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Abstract. Monoclonal antibody (mAb) is the material that is used widely for
biological experiments, therapeutic, and diagnosis. The production of monoclonal
antibodies by in vitromethod is still challenging, and it takes a high cost due to the
use of animal-derived serum as the main growth-promoting factor. The previous
study reported royal jelly (RJ) fromApismellifera as a potential proliferation factor
in mammalian cell culture. Hence, this study was performed to evaluate the effect
of Indonesian RJ supplementation in culture medium on hybridoma growth and
its MAb production. The research was conducted by true experimental methods
using hybridoma clone SF2 and RF10. These clones were cultured in RPMI-1640
medium supplemented with 3% FBS and 1%Penicillin-Streptomycin as the initial
culture medium. The number of viable cells was counted by haemocytometer on
day 8 after gradual treatmentwith orwithout the addition of 1%RJ.MTTassaywas
performed to evaluate the cell viability. In addition, the level of secretedMAb in the
culture medium was measured by indirect enzyme-linked immunosorbent assay
(ELISA). All results were analyzed statistically. The results show that the addition
of 1% RJ into the culture medium has decreased the cell viability compared to the
control. Thus, cell viability reductionmay influence the level ofMAb produced by
hybridoma clone SF2 and RF10. The negative result given in this experiment may
have been caused by an unsuitable concentration of RJ used in this experiment.
Also, a substance included in the crude RJ probably causes cytotoxicity in the
cells.
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1 Introduction

Monoclonal antibody (MAb) is a biological material widely applied for therapeutic,
immuno-based assay and well-known as the primary raw material for diagnostic kit
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development. According to the development process, the MAb is described as an anti-
body that specifically recognizes the epitope of foreign protein or antigens produced
from B cells by various platform technology [1]. The hybridoma technique has been
mainly used since introduced by Köhler and Milstein in 1975 due to its simplicity and
efficiency [2, 3]. This technique is performed by fusion of B-lymphocyte isolated from
mice that have been immunized by specific antigen into myeloma cells [3].

The large-scale production ofMAbs is commonly performedusing in vitromethodby
cultivating the hybridoma cells in a culture medium supplemented with animal derived-
serum such as fetal bovine serum (FBS) or fetal calf serum (FCS) inside the bioreactor
or fermenter, which is maintained under optimum condition for the cell to grow [4]. The
serum contains various amino acids, growth factors, hormones, and nutrition supporting
cell growth [5]. As growth and proliferating factors, the use of serum in culture media
remains unavoidable. Meanwhile, using serum as supplementation of culture medium
has several advantages and disadvantages [6]. The process of obtaining the serum from
a calf or bovine may have an ethical issue related to animal welfare [6, 7]. Also, it has
been reported that animal-derived serum has a large variability of content due to batch,
source, and environment, which can ultimately lead to reproducibility problems in the
experiment. Since the environment may have an influence on serum content, the risk of
pathogens contamination must be considered too. Moreover, serum supplementation in
a culture medium during the production of MAb gives impurities and causes difficulties
in the purification process [5–10].

The problems that have been mentioned above encourage researchers to find a sub-
stitution of serum as a growth-promoting factor for cell culture. Several synthetic growth
factors, amino acids, chemical compounds, also trace elements such as transferrin, sele-
nium, and ascorbic acids were used to develop a new formula for serum-free medium
[6, 11]. For example, the combination of insulin, transferrin, and selenium, or ITS, has
recently been distributed and used as a growth-promoting factor in cell culture medium
[12].

Indonesia as a mega-biodiversity country, is known for its various natural resources.
Royal jelly (RJ) is secreted product from the hypopharyngeal and mandibular glands of
the worker bees (Apis mellifera L.), which has functioned as a nutrition source for the
larvae, also a development factor for the bees by regulating the metabolism and genes
that involved in the growth process [13, 14]. Generally, RJ contains 50–60% water, 18%
substances with a nitrogen structure, 15% glucose, 3–6% fats, and 1.5% trace elements
[14, 15]. A study performed by Jiang et al. [16] shows that Major Royal jelly Protein
(MRJP) which is included in RJ has an anti-senescence activity on human embryonic
lung fibroblast (HFL1) cell lines. This protein can stimulate synthesize of DNA, albumin
and enhance cell proliferation of the hepatocytes [17]. Moreover, it also increases the
lifespan and reproductivity ofDrosophila [18]. Therefore, RJ is expected to be a potential
supplement in the culture medium for mammalian cell culture, especially on hybridoma.
In this study, we investigated the effect of RJ supplementation in the culture medium
and its influence on MAb produced by the hybridoma.
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2 Materials and Methods

2.1 Design of Experiment

This study is a true experimental and was performed by a completely randomized trial
method, with three replications for each control and treatment group (n = 3).

2.2 Preparation of Royal Jelly Powder

The Royal Jelly was collected from Apis mellifera, which was domesticated in Indone-
sia, then formed into powder by freeze-dry method according to the previous study by
Fachrani et al. [19].

2.3 Medium Culture

There are two types of medium formula used in this experiment, RPMI-1640 supple-
mented with 3% FBS and 100 U/mL Gibco™ Penicillin-Streptomycin (Thermo Scien-
tific, USA), with an additional 1% RJ as the treatment group and without RJ as control.
MTT assaywas carried out using an initial medium as a control and two treatment groups
that consist of an initial medium supplemented with two concentrations of RJ, 1% and
0.5%, respectively.

2.4 Hybridoma Cell Lines

Hybridoma cell clones SF2 and RF10 were developed at Research Center for Vaccine
andDrug, National Research and InnovationAgency, Indonesia. These hybridomaswere
adapted in growth medium RPMI with 3% FBS and 1% Penicillin-Streptomycin. Both
clones produce Mouse IgG anti-Spike Protein of SARS-CoV-2 (Unpublished data).

2.5 Cell Culture Treatment and Monoclonal Antibody Production

On day 0, the hybridoma cells are seeded at a density of 1 x 105 viable cells per well
(using a 12-well plate) with the initial medium at least for two days under condition
temperature of 37 °C and supplied by 5% CO2. The cells were maintained every two
days by reducing and adding new media treatment in a ratio of 50:50 until day 7. On day
8, the number of viable cells per well is counted by hemocytometer and using trypan
blue staining to differentiate viable cells from dead cells. Then, the culture medium of
each treatment group was collected and centrifuged to remove the cells. The supernatant
obtained was stored at 4 °C until applied.

2.6 MTT Assay

In a parallel experiment, the cell viability of each treatment group was evaluated by
MTT assay. Initially, the cells were cultivated approximately at a density of 104/well
in a 96-well plate with an initial culture medium. After the confluence of cells reaches
approximately 70–80%, the cells aremaintained by reducing and adding a new treatment
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medium for 3 days. MTT reagent was dissolved in RPMI basal medium, then added into
each well and incubated for 4 h under dark condition in an incubator supplied with 5%
CO2 at the temperature of 37 °C. The formation of formazan crystal was observed under
themicroscope, then the reaction was stopped using themixture of DMSO and SDS lysis
solution with a ratio of 3:2 [20]. The optical density at 550 nm (OD550) was measured
using Synergy HTX Multi-Mode Reader (Agilent Technologies, USA).

2.7 Measurement of Monoclonal Antibody Production by Indirect ELISA

The Nunc MaxiSorp™ 96-well high-binding microplate (Thermo Scientific, USA) was
coated with 50 ng/well of antigen SARS-CoV-2 Spike Protein (Invitrogen, USA) and
incubated for 2 h, then blocked for 2h with 5% of Bovine SerumAlbumin (Sigma, USA)
in Phosphate-Buffered Saline containing 0.05%Tween-20 (PBS-T 0.05%). One hundred
fifty microliters of a supernatant sample was added into well as a primary antibody. A
monoclonal antibody against SARS-CoV-2 Spike protein (Invitrogen, USA) was used as
a positive control and a complete medium as a negative control. After overnight incuba-
tion at 4 °C, samples werewashedwith PBS-T 0.05% for 5 times before incubated for 2 h
with a secondary antibody against mouse conjugated stabilized peroxidase (Invitrogen,
USA) for supernatant samples and negative control, also anti-rabbit IgG conjugatedHRP
(GeneTex, USA) for positive control. Furthermore, the plate was washed for 5 times,
then 50 ⎧L/well of 1-Step™ Ultra TMB-ELISA (Thermo Scientific, USA) was added
to the well-plate and incubated under dark condition for 10 min. After incubation, 50
⎧L/well of 0.5 N H2SO4 was added to stop the reaction. Lastly, the optical density at
450 nm (OD450) was measured using the same multi-plate reader instrument that was
used for the MTT assay.

2.8 Data Analysis

All results in this study represent at least two independent experiments that yielded
similar findings. The statistical analysis was performed using GraphPad™ Prism 9. The
distribution of % cell viability data was tested with the normality test Shapiro-Wilk, then
the difference was analyzed using One Way ANOVA analysis followed with Tukey’s
test. Meanwhile, a descriptive statistic was used to analyze the number of cells/mL and
MAbs production by comparing the mean and standard deviation (SD). All values are
presented as themean±SD.The significancewas setwithP value< 0.05 and considered
statistically significant.

3 Results

3.1 Cell Proliferation in Culture Medium Supplemented with Royal Jelly

The number of viable cells after being cultivated and adapted gradually in a medium
containing 1% RJ is shown in Fig. 1. On day-0, cells were seeded at the same number
of viable cells. After eight days was adapted and maintained gradually in a medium
treated with 1% RJ, the number of viable cells on both clones increased almost three
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Fig. 1. Supplementation of RJ into the culture medium reduces the cell proliferation on both SF2
and RF10. A) The number of viable cells after eight days adapted in medium treatment. B) A
comparison of % viable cells between control, medium treated 1% RJ, and 0.5% RJ by MTT
assay. The values are the mean ± standard deviation (SD) (n = 3). *p < 0.05 and ** p < 0.01
versus control alone.

times from the initial number, approximately 2.8 x 105/mL for clone SF2 and 3 x 105/
mL for clone RF10 (Fig. 1A). However, these numbers are still less than the number of
the cells cultivated with the initial medium (without RJ supplementation). As presented
in Fig. 1A, on day 8, the number of cells clone SF2 and RF10 were 6.2 x 105/mL and
6.8 x 105/mL, respectively.

In addition, the MTT assay result shows that the % cell viability on both clones
was significantly decreased after adding 1% RJ in the culture medium. Meanwhile, the
lower concentration of RJ added into the medium did not affect the % cell viability
significantly (Fig. 1B). It is also supported by microscopy observation shown in Fig. 2.
The confluence of both clones from day 6 adapted in the medium supplemented with
1% RJ was starting to decrease. On day 8, the cell confluency of both clones that were
treated with 1% RJ was significantly lower than the control (Fig. 2).
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Fig. 2. The cell condition and confluency under the microscope (M = 200) on day 2, 4, 6, and 8
during adaptation in media supplemented with 1% RJ and control media.A) Clone SF2. B) Clone
RF10.

3.2 Additional of Royal Jelly Reduces the Level of a Monoclonal Antibody
Produced by Hybridoma

Further, the level of a monoclonal antibody that was released into the culture medium
by both of clone SF2 and RF10 was measured by ELISA. In this experiment, the com-
mercial MAb was used as positive control and the initial medium culture as a negative
control. The commercial MAb gave a high signal with a value up to 1.5 at wavelength
450 nm. It shows that commercial MAb was reactive to antigen-coated on 96-well-plate.
Meanwhile, the initial medium culture containing 3% FBS gave a low signal almost as
the baseline. Therefore, both positive and negative controls show that the ELISA system
during experiment was working well (Fig. 3).
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Fig. 3. The level of a monoclonal antibody produced by clone SF2 and RF10 that were cultivated
in themediumwith orwithout supplementation of RJ. The optical densitywasmeasured at 450 nm.
The values are the mean ± standard deviation (SD) (n = 3).

Based on Fig. 3, the absorbance of the supernatant sample from clone SF2 that was
treatedwithRJ is lower than the samplewhichwas untreated byRJ.A similar data trend is
also observed on the absorbance of samples from clone RF10. The monoclonal antibody
that was released into the medium from clone RF10 treated with RJ was significantly
decreased compared to the untreated sample.

4 Discussion

The results presented in this study show clearly that the addition of 1% RJ in the culture
medium decreases the cell viability of both clones of hybridoma used in the experiment.
The decreasing viable cell number has affected the reduction of themonoclonal antibody
that is released into the culture medium. According to Gregory et al. [21], death cells
affect the neighbour viable cells since lipid moieties from the death cells membrane,
proteolytic enzymes, and immunomodulatory molecules released into the medium can
suppress cell growth. Thus, the cells cannot reach the exponential number which is
needed to maximize antibody production during the decline phase [21, 22]. The similar
findings are also presented in the previous study by Fahrani et al. [19]. According to
a previous study, an additional 1% royal jelly and honey in DMEM medium cannot
promote proliferation in the human fibroblast cells [19, 23].

In addition, by comparing the cell number of hybridoma treated with RJ and without
RJ, there is a significant decrease in cell number that indicates the cytotoxicity effect of
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RJ. Royal jelly is a crude material that contains various substances, including a small
number of polyphenols and enzymes, since it is derived from mandibular glands. A
study reported that RJ has several bioactivities such as anti-inflammatory, anti-cancer,
and antioxidant [24–26]. There is a possibility that some substances included in crude
RJ may induce cell apoptosis on immortalized cells. As we know, the hybridoma was
generated from the fusion between B-lymphocytes and myeloma cells, which means the
hybridoma cell carried a part of myeloma character as immortal cells.

In conclusion, the supplementation of 1% RJ in a culture medium with 3% FBS
is insufficient to promote cell proliferation and viability. It may cause the reduction
of a monoclonal antibody produced by hybridoma. However, there are limitations in
this study, such as cell cycle analysis and limited variant of RJ concentration tested
in this study. Hence, the suitable concentration of RJ should be optimized in the future
experiment. The fractionation of crudeRJmust be performed to obtainMRJP and remove
unnecessary substances since it may reduce the cytotoxicity on hybridoma and gives a
clear explanation about the mechanism of action specifically.
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26. Petelin A, Kenig S, Kopinč R, Deželak M, Bizjak MC, Pražnikar ZJ. Effects of royal jelly
administration on lipid profile, satiety, inflammation, and antioxidant capacity in asymp-
tomatic overweight adults. Evid Based Complement Alternat Med. 2019 Jun;2019:4969720.
https://doi.org/10.1155/2019/4969720.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.

https://doi.org/10.3892/mco.2020.2099
https://doi.org/10.3390/ijms19123979
https://doi.org/10.1155/2019/4969720
http://creativecommons.org/licenses/by-nc/4.0/

	The Effect of Indonesian Royal Jelly Supplementation on the Growth of Hybridoma and Its Monoclonal Antibody Production
	1 Introduction
	2 Materials and Methods
	2.1 Design of Experiment
	2.2 Preparation of Royal Jelly Powder
	2.3 Medium Culture
	2.4 Hybridoma Cell Lines
	2.5 Cell Culture Treatment and Monoclonal Antibody Production
	2.6 MTT Assay
	2.7 Measurement of Monoclonal Antibody Production by Indirect ELISA
	2.8 Data Analysis

	3 Results
	3.1 Cell Proliferation in Culture Medium Supplemented with Royal Jelly
	3.2 Additional of Royal Jelly Reduces the Level of a Monoclonal Antibody Produced by Hybridoma

	4 Discussion
	References


