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Abstract: The most effective method of treating allergic diseases, aimed not at relieving symptoms, 
but at eliminating the cause of the disease, is allergen-specific immunotherapy (AIT). To reduce the 
risk of side effects and improve the delivery of allergens to the mucosa, various delivery systems, 
such as liposomes, dendrimers, nanoparticles, etc., can be used. To date, there are data on the crea-
tion of delivery systems based on glycyrrhizic acid (GA) and its derivatives, but such a delivery 
system has not been used for allergen-specific therapy until now. At the same time, it is known that 
GA has an anti-inflammatory effect, shifts the balance towards Th1, and increases the number of 
Treg cells, which means that in the future it can enhance the anti-allergic effect of AIT and reduce 
the risk of unwanted side effects. Thus, the study of the immunomodulatory effect of supramolec-
ular complexes (micelles) of GA with extracts of allergens seems to be very promising for the devel-
opment of new drugs for AIT 
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1. Introduction.  
According to literary sources, glycyrrhizic acid, the main bioactive glycoside of lico-

rice root, has a wide range of pharmacological properties, including anti-inflammatory 
action, and also promotes sputum discharge, due to which licorice-based drugs are suc-
cessfully used to treat diseases such as bronchial asthma and allergic rhinitis [1-3]. Addi-
tionally, in the last decade, it was found that glycyrrhizic acid and its derivatives have a 
pronounced antiallergic effect, due to which the use of these substances in the complex 
therapy of allergic diseases is becoming relevant [4-9]. In addition, it is known that glycyr-
rhizic acid and its derivatives have the ability to form intermolecular complexes and mi-
celles, including drug molecules for targeted delivery [10]. 

Interest in glycyrrhizic acid and its derivatives as a basis for drug delivery systems 
can be seen in researchers around the world [11-19]. The above studies have demonstrated 
the high efficiency of micellar systems of glycyrrhizic acid for solubilization and increas-
ing the bioavailability of poorly soluble drugs and enhancing their pharmacological ac-
tion. Drugs with different pharmacological actions have been used as "delivered" mole-
cules; however, the study of glycyrrhizic acid complexes with antiallergic drugs has not 
yet been carried out. 

As is widely known, the most effective method of treating allergic diseases, allowing 
one to change the response of the immune system to the causative allergen and prevent 
further development of allergies, is allergen-specific immunotherapy (AIT). Immunolog-
ical changes occurring in the body during AIT include restructuring of the immune 
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response from Th2-type to Th1-type, the formation of allergen-specific "blocking" IgG an-
tibodies, as well as the induction of T-regulatory cells [20-22]. It is known that glycyrrhizic 
acid has an anti-inflammatory effect, shifts the balance towards Th1, and increases the 
number of Treg [5,6], which means that in the future, it can enhance the anti-allergic effect 
of AIT and reduce the risk of unwanted side effects. 

The use of delivery systems during AIT can increase the efficiency of the procedure. 
Thus, subcutaneous administration of liposomes containing house dust mite allergens in 
patients with bronchial asthma showed a decrease in the severity of symptoms, a decrease 
in the need for symptomatic therapy, and a decrease in the level of specific IgE [23]. Ad-
ditionally, a study was carried out in a mouse model of intradermal administration of a 
nanoemulsion complex with T-cell epitopes of the Japanese cedar allergen; after therapy, 
a significant decrease in specific IgE was observed [24]. The prospects for intranasal ad-
ministration of allergens in combination with carriers of lipid origin in the treatment of 
allergic diseases were also assessed. Thus, in a model of allergic rhinitis in mice sensitized 
to a cat hair allergen, intranasal administration of the allergen in liposomes based on phos-
phatidylcholine and cholesterol led to a decrease in the severity of clinical symptoms, a 
decrease in IL-5 expression, and an increase in the expression of suppressive cytokines IL-
10 and TGF-β after provocation by the allergen [25]. Similar results were demonstrated in 
a mouse model of atopic bronchial asthma sensitized to cockroach allergens [26]. Moreo-
ver, there is evidence of intranasal use of allergens in combination with nanoemulsions as 
adjuvants [27]. However, at the same time, the literature does not present data on the use 
of delivery systems for AIT based on glycyrrhizic acid. 

The standard option for subcutaneous administration of the allergen carries risks of 
adverse events associated with injecting the drug. In this regard, the task of searching for 
new methods of administration seems to be urgent. Now, the use of dosage forms applied 
to mucous membranes, in particular, intranasally (mucosal vaccines), seems to be espe-
cially promising. The undoubted advantages of such treatment include the absence of 
risks associated with the injection of the allergen, as well as the ease of therapy, which 
increases the patient's adherence to the recommended treatment regimen. In addition, ep-
ithelial cells of the nasal mucosa seem to be involved in the capture and presentation of 
the allergen [28], which makes intranasal administration of the drug even more promis-
ing. It is known that glycyrrhizic acid has an anti-inflammatory effect on the cells of the 
nasal mucosa, lowering the production of pro-inflammatory cytokines [3,4], which may 
lead to a decrease in the frequency of local adverse reactions during intranasal AIT with 
supramolecular complexes of glycyrrhizic acid and an allergen. 

Thus, based on the analysis of the current state of research, it seems relevant, prom-
ising and scientifically novel to study the biological properties of supramolecular com-
plexes of glycyrrhizic acid with extracts of allergens, in particular with one of the most 
important allergens—the house dust mite allergen. 

2. Materials and methods. 
2.1. Materials. 

Glycyrrhizic acid (GA) was kindly provided by the researchers from the Institute of 
Solid State Chemistry and Mechanochemistry by the Group of Mechanochemistry of Or-
ganic Compounds (Novosibirsk, Russia). The recombinant peptide Der p 1 (Prospecbio, 
USA) was used as a house dust mite peptide. As a material for the study, we used cell line 
RPMI-2650 (Institute of Cytology RAS, Saint Petersburg, Russia), cell line B16 (kindly pro-
vided by Dr. G.V. Seledtsova, Laboratory of Cellular Biotechnologies RIFCI, Novosibirsk, 
Russia) and peripheral blood mononuclear cells (PBMCs) from healthy donors (n = 10). 
PBMCs were isolated from heparinized venous blood by centrifugation in a density gra-
dient of ficoll–urografin (1.077 g/cm3). The Ethical Committee of RIFCI, Russia, approved 
the study design and the recruitment of donors. Donors provided written informed con-
sent. The relevant guidelines and regulations were followed when performing the exper-
iments. 
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2.2. Light scattering assay. 
Particle size was measured in solutions by light scattering on a Photocor Compact-Z 

(Photocor Instruments, Inc., USA). We studied aqueous solutions of peptide Der p 1, GA 
and a solution obtained by mixing the two previous solutions 1:1. In each solution, meas-
urements were carried out two times: 1-5 hours after preparation, and one day after prep-
aration. 

2.3. Cell cultures 
RPMI-2650 were cultured in MEM containing 50 μg/ml gentamicin, 25 μg/ml 

thienam, and 10% inactivated FСS serum. B16 and PBMCs cells were cultured in RPMI-
1640 containing 0.3% L-glutamine, 50 μg/ml gentamicin, 25 μg/ml thienam, and 10% in-
activated FСS serum. The cultures were performed in the presence of the Der p 1 in mix-
ture with GA (1:10) in different concentrations. As a control, we used non-treated PBMCs 
and PBMCs cultured with GA or Der p 1. 

2.4. Viability assay 
B16 and RPMI-2560 cells (104 cells/well) and PBMCs (105 cells/well) were cultured in 

a 96-well plate (Costar, UK). The cells were cultured in the presence of various concentra-
tions of GA, Der p 1 or Der p 1:GA (1:10) for 72 h.  DMSO was used as a positive control. 
After 72 hours, 10 μl of WST-1 (Takara Bio, Kusatsu, Japan) stock solution was added into 
each well containing 100 μl of cell suspension. The absorbance was directly read at 450 
nm, and the reference was read at 620 nm. 

2.5. Transport assay  
RPMI 2650 cells were transferred to Transwell TM microporous filters at approxi-

mately 4×105/well and incubated for 8 days; then, the culture medium was added from the 
basolateral side and culture was continued for about 14 to 21 days under the above con-
ditions, with the culture medium being replaced every 2-3 days. The determination of 
permeability on the culture of RPMI 2650 cells should not be carried out until the integrity 
and functionality of the monolayer has been established. To determine the suitability of 
the system, the transepithelial electrical resistance (TEER) is determined. A monolayer of 
RPMI 2650 cells is considered suitable for determining permeability if the value of TEER 
reaches a plateau and has a value from 75 Ohm/cm2 to 180 Ohm /cm2. The measurements 
of TEER were carried out before and after the introduction of samples. 

The permeability of Der p1 across the RPMI-2650 monolayer was studied.  Der p 1 
or Der p1:GA (10 :10) solutions were added to the apical chamber. After the addition of 
solutions, samples were taken in the basal chamber after 15, 30, 45, 60, 90, 120, and 180 
minutes. The medium in equal volume to the sample was added to the basal chamber 
after sampling. Samples were frozen at -20 °C and stored until use. Der p1concentration 
was measured in samples using the ELISA technique following the manufacturer's in-
structions (Indoor Biotechnologies, VA, USA). 

2.6. T cell Analysis 
PBMCs (106 cells/well) were cultured in a 24-well plate (Costar, UK). The cells were 

cultured in the presence of various concentrations of GA, Der p 1 or Der p 1:GA (1:10) for 
120 h.  To evaluate the percentage of lymphocyte subsets, PBMCs after cultivation were 
stained with monoclonal anti-human antibodies (CD25-PE/Cy7, CD3-APC, CD4-
PerCP/Cy5.5, and CD127-APC/Cy7) all from BioLegend, (San Diego, CA, USA). Analyses 
were performed using FACSCanto II (Becton Dickinson, USA) and FACSDiva software 
(Becton Dickinson, USA). Treg population was identified as CD3+CD4+CD25+/highCD127-

/low cells. 

3. Results and discussion. 
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We have obtained a complex of GA with a peptide of the house dust mite der p 1. 
According to the data obtained, the delivery system works most efficiently when using a 
ratio of 10:1 (GA:Der p 1) by mass fraction of the substance. We studied aqueous solutions 
of peptide 10 μg /L (blue curves), HA 100 μg /L (red curves), and a solution obtained by 
mixing two previous solutions 1:1 (green curves) (Fig.1). In each solution, measurements 
were carried out two times: 1-5 hours after preparation (solid line), and one day after 
preparation (dashed line). The error in measuring the particle size is 15%. The size of the 
peptide particles varied from 28 nm to 148 nm, which indicates that the particles have an 
elongated shape, such that the dimensions of the particles differ greatly. A day later, the 
distribution broadens even more, and a second peak appears, which can indicate the de-
ployment of peptide particles in solution. In an aqueous solution of GA, GA molecules 
form associates 200 ± 70 nm in size, but also much larger associates, larger than 2000 nm, 
as can be seen in the graph. A day later, the number of 200 nm associates decreased, and 
larger associates began to display several characteristic sizes, which may indicate their 
branching. In an aqueous solution of a peptide with GA, associates of the size of the pep-
tide particles and GA molecule associates are first formed, which indicates their separate 
presence in the solution. Then, as in a pure GA solution, the peak corresponding to large 
associates in the graph is replaced by several peaks, which indicates the complication of 
the branching of the associates. As a result of comparison of the peptide solution with GA 
from their individual solutions, it can be concluded that the processes typical for solutions 
of individual components prevail in the joint solution. However, this results in associates 
ranging in size from 700 nm to 3000 nm, which is a wider range than for associates of pure 
GA. This indicates the incorporation of the peptide into GA associates of a given size as a 
result of simple mixing of liquid solutions.  

 
Figure 1. Measurement of particle size in solution by light scattering. 

First, we investigated in vitro the effect of the glycyrrhizic acid (GA) itself on the 
viability of various types of cells that can be important during intranasal AIT, namely, 
cells of the nasal cavity and immunocompetent cells. For this, the effect on the cells of the 
RPMI 2650 line (nasal carcinoma of the nasal cavity, a standard cell line for creating a 
model for assessing the penetration of drugs through the nasal mucosa) was evaluated, as 
well as the primary culture of cells of peripheral blood mononuclear cells (PBMCs) from 
healthy donors and the B16 mouse melanoma cell line as skin cells. It was found that GA 
reduces the viability of RPMI 2650 cells at a high concentration of 0.5 μg/ml (Fig.2a). GA 
did not affect the viability of cells in other concentrations. Additionally, it was shown that 
GA does not decrease the viability of PBMCs in all concentrations (Fig.2b). Moreover, an 
increase in the viability of PBMCs was observed upon the addition of GA at a 
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concentration of 10 μg/ml, which is possibly associated with the activation of cells and an 
increase in their proliferative activity in the presence of GA. In the case of the B16 cell line, 
GA increased the viability of these cells (Fig.2c), apparently enhancing the proliferation of 
these cells, only at a high concentration (0.5 μg/ml). Consequently, GA has a low effect on 
the viability of various types of cells. 

 
Figure 2. Effects of GA and Der p 1 on cell viability of different cell cultures. (a) Effects of the GA 
on cell viability of RPMI-2650 cells. * Indicates a significant difference (p < 0.05) vs. control; (b) 
effects of the GA on cell viability of B16 cells. * Indicates a significant difference (p < 0.05) vs. con-
trol; (c) effects of the GA on cell viability of PBMCs. * Indicates a significant difference (p < 0.05) 
vs. control; # indicates a tendency (0,05<p<0,07) vs. control; (c) effects of the Der p 1 and Der p 1–
GA mixture on cell viability of PBMCs. * Indicates a significant difference (p < 0.05) vs. control; # 
indicates a significant difference (p < 0.05) vs. Der p 1. 

The next step was a comparative assessment of the effect of the GA complex with the 
house dust mite allergen Der p 1 (10:1) and the free peptide Der p 1 on the viability of 
PBMCs (Fig. 2.d). It was shown that the free peptide and Der p 1–GA mixture increases 
the viability of PBMCs at a concentration of 10 μg/ml. The increase in viability, apparently, 
indicates the proliferative activity of cells caused by the peptide Der p1. Despite the ab-
sence of a history of house dust mite allergy, apparently, some of the seemingly healthy 
donors can be sensitized to Der p 1, which is able to manifest the increase in proliferative 
activity. In addition, it was found that the complex at a high concentration, equivalent to 
50 μg/ml of the Der p 1 peptide, significantly suppressed the viability of PBMCs, in con-
trast to the free peptide at the same concentration. Presumably, this effect is associated 
with an increase in the peptidase activity of Der p 1, which is known as a digestive enzyme 
of the house dust mite. The mechanisms for enhancing the cytotoxic effect of Der p 1 in 
the presence of a delivery system such as glycyrrhizic acid are currently not clear and 
require further study. 

For the next experiments, we selected the highest non-toxic dose of the GA mixture 
with the Der p 1 peptide—10 μg/ml of the peptide and 100 μg/ml of GA. We studied the 
effect of GA on peptide Der p 1 transport across the cell monolayer. A significant increase 
in the transport of the peptide from the complex was found after 120 minutes and 180 
minutes compared to the free peptide at the same time. (Figure 3). It is known that GA 
can enhance drug transport across the cell membrane, increasing permeabilization [29]. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 December 2021                   doi:10.20944/preprints202112.0167.v1

https://doi.org/10.20944/preprints202112.0167.v1


 

 

GA is incorporated into the lipid bilayer of the cell membrane and, thereby, can disrupt 
its structure and properties [30], therefore affecting the density of intercellular contacts. 
Therefore, GA can enhance the transport of peptide Der p 1 through the nasal epithelial 
cells. 

 
Figure 3. Evaluation of the permeability of Der p1 across the RPMI-2650 monolayer. 

GA-Der p 1 mixture significantly increased the relative number of CD4+ cells in com-
parison to the control in the culture of PBMCs from healthy donors (Figure 4). Adding 
only GA did not lead to a statistically significant increase in the percentage of CD4+ cells; 
however, there was a tendency (p = 0.09) to increase the number of CD4+ cells. A similar 
result may indicate an enhancement of the cellular immune response, since GA is known 
to direct the immune response towards Th1 [5]. 

 
Figure 4. T cell subsets after cultivation with GA–Der p1 complex.  

Neither the complex, nor the free peptide, nor GA influenced the relative number of 
activated CD4+CD25+ cells and Treg in the T-helper subpopulation. The free peptide Der 
p 1 decreased in the relative number of CD3+ cells in the PBMC culture. Perhaps the action 
of the free peptide is associated with Th2 polarization and activation of B lymphocytes, 
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since Der p 1 can shift the balance towards Th2 [32], but this issue requires further study. 
It is notable that the complex of Der p 1 and GA did not have such an effect, which may 
indicate the prospects of using this complex in AIT due to its influence on the Th1/Th2 
balance.  

4. Conclusions. 
In the present study, the complex Der p 1 and GA, obtained here for the first time, 

demonstrated a low level of toxicity in the studied cell cultures. The results of assessing 
the effect of the GA complex with Der p 1 on the phenotypic characteristics of PBMCs 
from healthy donors indicate a change in the Th1/Th2 balance towards the cellular im-
mune response, which can increase the efficiency of the Der p 1 peptide during AIT. 
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