine induction, and 

inflammation. 

The interesting observation was the reduction response of histamine was correlated with a gradual 

incubation time and dose-dependent. As a result, our findings were consistent with prior research on 

the potential anti-allergic functions of royal jelly (Okamoto et al., 2003; Vucevic et al., 2007). On the 

other hand, other studies reported adverse events with some special cases that associated with allergic 

response from RJ due to cross-reactive reactions with causative allergens and they advise people with a 

history of allergic illnesses should avoid ingesting RJ products (Harwood et al 1996; Hata et al., 2020). 

Another interesting finding is that the exposure of RBL-2H3 rat mast cells to different doses of RJ (5, 10, 

25, 50 and 100 µl /mL)after 48 hours of incubation resulted in no significant cytotoxicity on cell lines. 
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Moreover, royal jelly can induce the best survival rate with 100 µl /mL under current test conditions 

(figure 3). 

 

 

Figure 1. Time response manner of histamine induction from RBL-2H3 cells induced with 10 µg/ml LPA 

for 30 min. at 37 °C and inhibitory activity of RJ treatment. Histamine levels were determined using a 

spectrofluorometric technique.It shows statistically significant differences from the spontaneous 

release* p ≤ 0.05, ** p ≤ 0.01. 
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Figure 2. Histamine concentrationinduced from RBL-2H3 cells treated with 10 µg/ml LPA and serial 

concentration of RJ (5, 10, 25, 50 and 100 µl/ml) for 10 min. at 37 °C. RJ at dose 25µl/ml shows 

statistically significant differences at *p< 0.05 and greater doses (50 µl/ml and 100µl/ml) shows 

statistically significant differences from the spontaneous release**p< 0.01. 

 

Figure 3: Effect of RJ on RBL-2H3 cells viability in terms of trypan blue staining.Linear graph showing RJ 

effect on cell viability in RBL-2H3 cell line.  

 

Conclusion 

In summary, we have demonstrated that RJ can reduce histamine levelsafter mast cell activation 

stage.According to the findings, RJ administration may have a beneficial effect on the allergy in addition 

to decreasing its symptoms. The mechanism of RJ attenuation to histamine level remains mostly 

unclear. Additional efforts to define the role of RJ interactions with histamine will potentially lead to 

novel clinical approaches for allergic conditions.  

Conflicts of Interest 

The author have no conflicts of interest to declare. 

 

 

80

85

90

95

100

105

110

5 µl 10 µl 25 µl 50 µl 100 µl

C
el

l v
ia

b
ili

ty

Axis Title

RBL-2H3 cells viability by RJ  



Nat. Volatiles & Essent. Oils, 2021; 8(4): 11675-11684 
 

11682 
 

Refernces 

Bouamama S, Merzouk H, Latrech H, Charif N, Bouamama A (2021). Royal jelly alleviates the detrimental 

effects of aging on immune functions by enhancing the in vitro cellular proliferation, cytokines, and 

nitric oxide release in aged human PBMCS. J Food Biochem. 45(2):e13619 

Buttstedt A, Mureşan C.I, Lilie H, Hause G, Ihling C.H, Schulze S.H, Pietzsch M, Moritz R.F.A (2018). How 

Honeybees Defy Gravity with Royal Jelly to Raise Queens. Curr. Biol. 28:1095–1100.e3.  

Chansuwan W, Takahashi Upunqui C,Chinachoti P (2019). Anti-inflammatory and anti-allergic activities 

of Skipjack tuna (Katsuwonuspelamis) dark muscle hydrolysates evaluated in cell culture model. 

Functional Foods in Health and Disease; 9(7): 446-465. 

Cherbuliez T. (2013). Apitherapy – The Use of Honeybee Products. In: Grassberger M., Sherman R., 

Gileva O., Kim C., Mumcuoglu K. (eds) Biotherapy - History, Principles and Practice. Springer, 

Dordrecht.pp 113-146 

Church M. K, Kolkhir, P, Metz, M, and Maurer, M. (2018). The role and relevance of mast cells in 

urticaria. Immunol. Rev. 282, 232–247.  

Collazo N, Carpena, M., Nuñez-Estevez, B, Otero, P, Simal-Gandara, J, & Prieto, M. A. (2021). Health 

Promoting Properties of Bee Royal Jelly: Food of the Queens. Nutrients, 13(2), 543.  

Georas SN. (2021). LPA and Autotaxin: Potential Drug Targets in Asthma? Cell BiochemBiophys. 

79(3):445-448.  

Guendouz M, Haddi A, Grar H, Kheroua O, Saidi D., &Kaddouri H. (2017). Preventive effects of royal jelly 

against anaphylactic response in a murine model of cow's milk allergy. Pharmaceutical biology, 55(1), 

2145–2152.  

Guo J, Wang Z, Chen Y, Cao J, Tian W, Ma B, Dong Y. (2021). Active components and biological functions 

of royal jelly, Journal of Functional Foods, Volume 82, 2021,  

Harvima I. T, Levi-Schaffer F, Draber P, Friedman S, Polakovicova I, Gibbs B. F. et al. (2014). Molecular 

targets on mast cells and basophils for novel therapies. J. Allergy Clin. Immunol. 134, 530–544. 



Nat. Volatiles & Essent. Oils, 2021; 8(4): 11675-11684 
 

11683 
 

Harwood G, Salmela H, Freitak D, Amdam G (2021). Social immunity in honey bees: royal jelly as a 

vehicle in transferring bacterial pathogen fragments between nestmates. J Exp Biol. 31;224(Pt 

7):jeb231076.  

Harwood M, Harding S, Beasley R, Frankish PD. (1996). Asthma following royal jelly.N Z Med J. 

23;109(1028):325. 

Hashimoto T, Ohata H, Honda K.(2006). Lysophosphatidic acid (LPA) induces plasma exudation and 

histamine release in mice via LPA receptors. J Pharmacol Sci. 100(1):82-7.  

Hashimoto T, Ohata H, Momose K, Honda K (2005). Lysophosphatidic acid induces histamine release 

from mast cells and skin fragments. Pharmacology. 75(1):13-20. 

Hata T, Furusawa-Horie T, Arai Y, Takahashi T, Seishima M, & Ichihara K. (2020). Studies of royal jelly and 

associated cross-reactive allergens in atopic dermatitis patients. PloS one, 15(6), e0233707.  

Hook WA, Schiffmann E, Aswanikumar S, Siraganian RP (1976). Histamine release by chemotactic, formyl 

methionine-containing peptides. J Immunol.117(2):594-6.  

Hu G, Wang S, and Cheng P. (2018). Tumor-infiltrating tryptase(+) mast cells predict unfavorable clinical 

outcome in solid tumors. Int. J. Cancer 142, 813–821.  

Krystel-Whittemore M, Dileepan KN and Wood JG (2016) Mast Cell: A Multi-Functional Master Cell. 

Front. Immunol. 6:620.  

Lian Q, Cheng Y, Zhong C, & Wang F. (2015). Inhibition of the IgE-mediated activation of RBL-2H3 cells by 

TIPP, a novel thymic immunosuppressive pentapeptide. International journal of molecular sciences, 

16(1), 2252–2268.  

Lima W.G, Brito J.C.M, da Cruz Nizer W.S (2020).  Bee products as a source of promising therapeutic and 

chemoprophylaxis strategies against COVID-19 (SARS-CoV-2). Phytother. Res., 35 (2020), pp. 743-750.  

Matsuda H, Sugimoto S, Morikawa T, Mutsuhira K, Mizuguchi E, Nakamura S, Yoshikawa S (2007). 

Bioactive constituent from chinese natural medicines: Inhibitors of antigeninduced degranulation in RBL-

2H3 Cells from the seeds of Psoraleacorylifolia. Chem Pharm Bull; 55 (1): 106 – 110. 

May CD, Lyman M, Alberto R, Cheng J (1970). Procedures for immunochemical study of histamine 

release from leukocytes with small volume of blood. J Allergy; 45: 12–20 



Nat. Volatiles & Essent. Oils, 2021; 8(4): 11675-11684 
 

11684 
 

Mizuno H, Kihara Y (2020). Druggable lipid GPCRs: past, present, and prospects. AdvExp Med Biol. 

1274:223–58.  

Moiseeva E.P, Bradding P (2011). Mast cells in lung inflammation. In: Gilfillan A.M., Metcalfe D.D., 

editors. Mast Cell Biology: Contemporary and Emerging Topics. Volume 716. Springer; New York, NY, 

USA: AdvExp Med Biol.2011. pp. 235–269 

Musa M, Nasir NF, Thirumulu KP (2014). Evaluation of royal jelly as an alternative to fetal bovine serum 

in cell culture using cell proliferation assays and live cell imaging. Afr J Tradit Complement Altern 

Med.;11(1):148-55 

Niu L, Wei J, Li X, Jin Y, Shi X (2021). Inhibitory activity of narirutin on RBL-2H3 cells degranulation. 

ImmunopharmacolImmunotoxicol.43(1):68-76.  

Okamoto I, Taniguchi Y, Kunikata T, Kohno K, Iwaki K, Ikeda M, Kurimoto M.(2003). Major royal jelly 

protein 3 modulates immune responses in vitro and in vivo. Life Sci. 73:2029–2045. 

Passante E, Frankish N (2009). The RBL-2H3 cell line: its provenance and suitability as a model for the 

mast cell. Inflamm. Res. 58, 737–745.  

Pasupuleti V.R, Sammugam L, Ramesh N, Gan S.H. (2017). Honey, propolis, and royal jelly: A 

comprehensive review of their biological actions and health benefits. Oxidative Medicine and Cellular 

Longevity, p. 1259510. 

Ray M., Kihara, Y., Bornhop, D.J. et al. (2021). Lysophosphatidic acid (LPA)-antibody (504B3) engagement 

detected by interferometry identifies off-target binding. Lipids Health Dis 20, 32. 

Siiskonen H and Harvima I (2019). Mast Cells and Sensory Nerves Contribute to Neurogenic 

Inflammation and Pruritus in Chronic Skin Inflammation. Front. Cell. Neurosci. 13:422 

Sugiyama T, Takahashi K, Mori H (2012). Royal jelly acid, 10-hydroxy-trans-2-decenoic acid, as a 

modulator of the innate immune responses. EndocrMetab Immune Disord Drug Targets. 12(4):368-76.  

Vucevic D, Melliou E, Vasilijic S, Gasic S, Ivanovski P, Chinou I, Colic M.. (2007). Fatty acids isolated from 

royal jelly modulate dendritic cell-mediated immune response in vitro. IntImmunopharmacol.7:1211–

1220.  

 


