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	 This article presents methods and results for predicting the pharmacological and 
biological activity of amyrin substances isolated from the Euphorbia Milii plant using molecular 
docking and SWISSADME calculations, a quantum-chemical technique. By studying the nature 
of amyrin substances to determine their binding to proteins through molecular docking, the areas 
in which these substances can be applied in pharmacological processes have been identified.
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	 As you know, medicinal plants are 
considered the main raw materials for producing 
medicines.27,28 For this reason, large-scale efforts 
are underway worldwide to cultivate medicinal 
plants, protect them, and identify new natural 
sources of medicines. In particular, in the Republic 
of Uzbekistan, In recent years, systematic reforms 

have been implemented to enhance the conservation 
of medicinal plants, promote the sustainable 
utilization of natural resources, improve the 
cultivation and processing of medicinal plants, 
and develop plantations for their propagation and 
reproductionThe local flora comprises over 4,300 
plant species, approximately 750 of which are 
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recognized for their medicinal properties.29 Among 
these, 112 species are officially documented for use 
in applied medicine, while around 70 species are 
actively utilized in the pharmaceutical industry. 
Representatives of the family Euphorbiaceae 
(mammals) are precisely those species that grow 
wild and are currently the most cultivated.4 The 
family Euphorbiaceae contains about 300 genera 
and about 7,500 species, with most representatives 
being grasses. In tropical and subtropical regions, 
it can also be found in tree, shrub, and semi-shrub 
views. Their original homeland was the subtropics 
of Africa, which is now cultivated in almost all 
countries of the earth.31 Representatives of this 
genus are trees, shrubs, and herbivores with stems 
growing erect or on their sides, sometimes large, 
serrated, leafless sometimes prickly, and of various 
shapes.6 Euphorbia is a genus of plants known from 
ancient times. Such a scientific name was given 
to the plant in honor of a person who lived in the 
4th century BC. The physician Ephorbus, who 
discovered the healing properties of Euphorbia, 
was the first to use it for medicinal purposes. Plants 
of the order Euphorbia have long been known, 
many of which have been used by humans in their 
various fields. The classification of 6 species in 
this order was given by Theophrastus in his work 
“Studies on plants” (Theophrastus, 1951).8

	 Most plants in the family Euphorbiaceae 
are medicinal. For example, the Acalypha indica 
type is mainly used to treat bronchitis, asthma, and 
pneumonia. The type Euphorbia hirta is mainly 
used in the treatment of glandular inflammation as 
well as as as a expectorant. Euphorbia thymifolia 
is used in eye diseases and diseases associated 
with the breast, while Euphorbia tiruclli is 
used as an effective remedy for liver diseases, 
gallbladder diseases, and gallstones. In addition, 
representatives of this family also began to be used 
to treat various tumor diseases.24 In folk medicine 
of many countries, Euphorbia species are currently 
used to obtain drugs against tumors and hepatitis.
	 The data of many publications about the 
composition of polyphenols of representatives of 
the family Euphorbiaceae and their biological 
activity, studying the chemical composition of 
plants of this family growing on the territory of 
Uzbekistan, aroused interest in scientists and 
served as an impetus for research on this topic.32

	 The family Euphorbiaceae, order 

Euphorbia,  is a species of Euphorbia milii of great 
interest worldwide and little studied in exactly 
Uzbekistan. Euphorbia milii, the original homeland 
of the” crown of thorns “plant, is the Madagascar 
islands, first introduced into Plant Systematics by 
Charles Des Moulins in 1826, hence the scientific 
name “Euphorbia milii des moulins”. Therefore, 
the plant name Euphorbia milii is also listed in 
some reviews as Euphorbia Splendes, Euphorbia 
bojeri, Euphorbia hislpoii, Euphorbia breonii. 
	 Euphorbia milii is usually 60-90 cm tall, 
a plant that always maintains its greenness and is 
a shrub or semi-shrub according to its life form. 
The length of the neck of the representatives of 
the Euphorbia milii plant, distributed in tropical 
and subtropical regions, sometimes reaches 1.8-2 
meters.27 The Root has an axial root system, white. 
The stem type is woody, erect, and branching. 
The leaves are sequentially positioned along the 
stem and coated with a waxy layer. They measure 
approximately 3.5 cm in length and 1.5 cm in 
width. On the lower part of the Euphorbia milii 
stem, the leaves are long and thick, whereas those 
near the stem apex are shorter and thinner.32

	 The quantum-chemical research carried 
out is based on the theoretical assumption of the 
pharmacological properties of the amyrin substance 
isolated from the Euphorbia milii plant.
	 Amyrin is a pentacyclic triterpenoid 
abundant in plants, corresponding to the general 
formula C30H50O3 types of amyrin: a-amyrin, 
b-amyrin and g-amyrin have been identified. 
Ursolatic acid, common in nature, is a derivative 
of a-amyrin, while oleic acid is a derivative of 
b-amyrin, and g-amyrin is very rare and little 
studied. The substance amyrin, found mainly in 
plants, and in small quantities in animal products, 
was mainly isolated from the stem and leaf of 
plants. The b-type of the substance amyrin is 
relatively widely used in medicine.41 Because 
b-amyrin is a biologically active substance, it is 
currently used in the treatment of oncological 
diseases. In addition to showing various microbes, 
fungi, and anti-inflammatory activity, the substance 
amyrin also has digestive system activating and 
antioxidant effects. Amyrin is mainly extracted 
from natural raw materials due to its relative cost 
as well as the difficulty in extracting the substance 
in laboratory conditions. 
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Materials and Methods

	 Qualitative and quantitative analysis of 
biologically active compounds in plants requires 
prior extraction, as this step is fundamental for 
assessing the composition of medicinal herbs. The 
accuracy of the final results largely depends on the 
extraction method employed.
	 For this study, air-dried roots, stems, 
and leaves of Euphorbia milii were utilized. 
Plant samples were collected from the Fergana, 
Tashkent, and Khorezm regions of the Republic 
of Uzbekistan.
Preparation of raw materials
• Roots, stems, and leaves were harvested, washed 
with cold water, and spread in a thin layer on paper 
to dry.
• Drying was performed in shaded conditions, 
avoiding direct sunlight, at a humidity of 78.8%. 
Adequate drying was assessed based on the texture 
and color of the plant material; leaves should not 
retain a dark green hue to prevent chlorophyll 
contamination in the extract.
	 For the extraction process, 3 types 
of organic solvents: acetone, chloroform, and 
ethanol (96%) were selected. For the extraction, 
plant samples and solvents in a ratio of 1:10 
were used. The stems and leaves of each type of 
plant imported from the Fergana, Tashkent, and 
Khorezm regions were extracted separately. The 
composition of the extracts was verified by the 
GC-MS method and the presence of an amyrene 
substance was established, and in subsequent steps, 
the amyrine substance was isolated from the plant 
composition.  Extraction, filtration, vacuum drive, 
purification, and precipitation methods were used 
to extract b-amyrin from the E.Milii plant. To start 
the process, the stem and leaves of the Fergana 
species E.Milii plant are dried and crushed (until 
it becomes a powder). In the next step, the crushed 
sample was extracted in chloroform. The extraction 
procedure took 3h and a return cooler was used. 
The extract was dissolved in 80% ethanol, diluted 
by adding boiled water in a 1:1 ratio, and then 
filtered and poured under vacuum, evaporation. The 
purified extract from chlorophyll and additives was 
re-dissolved in 96% ethanol and diluted again by 
adding distilled water in a ratio of 2:1. With the help 
of gasoline, the neutral substance was separated 
and put into the infusion. Preliminary theoretical 

pharmacological reports were carried out based on 
quantum chemistry as a pre-stage to investigate the 
pharmacological properties of the extracted amyrin. 
This allows you to know in advance what should 
be done in the laboratory. 
	 Molecular docking is a computational 
method used to predict the mode and affinity of 
a small molecule (ligand) to bind to a protein or 
nucleic acid (receptor). This involves predicting 
the optimal spatial orientation of the ligand at the 
receptor binding site and calculating the energy of 
interaction between the two molecules.
	 First of all, 1uz9 protein, which originally 
belonged to insulin pdb.com downloaded from the 
site, the waters in the protein were removed and 
polar hydrogens and Kollman charges were placed. 
The area of interaction around the active center 
was defined in the AutoGrid Section at 78×67×62 
(A3). a-amyrin and b-amyrin were selected as 
ligands and stored in PDB format by plotting 
them in the Avogadro program. Ligand-protein 
binding energies were studied in the AutoDock 
4.2 program. The molecular docking of amyrin-
to-insulin binding has been studied. 
	 SWISSADME is a web-based tool 
developed by the Swiss Institute of Bioinformatics 
(SIB) and the École Polytechnique Fédérale de 
Lausanne (EPFL). It allows users to predict various 
molecular properties and assess the drug-likeness of 
small molecules. It provides valuable information 
for drug discovery and development processes. 
In SWISSADME, Log P represents the logarithm 
of a molecule’s partition coefficient between 
n-octanol and water. It was found that b-amyrin 
differs from a-amyrin in its Log P (lipophilicity) 
value. This measures the compound’s lipophilicity 
or hydrophobicity. The Log P value indicates 
how well a molecule can dissolve in lipid-based 
environments compared to water.
	 Additionally, differences in Log S (ESOL), 
Log S (Ali), and Log S (SILICOS-IT) values can 
be observed from Table 3.6. Log S, derived from 
the English term “Estimated Solubility,” refers 
to the predicted solubility of a compound. This 
value is based on a linear regression approach 
and helps determine the solubility level of the 
studied substance. A lower Log S value indicates 
lower solubility in water. In pharmaceutical and 
medical fields, the solubility of drugs is very 
important. Therefore, theoretically studying the 
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water solubility of proposed biologically active 
compounds is essential.

Results

	 Results of molecular docking between 
amyrin molecules and insulin receptors.
	 Binding energy (DGbinding) is a key 
parameter of molecular docking used to determine 
the strength of the interaction between the ligand 
and the receptor. This represents the change 
in energy that occurs when the ligand binds to 
receptors and is usually expressed in kcal/mol per 
mole) or kJ/mol.
	 In molecular docking, more negative 
binding energy indicates a stronger interaction 
between the ligand and the receptor. This is because 
the binding energy represents the free energy 

change that occurs when the ligand binds to the 
receptor. 
	 Among the ligands above, the binding 
energy between b-amyrin and protein can be seen 
to be the smallest, and this means that the binding 
between the ligand and the 1uz9 protein is strong. 
The smallest energy value representing bond 
strength was DGbinding=-10.06.
	 a-amyrin and b-amyrin are triterpenoid 
compounds. The results of molecular docking 
made it possible to theoretically study the 
biological activities of both substances selected 
as objects and compare the biological activities 
of substances among themselves. One of the 
theoretical computations on a-amyrin and 
b-amyrin is that molecular docking studies have 
also shown differences in their interactions with 
specific proteins. 

Fig. 1. The linkage of ß-amyrin with amino acid residues in the ß-amyrin-protein complex

Fig. 2. The linkage of a-amyrin with amino acid residues in the a-amyrin-protein complex

Table 1. In the complexes obtained by molecular docking research, the ligand 
molecules with protein amino acid residues (H-bond, VdV, etc.) exposures

Ligand	 Active amino acids 	 Non-active amino acids 
	 involved in hydrogen 	 involved in hydrogen bonding
	 bonding

β-amyrin	 HIS4	 HIS5, PHE1, GLN4, VAL3, TYR26, GLU4, PRO28
α-amyrin		  GLN4, VAL3, GLU4, GLY8, GLY1, TYR26, PRO28, HIS5, PHE1
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Fig. 3. The linkage of a-amyrin with amino acid residues in a-amyrin-protein complex

Fig. 4. The linkage of ß-amyrin with amino acid residues in the ß-amyrin-protein complex

Table 2. Ligand-protein binding energies  
(∆Gbinding, kcal/mol) 

No.	 β–amirin 	 α-amirin 
	 (∆G binding)	 (∆G binding)

1.	 -10.06	 -9.08
2.	 -10.06	 -9.01
3.	 -10.06	 -9.01
4.	 -10.06	 -9.00
5.	 -10.06	 -9.00
6.	 -10.05	 -9.00
7.	 -10.05	 -9.00
8.	 -10.03	 -9.00
9.	 -10.03	 -8.99
10.	 -10.01	 -7.64

Table 3. 

No.	 α-amirin 	 ß-amirin 
	 (∆G binding)	 (∆G binding)

1	 -8.06	 -8.67
2	 -8.05	 -8.09
3	 -8.04	 -8.05
4	 -8.04	 -8.03
5	 -7.91	 -7.84
6	 -7.79	 -7.80
7	 -7.61	 -7.79
8	 -7.61	 -7.79
9	 -7.48	 -7.74
10	 -7.31	 -7.67

Discussion

	 In drug development, ligands with more 
negative binding energy are generally considered 
stronger and are more likely to be recommended 

for production as drugs. Molecular docking results 
have shown that the substance b-amyrin has higher 
biological activity than a-amyrin. Calculations 
using modern computer programs will help predict 
the biological activity of the studied substance in 
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Table 4. Studying the pharmacokinetic properties of alpha and beta amyrin 
using computer modeling

Pharmacological properties	 α-amyrin	 β-amyrin

Molecular weight g/mol	 426.72	 426.72
Lipophilicity Log Po/w XLOGP3	 9.01	 9.15
TPSA	 20.23 Å²	 20.23 Å²
Solubility	 -8.16	 -8.25
	 -9.33	 -9.47
	 -6.71	 -7.16
Log S ESOL	 0.93	 0.93
Log S Ali	 -2.51	 -2.41
Log S SILICOS-IT	 less	 less
Saturation Csp3	 no	 no

advance, but at the same time, it is advisable to 
carry out practical examinations after theoretical 
calculations. 
	 One of the diseases that is currently 
growing in high percentages around the world 
is diabetes. Hence, the identification of novel 
compounds with insulin-modulating activity is 
crucial for maintaining glucose homeostasis and 
for the effective management of diabetes. Studies 
using molecular docking have shown that b-amyrin 
binds rapidly and easily to insulin promoter 
proteins relative to a-amyrin. This helps b-amyrin 
to activate or ingress insulin production and thus 
regulate glucose metabolism. In addition, the strong 
binding between b-amyrin and bacterial proteins 
indicates its antibacterial activity. So, theoretical 
calculations have proven that the substance 
b-amyrin can be used in the production of drugs 
that prevent diabetes and have antibacterial 
properties, as well as biologically active additives.
	 Log Kp (membrane permeability) 
represents the logarithm of the compound’s 
membrane permeability coefficient. It measures 
the molecule’s ability to penetrate the skin and 
enter systemic circulation. A higher Log Kp value 
indicates a greater degree of cellular uptake through 
membrane transport. These theoretical calculations 
are approximate and should be validated in the 
laboratory before practical application.
	 Although SWISSADME is a good 
information tool, it is advisable to test theoretically 
obtained data in the laboratory before applying it 
in practice. In conclusion, in today’s developing 
information era, using digital technologies is a 

necessity. Various quantum-chemical calculations 
save scientists’ time and prevent unnecessary use 
of substances. Therefore, modeling or theoretically 
studying the biological activity of a compound or 
extract on a computer first allows researchers to 
choose a clear direction for their work. This ensures 
both economic efficiency and work productivity. 
However, since theoretical data do not always 
match practical results, it is recommended to first 
verify the results obtained from software before 
applying them in practice. 

Conclusion

	 Using the molecular docking program, it 
is possible to predict in advance the biological and 
pharmacological properties of substances isolated 
from the plant, thereby understanding exactly what 
laboratory work needs to be carried out practically. 
According to this project, molecular docking has 
shown that b-amyrin has higher biological activity 
than a-amyrin.
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