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Abstract 

Immunostimulants are greatly required for the upregulation of immunity to fight against viral and 

bacterial infections and cancers. Bell peppers (Capsicum annuum L.), eaten as vegetables, are rich 

sources of vitamin C and E, provitamin A, β-carotene, and numerous phenolic compounds. 

Antimicrobial, antioxidant, anti-mutagenic and anti-inflammatory properties of Bell peppers were 

reported. Our research group for the first time reported the immunomodulatory activities of Bell 

peppers. In this study, we evaluated the antibody production abilities of two different colored Bell 

peppers (red and green) in the culture of antibody producing splenic B cells of mice. Antibodies and the 

number of viable cells were determined by an ELISA and MTT assays, respectively. Red Bell pepper 

Extract (RBPE) at the doses of (0.375, 0.75, 1.5, and 2.25 mg/mL) significantly augmented the 

production of polyclonal IgM and IgG antibodies in-vitro. The highest amount of IgM antibody 

production was observed by the dose of 1.5 mg/kg which was 3 times higher than that of the untreated 

cells. Similarly, RBPE also enhanced the production of IgG antibody in the culture of murine splenic B 

cells. On the contrary, cultural treatment of murine splenic B cells with Green Bell pepper Extract 

(GBPE) could not stimulate the B cells, and hence, failed to produce neither IgM nor IgG antibody. 

Thus the current findings suggest that consumption of Red Bell Pepper extract or its vegetables, not 

green pepper, may be beneficial to strengthen humoral immune responses. 
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Introduction 

 Immunity is an important factor for the 

prevention of microorganisms, hence possible 

infections, and cancers. Human body has its own 

defensive capacity to protect it from the infectious 

pathogens, such as bacteria, viruses, fungus, etc., and 

to eliminate/destroy cancer cells as soon as they 

appear thus protects the body against infection and 

disease (Günther and Seyfert, 2018). It is a complex 

and integrated system of cells, tissues, and organs 

that has specialized roles in defending against foreign 

substances and pathogenic microorganisms, including 

viruses. Thus, a healthy immune system by its self-

surveillance mechanism prevents all sorts of viral and 

bacterial infectious (Sarker and Gohda, 2013). 

Unfortunately, the defensive capacity of the immune 

system is impaired by many factors and in many 

conditions, such as stress (Vitlic et al., 2014), aging 

(Vitlic et al., 2014), chronic insomnia (Besedovsky et 

al., 2019), lack of exercise or sedentary life-style and 

poor nutrition (Hickman et al., 2014), obesity 

(Zlotnikov et al., 2017), in conditions like diabetes 
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(Toniolo et al., 2019), cancer (Goswami et al., 2017), 

intake of adulterated foods, acquired immunod-

eficiency syndrome (AIDS) (Paiardini   et al., 2008), 

burn and sepsis (Ren et al., 2020), etc. Immunity is 

also suppressed greatly in patients receiving 

chemotherapy and radiotherapy. Intake of antibiotics 

destroys immune cells and worsen all sorts of 

microbial infections (Ankomah et al., 2014). In 

addition, intake of most of the medicines adversely 

impact on immunity (Kidd et al., 2016). Almost 

everybody is more or less exposed to one or more of 

the above factors impairing immunity. Therefore, 

people are susceptible to infection and the body’s 

immune system cannot prevent the entry of microbes 

and further defeat causing from infections. 

Administrations of external immunostimulants, 

especially dietary materials having therapeutic value 

due to the presence of bioactive compounds, play a 

significant role for the up-regulation of the immune 

system to prevent the entry of microorganisms and 

further progress of the infections caused by bacteria 

and viruses as well as for the prevention of cancers.   

 In recent days, functional foods, nutraceuticals 

and phytomedicines have attracted the attention of 

researchers and healthcare givers, specially for 

therapeutic benefits without or with minimum side-

effects (Chen et al., 2019; Chen et al., 2018; Das et 

al., 2017; Kamarudin et al., 2017; Karim et al., 2015; 

Khan et al., 2019; Munira et al., 2020; Nesa et al., 

2018). Bell peppers (Capsicum annuum L.) are eaten 

all over the world as fresh, healthy and tasty 

vegetables are available in red, green, orange, yellow 

and black colours. Although all types of Bell peppers 

are good sources of antioxidants, such as vitamin C, 

provitamin A, vitamin E, and flavonoids 

(Ghasemnezhad et al., 2011), the nutritional contents 

and phytoconstituents are also varied among different 

coloured Bell peppers. Scientific investigations on 

Bell pepper extracts and its constituents have been 

reported to exhibit anti-microbial, anti-mutagenic, 

anti-cancer, and anti-inflammatory (Sancho et al., 

2002; Park et al., 2012)) properties. However, effects 

of Bell peppers in immunity were not studied. We for 

the first time reported the immunostimulating 

potential of red Bell pepper extract (RBPE) which 

potently promoted the productions of both the 

polyclonal immunoglobulin (Ig) M (Goto et al., 

2010) and antigen-specific IgM and IgG antibodies in 

murine B cells in vitro and ex vivo (Sarker and 

Gohda, 2013). So far the immunostimulating 

activities of other colors of Bell peppers have not yet 

been reported. We, therefore, aimed to evaluate the 

effects of red and green coloured Bell pepper extracts 

to stimulate the production of IgM and IgG 

antibodies as well as the proliferation of antibody 

producing splenic B cells in vitro.          

 

Materials and methods 

 Chemicals and reagents: Roswell Park 

Memorial Institute (RPMI) 1640 medium was 

purchased from ICN Biomedicals (Irvine, CA, USA), 

lipopolysaccharide (LPS) from Escherichia coli 

055:B5, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-

terazolium bromide (MTT), bovine serum albumin 

(BSA) (Fraction V), Sigma Fast o-phenylenediamine 

(OPD), and fetal calf serum (FCS) were obtained 

from Sigma-Aldrich Co. (St. Louis, MO, USA). 

Horseradish peroxidase (HRP)-conjugated goat anti-

mouse IgM and anti-mouse IgG were obtained from 

Kirkegaad & Perry Laboratories (Gaithersburg, MD, 

USA). 

 Freeze-dried powder of red and green coloured 

Bell peppers: Fleshes of red and green Bell peppers, 

cultivated in Miyazaki Agricultural Research 

Institute, were freeze-dried and powdered using a 

mill equipped with a 0.5 mm screen (Ultra 

Centrifugal Mill EM-1, MRK-RETSCH) at Miyazaki 

Prefecture Foods Research and Development (R&D) 

Centre (Miyazaki, Japan). The freeze-dried powder 

material was kindly donated to our laboratory for 

experiment purposes in the year 2008. 

 Preparation of Bell pepper extracts: One gram 

of Bell pepper powder was mixed with 10 volumes of 

phosphate buffered saline (PBS) with continuous 

stirring at 40ºC by magnetic stirrer for 1.5 h followed 

by being centrifuged at 21000 × g for 20 min and 

4ºC. The supernatant was collected by decantation as 

extract. The resulting precipitate was again mixed 

with 5 volumes of PBS for another 1.5 h under 
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continuous stirring followed by centrifugation, and 

the supernatants were collected, as previously 

mentioned, and combined with the previous 

supernatants. The pH of the collected supernatants 

was measured about 7, and these were passed through 

three consecutive membrane filters having pore size 

of 5.0, 0.45 and 0.22 µm, and the filtrate was stored 

at  -80 ºC for until use. The concentration (w/v) of the 

extract was calculated by subtracting the weight of 

lyophilized PBS of the same volume from the weight 

of the lyophilized PBS extract.  

 Mice: Female BALB/c mice were purchased 

from Charles River Japan (Yokohama, Japan). The 

mice were maintained under specific pathogen-free 

conditions in the animal facility of Okayama 

University and used between 8 and 12 weeks of age. 

All experimental procedures concerned with mice 

were performed according to the guidelines 

established by the Ministry of Education, Culture, 

Sports, Science and Technology of Japan, and to the 

Guidelines for Animal Experiments at Okayama 

University and were approved by the Animal 

Research Control Committee of Okayama University, 

Japan. 

 Cell culture and re-culture with the treatment of 

Bell pepper extracts: Cell culture and re-culture for 

antibody production were performed as described 

previously (Sarker et al., 2014; Sarker et al., 2012a; 

Sarker, 2012). Whole splenocytes from BALB/c 

female mice, depleted of erythrocytes, were prepared 

by lysis of erythrocytes with ACK lysis buffer (0.15 

M NH4Cl, 10 mM KHCO3, 0.1 mM Na2EDTA; pH 

7.2). Freshly prepared splenocytes were suspended in 

basal culture medium (Rosewell Park Memorial 

Institute/RPMI 1640 medium, supplemented with 

10% heat-inactivated FCS, 2 mM L-glutamine, 100 

U/mL of penicillin G and 100 µg/mL of 

streptomycin). One hundred µL of spleen cells 

suspension (2.5×10
5 
cells/100 µL/well) were plated in 

96-well U-bottom plates (Nunc, Roskilde, Denmark) 

and incubated at 37ºC for 30 min in a fully 

humidified atmosphere containing 5% CO2. Fifty µL 

of 2-mercaptoethanol (2-ME) (0.2 mM), diluted with 

the basal culture medium, was added into each well. 

The different doses of red and green Bell pepper 

extracts (0.1876, 0.375, 0.75, 1.5, 2.25 and 3.0 

mg/mL) were prepared with the dilution of basal 

culture medium and 50 µL of extract solution was 

added to each well in culture plates which were 

incubated for 5 or 7 days with or without the 

incorporation of extracts and standard 

immunostimulating agent, lipopolysaccharide (LPS: 

0.01 µg/mL). In control group, the splenocytes in 

each well were cultured with 50 µL of 2-

mercaptoethanol and 50 µL of basal culture medium 

only, without any treatment. The cultured 

supernatants were then collected and frozen at -30ºC 

for IgM-ELISA and the cells pellets were used for 

proliferation study. 

 Determination of the production of IgM and IgG 

antibodies by ELISA method: The levels of IgM and 

IgG antibodies were measured by a sandwich ELISA 

as described previously (Sarker et al., 2012b; Sarker 

et al., 2012c; Sarker et al., 2011; Sarker and Gohda, 

2013). Briefly, each well of 96-well microtiter plates 

(Maxisorp, Nunc, Roskilde, Denmark) was coated 

with 50 µL/well of goat anti-mouse IgM antibody (10 

µg/mL), diluted with phosphate buffer saline (PBS), 

and incubated overnight in the dark at 4ºC. The plates 

were washed three times by PBS containing 0.05% 

Tween 20 (wash-buffer) (200 µL/well). The wells 

were blocked with 200 µL of 1% bovine serum 

albumin (BSA) in PBS for 2 hours at room 

temperature. After washing the plates, 100 µL/well of 

cultural supernatants (diluted with 1% BSA-PBS-

Tween 20, accordingly) or standard mouse-IgM were 

added into each well and the plates were incubated 

for 2 hours at room temperature. The plates were 

again washed three times by wash buffer 

(composition: 50 mM Tris, 0.14 M NaCl, 0.05% 

Tween 20, pH 8.0) (200 µL/well). Fifty µL per well 

of horseradish peroxidase-conjugated goat anti-

mouse IgM antibody (0.2 µg/mL) was added into 

each well and the plates were incubated for 1 h at 

room temperature. After washing the plates, 100 

µL/well of 0.1 M citrate buffer (pH 4.0) containing 

2.5 mM 2,2´-azino-bis (3-ethylbenzthiazoline-6-

sulfonic acid) and 0.17% H2O2 were added.  The 

plates were incubated for 10 min at room temperature 
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and the optical densities at 405 nm were measured 

using an automatic plate reader (Bio-Rad 

Laboratories, USA). 

 Statistical analysis of data: The results are 

expressed as mean ± S.E.M. of three or five 

independent experiments, or S.D. of triplicate 

cultures. The data were analyzed by one-way analysis 

of variance (ANOVA) followed by (Tukey’s HSD 

test).  P values less than 5% were considered as 

significant.  

 

Results  

 Enhancement of polyclonal IgM production in 

murine splenocytes by red Bell pepper extract, not by 

green Bell pepper extract: BALB/c female mice 

spleen B cells were cultured with or without different 

doses of red and green colored Bell pepper extracts 

for 5 days and the amount of IgM production in the 

cultural supernatants were determined by an IgM-

ELISA. As shown in the Fig. 1, the red Bell pepper 

extract enhanced polyclonal IgM production in a bell-

shaped dose-response manner. The extract at the 

doses of 0.375 mg/mL, 0.75 mg/mL, 1.5 mg/mL and 

2.25 mg/mL significantly increased IgM production 

in B cells compared to untreated cells. The highest 

enhancement was 300% at a dose of 1.5 mg/mL 

compared to control. On the contrary, none of the 

doses of green Bell pepper extract could increase in 

IgM production at all, in the supernatants of same 

culture.  

 

 
Figure 1. Evaluation of the activity of red and green colored Bell pepper extracts for the production of IgM antibody in 

cultural supernatants of murine whole spleen cells. BALB/c mice spleen cells (2.5 ×105 cells/well) were incubated with 

the indicated concentrations of red and green Bell pepper extracts at 37º C in the 5% CO2 incubator for 5 days. The IgM 

level in the supernatants was determined by an ELISA. The data are expressed as mean ± S.E.M. of five (red Bell 

pepper extract) or three (green Bell pepper extract) independent experiments. *P<0.05 and **P<0.01, as compared with 

the control (Tukey’s  HSD  test).  

 

 Red Bell pepper extract (RBPE) significantly 

promoted IgG antibody production in murine B cells 

but green Bell pepper extract (GBPE) did not show 

any immune stimulating activity: BALB/c female 

mice whole spleen cells were incubated with or 

without different doses of the RBPE and GBPE for 7 
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days and the amounts of IgG in the cultural 

supernatants were determined by ELISA. As shown 

in the Figure 2, the red Bell pepper extract 

significantly enhanced IgG production in a dose-

response manner likewise as shown in Figure 1. On 

the other hand, none of the doses of GBPE could 

stimulate the production of IgG.  

 

 
 

Figure 2. Evaluation of the activity of red and green colored Bell pepper extracts for the production of IgG antibody in 

cultural supernatants of murine whole splenocytes. BALB/c mice spleen cells (2.5 ×105 cells/well) were incubated with 

the indicated concentrations of red and green Bell pepper extracts at 37º C in the 5% CO2 incubator for 7 days. The IgG 

level in the supernatants was determined by an ELISA. The data are expressed as mean ± S.D. of triplicate cultures.  

 

 
 

 

Fig 3. Comparison of the level of IgM and IgG production in culture supernatants of murine B cells by red Bell pepper 

extract in murine spleen cells in culture. BALB/c mice spleen cells (2.5 x 105 cells/well) were cultured with the 

indicated concentrations of red Bell pepper extracts at 37º C and 5% CO2 maintaining incubator for 5 and 7 days, 

respectively. The IgM and IgG production in cultural supernatants were determined by ELISA. Each point is the mean 

of ± S.E.M. of five independent experiments (Tukey HSD). *p<0.05 and *p<0.001 as compared to control.  
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Discussion 

 The findings of the present study demonstrated 

that between the red and green Bell peppers, only the 

red Bell pepper extract has exhibited its 

immunostimulating ability which was evident from 

its effect with the augmentation of the levels of both 

IgM and IgG antibodies (Figures 1 and 2). On the 

contrary, the green Bell pepper does not have 

immunostimulating ability to increase either IgM or 

IgG antibodies. This means the active ingredient(s) of 

Bell pepper extract responsible for the 

immunopotentiating activity is not common 

ingredient(s) of all colored Bell peppers. RBPE 

promoted the differentiation of B cells to plasma cells 

in polyclonal responses that is evident from the 

formation of enhanced IgM (Figure 1) and IgG (Fig. 

2). Our research group previously reported the 

promotion of the differentiation and the proliferation 

of murine B cells by RBPE in antigen-specific 

antibody productions in immune responses (Sarker 

and Gohda, 2013). However, the IgM antibody 

production ability of red Bell pepper extract was 

found to be higher than that of IgG antibodies 

produced by the same doses of red Bell pepper 

extract (Fig. 3).    

 Antibodies have the ability to neutralize toxins, 

protect the invasion of microorganisms into host 

cells, make microbes susceptible to phagocytosis by 

giving a coat on it, and activate complement cascade 

by forming antibody(Ab)-antigen complexes (Ollila 

and Vihinen, 2005). IgM Ab is produced in primary 

immune response and act as vanguard for antigen 

defense in an early phase of antigen removal. IgG 

Abs are generated following class switching and 

maturation of the Ab response; thus predominant in 

secondary immune response (Roitt et al., 2001). IgM 

and IgG Abs together provide total humoral 

immunity (short-term and long-term protection) of 

the body to fight against all sorts of foreign 

pathogens, cancer cells and toxic substances (Sebina 

and Pepper, 2018). That’s why, we evaluated the 

activity of RBPE and GBPE for the induction of IgM 

and IgG Ab productions.   

 The selection of an ideal dose is the key to 

achieve the desired immunostimulation. When the 

dose of an immunostimulant surpasses optimal level, 

it exhibits suppressive activity in general (Calabrese 

and Baldvin, 2001). As shown in the Figs. 1 and 2, 

the optimum dose of RBPE for both IgM and IgG 

productions was 1.5 mg/mL. The activity of RBPE 

was suppressed with the increasing of doses beyond 

the optimal dose. The extract doses 2.25 and 3.0 

mg/mL exhibited declined activity after its optimum 

dose 1.5 mg/mL. Calabrese et al. reported that 

immunostimulants usually display suppressive 

activity, if the dose surpasses optimal level 

(Calabrese and Baldvin, 2001). The main reason of 

immunosuppression by red Bell pepper extract at 

higher doses is not known. However, the extract may 

contain some chemical(s) that are active at higher 

concentration(s). 

 Immunostimulants are crucially important for the 

prevention and treatment of cancer (the appearance of 

cancer is a failure of immune surveillance to destroy 

cancer cells as soon as they appear); mitigation of 

immunodeficiency diseases; to retain normal 

immunity in general immunosuppression following 

drug treatment or during chemotherapy for the 

treatment of cancer; for combination therapy with 

antibiotics to reduce the use of antibiotic or to 

enhance the pharmacological response of the 

antibiotic/antimicrobial drugs against the infected 

microbes (robust immune response in coordination 

with drug to clear infection); and as immunogenic 

adjuvants for vaccines (Popov et al., 2010). Bacterial 

poly-resistance to antibiotics and its side-effects 

including allergy, immunosuppression, etc. greatly 

demands the introduction of new and effective 

immunostimulants (Petrunov et al., 2007). Currently 

using synthetic adjuvants and immunostimulants, 

such as levamisole, thalidomide, etc., are toxic 

towards normal cells and exhibit many serious side-

effects including hepatotoxicity, nephrotoxicity, 

hypertension, bone marrow depression, myalgia, etc. 

(Diasio and LoBuglio, 1996). Therefore, it is very 

necessary to search for novel immunostimulant(s) 

having no or minimum side-effect(s) and are potent 
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enough to induce humoral and cellular immunity for 

the entire defense of the body. Plants, fruits, 

vegetables and spices are among the most important 

targets to search for such immunomodulators as these 

materials are safer, cheaper and effective without 

side-effects. Recently, there is a growing interest to 

know the therapeutic and nutritional value of the 

dietary materials and to use dietary supplements to 

boost immune responses (Carrasco et al., 2009). 

Dietary materials, with their bioactive substances, 

directly influence the functional activities of our body 

for energy, growth, nutrition and defence, and many 

other therapeutic activities including diabetes, cancer, 

immunity, inflammation, infections, hyperlipidemia, 

etc. (Kifayatullah et al., 2017; Sarker       et al., 2016; 

Sarker et al., 2015; Shah et al., 2016; Shajib et al., 

2018; Sheikh et al., 2017a; Sheikh et al., 2017b). Red 

Bell pepper fruit is eaten all over the world as 

vegetables. Hence, the red Bell pepper or its extract 

can be a strong candidate that may be used for the 

stimulation of antigen-specific humoral immune 

responses.  

 

Conclusion 

 Our data clearly demonstrates that RBPE 

promoted the production of both IgM and IgG 

antibodies in polyclonal responses, whereas GBPE 

could not promote the production of neither IgM nor 

IgG antibodies. Although green Bell pepper may be 

enriched with several other phytoconstituents that 

may be beneficial for other healthcare purposes, none 

of the phytoconstituents present in the aqueous 

extract of our investigation could exhibit the 

immunoenhancement in the culture of murine whole 

spleen cells. To the best of our knowledge, this is the 

first report on the activity of GBPE on immunity for 

antibody production. Based on experiment results we 

can conclude that red Bell pepper fruit (as food 

material) or its extract, in combination with other 

chemicals, may be beneficial to induce immune 

responses in case of suppressed immune functions or 

to enhance the normal immunological status to 

protect against infections or as an immune adjuvant 

in vaccine. Further investigations and identification 

of the active ingredient(s) from RBPE may lead to 

the invention of novel immunostimulants that may be 

used for the maintenance or strengthening of 

immunity.  

 List of Abbreviations: Ab: Antibody, ANOVA: 

Analysis of variance, BSA: Bovine serum albumin, 

ELISA: Enzyme-linked immunosorbent assay, FCS: 

Fetal calf serum, HRP: Horseradish peroxidase, Ig: 

Immunoglobulin, LPS: Lipopolysaccharide, ME: 

Mercaptoethanol, MTT: 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenylterazolium bromide, PBS: Phosphate 

buffered saline, RBPE: Red Bell pepper extract,  

GBPE: Green Bell pepper extract, RPMI: Roswell 

Park Momorial Institute. 
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