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1. Introduction 

Arabinogalactan (AG) is a biodegradable, water-

soluble natural polysaccharide belonging to the 

hemicellulose group, which is primarily isolated from 

larch wood (Larix species). Arabinogalactan exhibits 

low toxicity and a range of unique properties, 

including immunomodulatory, prebiotic, and 

hepatoprotective activities [1, 2]. Several studies have 

shown that AG can be used as a drug carrier [3–7].  

 
 

 

 

Mechanochemical methods have also been employed  

to obtain solid dispersion systems of drugs with 

arabinogalactan [5–7]. 

Mechanochemical technologies are increasingly 

recognized for their sustainability, environmental 

benefits, and efficiency in synthesizing a wide range 

of chemicals and materials, including organic 

compounds, biomass resource processing, synthesis  
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Figure 1. Molecular structures of arabinogalactan (a), betulin (b), and L-histidine (c). 

 

and improvement of pharmaceuticals [8–10]. For 

improving the dissolution of pharmacologically 

active substances, along with obtaining amorphous 

drug–polymer dispersions, a promising approach has 

recently been proposed to obtain co-amorphous 

systems using mechanochemical methods among 

other techniques [11]. In co-amorphous systems, a 

drug is stabilized in the amorphous form using low 

molecular weight compounds known as co-formers. 

The low molecular weight co-formers interact with 

the drug on the molecular level (e.g., salt formation, 

hydrogen bonding, π-π interactions) or by molecular 

mixing, efficiently preventing drug crystallization. 

Amino acids, organic acids, sugars, etc. can act as co-

formers [12–16]. Studies focusing on co-amorphous 

systems with amino acids, including L-histidine, have 

demonstrated that the dissolution rate of poorly 

water-soluble drugs can be increased, while the 

physical stability of formulations was maintained 

upon storage [15–16]. The addition of a third 

component, most typically a polymer, to a binary 

system significantly contributes to the stability of the 

drug in the amorphous state, particularly by 

increasing its glass transition temperature [11, 17]. 

Therefore, the dissolution of biologically active 

substances was improved in ternary systems, and the 

long-lasting formation of supersaturated solutions 

due to the “spring-parachute” effect was observed 

[18]. The third component was usually a polymeric 

compound such as polyvinylpyrrolidone, 

hydroxypropyl methylcellulose, microcrystalline 

cellulose, etc. [11]. To the best of our knowledge, 

arabinogalactan has never been used as a third 

component to improve drug dissolution. Meanwhile, 

the application of biodegradable polymers for 

solubilizing drugs, especially those of natural origin, 

is important from the perspective of green chemistry 

principles [19]. 
 

Betulin, isolated from birch bark, is a valuable 

biologically active substance exhibiting a wide range 

of pharmacological activities including anti-

inflammatory, gastro- and hepatoprotective, 

antioxidant, antitumor activities [20–22]. However, 

the poor water solubility of betulin limits its use in 

medical and pharmaceutical applications. We have 

previously obtained binary mechanocomposites of 

betulin and its derivatives with water-soluble 

polymers, polyethylene glycol and 

polyvinylpyrrolidone [23]. The formation of 

molecular complexes of betulin diacyls with AG 

during mechanical activation has also been reported 

[6, 7]. The resulting mechanocomposites were 

characterized by the increased concentration of 

betulin diacyls in water upon dissolution. 
 

In this study, L-histidine was selected as a co-former 

for betulin. L-histidine, a heterocyclic α-amino acid, is 

used to treat rheumatoid arthritis, ulcers and anemia. 

It increases gastric secretory activity and intestinal 

motility, improves liver function, promotes tissue 

growth and repair, and exhibits antioxidant 

properties [24, 25]. It can be expected that the use of L-

histidine as a co-former will both improve the 

bioavailability of betulin and yield new 

pharmacologically important properties of 

preparations, possibly due to the synergistic effect.  
 

Fig. 1 shows the molecular structures of AG, betulin, 

and L-histidine. The AG macromolecule (Fig. 1a) has 

a branched structure [1, 2, 26]: its main chain consists 

of galactose units linked by glycosidic bonds β-(1→3), 

and the side chains with β-(1→6) bonds consist of 
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galactose and arabinose units, single arabinose units, 

and uronic acids, mainly glucuronic acid. The 

functional groups in betulin (Fig. 1b) are the primary 

and secondary hydroxyl groups, as well as the double 

bond in the isopropenyl group of the five-membered 

ring. The hydroxyl groups of arabinogalactan can 

potentially form hydrogen bonds with the OH groups 

of betulin. When obtaining the binary and ternary 

systems of betulin comprising L-histidine (Fig. 1c), the 

OH and NH groups of the amino acid can participate 

in the formation of hydrogen bonds with the OH 

groups of the components. 
 

The objective of the present work was to obtain the 

binary mechanocomposites of betulin with 

arabinogalactan, as well as with L-histidine as a co-

former, and the ternary composites of betulin with 

arabinogalactan and L-histidine, and to study the 

effect of arabinogalactan and L-histidine on 

stabilization of the amorphous state of betulin and its 

solubilization. 
 

2. Materials and methods 

2.1. Materials 

Larch wood (Larix Sibirica) arabinogalactan (Fibrolar 

DC, Wood Chemistry LLC, Russia) was used in this 

study. The molecular weight of AG assessed by gel 

permeation chromatography analysis was Mw  28,000 

g mol-1. Betulin was obtained from birch bark (Betula 

pendula Roth.) using the reported procedure [20]. 

According to the data obtained by chromatography – 

mass spectrometry, the betulin content in the 

resulting substance was 97–98%. L-histidine (Panreac, 

Spain, CAS: 71-00-1) and 1,4-dioxane (analytical grade, 

CJSC Khimreaktivsnab, Russia) were used without 

preliminary purification or drying. 
 

2.2. Preparation of mechanocomposites 

In this study, a Pulverisette 7 premium line planetary 

micromill (FRITSCH GmbH, Germany) was used for 

ball milling of drugs, as it allows one to ground and 

mix the powders, and carry out the mechanochemical 

synthesis of novel compounds using small amounts of 

substances. 
 

The betulin–L-histidine mechanocomposites were 

prepared by treating betulin–L-histidine powder 

mixtures (1:1 and 1:2 molar ratios) in a Pulverisette 7 

premium line planetary micromill in 80 mL zirconium 

dioxide grinding jars with ZrO2 balls (10 mm in 

diameter). The rotational speed of the grinding jars 

was 800 rpm. Taking into account the fact that liquid-

assisted grinding processes are superior to neat 

grinding because solvent facilitates molecular 

diffusion and allows the interaction between the 

components to proceed through the liquid phase [27, 

28], 0.1 mL of dioxane was added to the system after 

the first cycle of mechanical milling. The resulting 

paste was then processed in the mill for another 10 or 

25 min, divided into 5-min cycles. 
 

To obtain betulin–AG mechanocomposites, the 

powders of these substances were ball milled at a 1:9 

mass ratio in the Pulverisette 7 premium line 

planetary micromill under the aforementioned 

conditions. Treatment duration was 15 or 30 min, 

divided into 5-min cycles with breaks for jar cooling. 
 

The ball-milled ternary betulin–L-histidine–AG 

system was obtained by mechanically treating the 

powder mixtures at 3:1:28 and 1.5:1:14 mass ratios 

(corresponding to betulin–L-histidine 1:1 and 1:2 

molar ratios, respectively, and betulin–AG 1:9 mass 

ratio) in a Pulverisette 7 premium line micromill. Six 

mechanical activation cycles were carried out, for five 

minutes each. To determine the effect of the order of 

component addition to the mixture during 

mechanical treatment and the solvent addition to the 

ternary system, two methods for obtaining 

mechanocomposites were tested: (1) the betulin–L-

histidine mixture was milled for 5 min, and 0.1 mL of 

dioxane was then added to the mixture. The resulting 

paste was treated for 10 min. Next, AG was added to 

the mixture, and grinding continued for another 

15 min; (2) the betulin–AG mixture was mechanically 

treated for 15 min. L-histidine was then added to the 

mixture and treated for 15 min. 
 

2.3. Characterization of the obtained mechanocomposites 

Powder X-ray diffraction (PXRD) analysis was 

performed using a DRON-3 diffractometer 

(Bourevestnik JSC, Russia), with CuK radiation. 

Fourier transform infrared (FTIR) spectra were recorded 

using an IRTracer-100 IR-Fourier spectrometer 

(Shimadzu, Japan) in the wavelength range of 4000–

400 cm-1. Samples for analysis were prepared as KBr 

pellets (3 mg sample/1000 mg KBr). 

Thermogravimetry (TG) and differential scanning 
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calorimetry (DSC) were performed using a STA 449 F1 

and STA 449 C (Netzsch, Germany) simultaneous 

thermal analysis systems. The measurements were 

performed in an argon flow (99.990%) at a volumetric 

flow rate of 50 mL min-1. The heating rate was 10°C 

min-1. To measure the glass transition temperature Tg, 

the AG sample was heated to 200°C to remove water, 

then cooled to room temperature, and heated again. 

The Tg was measured as the onset of the peak. 
 

The solubility of the mechanocomposites was studied 

using a Varian 705 DS Dissolution Apparatus (USA) 

according to the earlier method [28]. Considering that 

the betulin content in different composites was 

different, the mass of the samples required for 

dissolution was calculated to ensure that their betulin 

content was the same. The betulin concentration in 

water was determined by high-performance liquid 

chromatography (HPLC) on a Milichrom A-02 

microcolumn chromatography system (EcoNova, 

Russia) with an UV detector. The chromatographic 

conditions were as follows: N2301 column 2.0×75 mm, 

sorbent ProntoSIL 120-5C18 AQ, particle size 5.0 μm, 

mobile phase H2O (A) –CH3CN (B), gradient mode 80-

100-100% B. The aliquot volume was 2 μL. The eluent 

flow rate was 100 μL/min, and T=35 °C. The detection 

was performed at a wavelength of 200 nm.  
 
 

3. Results and discussion 

3.1. Synthesis and characterization of betulin–L-histidine 

composites 

The XRD pattern of betulin treated in a mill (Fig. 2) 

was characterized by the broadening of the diffraction 

peaks and changes in their intensity, indicating the 

structural disordering and partial amorphization of 

betulin. The partial amorphization of betulin was also 

observed previously during the mechanical treatment 

of betulin in other milling devices [23]. 
 

After milling the betulin–L-histidine mixture, the 

intensity of the reflections decreased and some 

reflections in the diffraction pattern almost 

disappeared (Fig. 3). Furthermore, a comparison of 

the results of the mechanical treatment of betulin–L-

histidine mixture (Fig. 3) and betulin alone (Fig. 2) 

clearly demonstrated that the intensity of reflections 

of betulin ball-milled individually was higher, 

regardless of milling duration. It can be assumed that  

Figure 2. PXRD patterns of initial betulin (1) and betulin 

ball-milled for 30 min (2).  
 

 
Figure 3. PXRD patterns of the 1:1 (mol) betulin–L-histidine 

mixture: starting (1) and after 30-min ball milling (2); 1:2 

(mol) betulin–L-histidine mixture: starting (3) and after 30-

min ball milling (4). L-histidine reflections are marked with 

an asterisk. 

 

the presence of L-histidine makes the amorphous state 

of betulin more stable under mechanical treatment 

compared to the case when betulin was ball-milled 

individually. Hence, although L-histidine used as a 

co-former did not cause formation of a completely 

amorphous composite, it still had a significant effect 

on the disordering of the betulin structure under 

mechanical treatment, and its application can be 

useful for betulin solubilization. 
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Figure 4. FTIR spectra of betulin–L-histidine mixtures with 

molar ratios of components 1:1 (1, 2) and 1:2 (3, 4) ball-

milled separately (1, 3) and together (2, 4).  

 

The FTIR spectra of mechanically treated 1:1 and 1:2 

(mol) betulin–L-histidine mixtures, compared with 

the physical mixtures of the components ball-milled 

separately at the same ratios, are shown in Fig. 4. 
 

In the FTIR spectra of ball-milled betulin–L-histidine 

mixtures, blurring of the absorption bands was 

observed within the region of stretching vibrations of 

hydroxyl groups (3300–3600 cm-1), compared to the 

corresponding absorption bands of the physical 

mixtures of the components ball-milled separately. In 

addition, in the FTIR spectra of the ball-milled 

betulin–L-histidine mixtures, a change in the contour 

and a shift in the absorption band maximum toward 

the low-frequency region (from 2920 to 2900 cm-1) was 

observed within the region of ν(=C-H) vibrations of 

betulin. Furthermore, the contours of the absorption 

band corresponding to the stretching vibrations of the 

N-H groups of L-histidine (2800–3200 cm-1) and the 

band at 1020 cm-1 corresponding to the ν(C-O) 

vibration in the betulin molecule changed. The 

changes in the spectrum of the betulin–L-histidine 

mixture with a 1:2 (mol) ratio were more pronounced 

than those with a 1:1 (mol) ratio, especially within the 

regions of 2800–2900 cm-1 and 1000–1050 cm-1. It can 

be assumed that during mechanical treatment, the 

components interact with the formation of hydrogen 

bonds between the OH groups of betulin and the 

amino groups of L-histidine. In the case of 1:2 (mol) 

betulin–L-histidine mixture, the amount of betulin 

bound to L-histidine is greater than that for the 1:1 

mixture. 
 

In the DSC curve of the initial betulin (Fig. 5a), as 

shown earlier [29, 30], the broad endothermic peak at 

low temperatures can be explained by the removal of 

H2O molecules. The peak at Tmax = 255°C corresponds 

to the melting of orthorhombic betulin, which was 

followed by degradation of the substance. The 

thermal effect before melting can be attributed to 

polymorphic transformation of betulin. Previously 

[30], in the X-ray thermo-diffraction experiment, we 

observed two polymorphic transitions of betulin: in 

the temperature range of 110–120°C, there was a 

transition to an intermediate crystalline form (betulin 

II), which transformed into the orthorhombic form of 

betulin (betulin I) before melting. On the DSC curves, 

the transition temperatures of endothermic effects 

were not constant and depended on the heating 

conditions (determined by kinetic factors) [30].  
 

In the DSC curve of the ball-milled betulin–L-histidine 

mixture (Fig. 5c), the crystallization of betulin was 

observed (Tpeak = 110°C), followed by polymorphic 

transitions (Tpeak 1 = 160°C; Tpeak 2 = 210°C) and betulin 

melting (Tpeak = 252°C). This indicated that betulin and 

L-histidine were bound by weak hydrogen bonds to 

form molecular complexes that dissociated upon 

heating. 
 

3.2. Synthesis and characterization of the composites of 

arabinogalactan with betulin and L-histidine 

The betulin–AG and L-histidine–AG mixtures were 

ball milled before preparing the ternary betulin–L-

histidine–AG composite. 
 

The initial arabinogalactan was an X-ray amorphous 

substance (Fig. 6, curve 1). The X-ray diffraction 

pattern of arabinogalactan contains a halo in the 2Ɵ 

range from 15° to 25°. 
 

The PXRD patterns of the betulin–AG mixtures 

obtained by mechanical milling for 15 and 30 min 

were virtually identical (Fig. 6). The intensity of the 

betulin reflections decreased after 15 min treatment, 

and most of the reflections disappeared, which was 

apparently caused by the distribution of betulin in the 

polymer. 
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Figure 5. TG (green) and DSC (blue) curves of initial betulin 

(a) and L-histidine (b), and the ball-milled 1:2 (mol) betulin–

L-histidine mixture (c) recorded during heating. 

Figure. 6. PXRD patterns of initial AG (1) and 1:9 (w/w) 

betulin–AG mixtures ball-milled for 15 (2) and 30 min (3).  

 

 
Figure 7. FTIR spectra of 1:9 (w/w) betulin–AG mixtures of 

the components ball-milled separately (1) and together (2). 

The insets show the zoomed-in images of some of the bands. 

 

In the FTIR spectrum (Fig. 7) of the ball-milled 

betulin–AG mixture, compared to that of the physical 

mixture of the components milled separately, changes 

in the region of 1020–1080 cm-1 were observed. In this 

region, there are bands of stretching vibrations of C-

OH in betulin and those associated with 

galactopyranose and arabinofuranose units in the side 

branches of AG [3]. As is known, during the formation 

of hydrogen bonds, the frequencies of the absorption 

bands of the groups involved in the bond can not only 

decrease but also increase due to the weakening of the 

donor bond and the strengthening of the acceptor 

bond. Thus, the formation of hydrogen bonds 

between the C-OH groups of betulin and the C-OH 

groups of AG can lead to a shift of the bands to higher 
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frequencies as shown in Fig. 7. The contours of the 

absorption bands at 1380–1450 and 2850–2920 cm-1 

related to the vibrations of δ(CH3), ν(=C-H) and ν(C-

H) also changed. The observed changes can be 

associated with the deformation of betulin molecules 

during their incorporation into the biopolymer 

structure or the formation of other intermolecular 

bonds. 

 

 
 

Figure 8. TG (green) and DSC (blue) curves of AG (a), the 

1:9 (w/w) betulin–AG physical mixture (b), and ball-milled 

1:9 (w/w) betulin–AG mixture (c) recorded upon heating. 

The inset in Fig. 8a shows a part of the DSC curve within the 

glass transition region for the first (solid line) and second 

(dotted line) heating. 

The heating TG and DSC curves of the initial AG and 

ball-milled betulin–AG mixture are shown in Fig. 8. 

For the initial AG (Fig. 8a), adsorbed moisture was 

lost within a temperature interval from 80 to 150°C, 

followed by decomposition starting at 210°C, 

corresponding to the exothermic peak on the DSC 

curve.  
 

It can be assumed that the endothermic effect of water 

removal masked the glass transition of 

arabinogalactan. Indeed, the DSC curve of the second 

heating of the AG sample (Fig. 8a) revealed a Cp jump 

corresponding to the glass transition, Tg, measured as 

64°C. 
 

The thermograms of the milled betulin–AG mixture 

(Fig. 8c) were very similar to those of AG. In contrast 

to the DSC curve of the betulin–AG physical mixture, 

neither crystallization nor melting of betulin was 

observed in the DSC curve of the ball-milled betulin–

AG mixture, suggesting the stability of the 

amorphous state of betulin in its composite with AG. 
 

The PXRD patterns of the mixtures of L-histidine with 

AG, ball-milled separately and together, are shown in 

Fig. 9. In the case of mechanical co-treatment, L-

histidine was fully distributed within the polymer, 

resulting in an amorphous composite. 
 

Thus, the study of binary systems showed that low 

molecular weight drugs were incorporated into the 

biopolymer to form dispersed X-ray amorphous 

composites. 
 

 
Figure 9. PXRD patterns of the 1:9 (w/w) L-histidine–AG 

mixtures of the components ball-milled separately (1) and 

together (2).  
 

 

3.3. Synthesis and characterization of the composites in the 

ternary betulin–L-histidine–arabinogalactan system 

Fig. 10 shows that the ball milling of the betulin–L- 
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histidine–arabinogalactan mixture yielded an 

amorphous product. The results were identical for 

both betulin–L-histidine–AG mixtures studied, 3:1:28 

and 1.5:1:14 (w/w/w) Moreover, the sequence in 

which the substances were added during mechanical 

treatment, and the use of small amounts of dioxane, 

did not affect the amorphous structure of the product. 

 

Figure 10. PXRD patterns of the 3:1:28 (w/w/w) betulin–L-

histidine–AG mixture ball-milled using methods 1 (1) and 2 

(2).  

 
 

Considering that the reflections of betulin in the 

diffraction patterns of the ternary betulin–L-

histidine–AG system have a much lower intensity 

than those of the binary betulin–AG system (Fig. 6). It 

can be assumed that L-histidine has an additional 

effect on betulin amorphization, apparently due to the 

interaction between these components, and both 

components are incorporated into the biopolymer 

structure. Thus, a composite was formed apparently 

due to the distribution of betulin and L-histidine in 

the polymer. 
 

The TG and DSC curves for the ball-milled betulin–L-

histidine–AG mixture are shown in Fig. 11. The endo- 

and exothermic effects on the DSC curve are related to 

water removal (50–150°C) and degradation of 

arabinogalactan (from 220°C), L-histidine (from 

260°C), and betulin (from 320°C). Neither 

crystallization nor melting events occurred for betulin 

and L-histidine during the heating of the ternary 

mechanocomposite, suggesting a high physical 

stability of the composite. 
 

The addition of a polymer to a binary system 

improves the physicochemical properties of 

biologically active substances and significantly 

contributes to the stability of drugs in the amorphous  

 
Figure 11. TG (green) and DSC (blue) curves of the ball-

milled 1.5:1:14 (w/w/w) betulin–L-histidine–AG mixture 

recorded during heating. 

 

state [11]. The stabilization of amorphous systems can 

be achieved via various mechanisms, such as the 

presence of intermolecular interactions, mixing at the 

molecular level, mutual solubility of components, and 

the antiplasticizing effect of the polymer [32, 33].  
 

Arabinogalactan is expected to have an 

antiplasticizing effect, inhibiting drug crystallization. 

According to the literature, the glass transition 

temperature, (Tg) of arabinogalactan was 82°C [3] or 

212°C [34]. The different glass transition temperature 

values can be attributed to the plasticizing effect of 

water and the differences in the molecular weights of 

the polymers under study. In this study, we obtained 

Tg = 64°C for the glass transition of arabinogalactan 

recorded for the dried sample. Moreover, it has been 

shown that mechanochemical treatment in a 

planetary mill AGO-2 (Russia) resulted in AG chains 

breaking [5]. It has also been confirmed in our work 

that after mechanical processing of AG in a planetary 

SPEX 8000 mixer mill (CertiPrep Inc., USA), its 

molecular weight decreases to Mw = 25,300, Mn = 

18,200 g·mol-1 (the data will be published elsewhere). 

The same situation was expected to occur in our case, 

leading to a decline in Tg. Strictly speaking, the Tg 

value is not sufficiently high to raise the Tg of the 

mixture and decrease the mobility of the drug 

molecules, reducing the tendency to crystallize. 

Simultaneously, the intermolecular interaction of AG 

with betulin, which is also dependent on the suitable 

molecular length and optimal orientation of the 
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proton-donating and receiving groups, promotes a 

decrease in the mobility of the drug molecules and 

inhibits drug crystallization, thus maintaining its 

molecular distribution in the polymer.  
 

3.4 Study of dissolution of the obtained mechanocomposites 

Fig. 12 shows the dissolution profiles of the obtained 

binary (betulin–AG and betulin–L-histidine) and 

ternary, betulin–L-histidine–AG, mechanocomposites. 
 

According to Amiri et al. [22], we measured the 

solubility of betulin in water, which was 1.9·10-3 

mg/mL. Upon dissolution of the betulin–AG 

composite in water, the initial concentration of betulin 

in the solution was ~ 5·10-3 mg/mL (Fig 12a, curve 1). 

The formation of a supersaturated solution occurs, 

apparently due to the high rate of betulin release into 

the solution as a result of the increased dissolution 

area of betulin distributed in the polymer. Thus, at the 

initial moment, the betulin concentration in water 

increases by a factor of up to 2.6, compared to the 

solubility of the original substance. The concentration 

of betulin in the solution then decreased because of 

betulin crystallization from the supersaturated 

solution.  
 

A solution with a betulin concentration of 3.5·10-3 

mg/mL was obtained upon dissolution of the betulin–

L-histidine mechanocomposite (Fig. 12a, curve 2), 

which was retained in the solution for at least 120 min. 

This phenomenon can be attributed to the presence of 

betulin–L-histidine associates bound by hydrogen 

bonds in the solution. It can be assumed that betulin 

was released into the solution as molecular complexes 

with L-histidine formed during mechanical milling. 
 

The dissolution profiles of the ternary mixtures (Fig. 

12b) demonstrate that the highest concentration in the 

solution is observed for the betulin–L-histidine–AG 

composite (1.5:1:14, w/w/w) which contains the 

components at the following ratios: betulin–L-

histidine 1:2 (mol); betulin–AG 1:9 (w/w). It can be 

assumed that, as in the binary system, the increased 

concentration was attributed to the presence of 

betulin–L-histidine associates in the composite and 

solution. In the case of the 1:2 (mol) ratio of betulin–L-

histidine, more betulin molecules were associated 

with L-histidine, ensuring an increased concentration 

in the solution. On the other hand, betulin 

concentration in the solution, decreased rapidly,  

Figure 12. The profiles of betulin release from a) the binary 

1:9 (w/w) betulin–arabinogalactan (1) and 1:1 (mol) betulin–

L-histidine (2) mechanocomposites; b) the ternary 3:1:28 

(w/w/w) (1) and 1.5:1:14 (w/w/w) (2) betulin–L-histidine–

arabinogalactan mechanocomposites.  

 

indicating that the complexes were less stable in this 

case than those in the binary system, as they, were 

associated with AG in the ball-milled ternary system. 

Hence, it can be assumed that the role of a co-former 

consists of the formation of molecular complexes with 

the drug, improving its dissolution. 
 

In the literature focusing on the pharmacokinetics of 

betulin [35, 36], the time to reach the maximum 

plasma concentration in rats and dogs, (Tmax), was 

estimated to range from 4 to 8 h. It is clear that direct 

comparison of data from in vitro and in vivo studies is 

impossible. To assess the solubility of a drug in vitro, 

it must be present in simulated gastric and intestinal 

juices for 15-30 minutes to several hours. Thus, it is 

necessary to ensure that the concentration of the drug  
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in the solution remains high for as long as possible.  
 

The presented data show that for the binary 

mechanocomposite with arabinogalactan, the time to 

reach the maximum betulin concentration in the 

solution was ~ 10 min, with an abrupt drop during 30 

min. When used in in vivo tests, this sample is unlikely 

to differ significantly from the original betulin. The 

binary mechanocomposite of betulin with L-histidine 

is the only one that provides a concentration higher 

than the equilibrium one for a long time, thus being 

the most promising candidate for further biological 

testing. Both ternary mechanocomposite samples 

have slow kinetics of concentration reaching the 

equilibrium concentration, the equilibrium return 

time is estimated to be 120 min. Whether this time is 

sufficient for the manifestation of significant 

biological effects is a question requiring additional 

experiments that lie beyond the scope of this study. 

The ternary mechanocomposite samples exhibited 

increased recrystallization resistance, which is 

important for producing final dosage forms and 

storage. Therefore, it will be possible to make an 

unambiguous choice between the more soluble but 

less stable binary betulin–L-histidine mixture and the 

less soluble but more stable ternary betulin–L-

histidine–arabinogalactan mixtures with further 

development of the presented work. 
 

4. Conclusions  
It has been found that during mechanical treatment of 

the 1:9 (w/w) betulin–arabinogalactan mixture in the 

Pulverisette 7 premium line planetary micromill, 

betulin was distributed in the biopolymer, forming an 

X-ray amorphous product. Mechanical treatment of 

the mixture increased the rate of betulin dissolution in 

water, increasing the betulin concentration in water at 

the initial moment of time by a factor up to 2.6, 

compared to the solubility of the original substance. 

Nevertheless, the concentration in water declined 

rapidly. 

Ball-milling of the betulin–L-histidine mixture with 

the addition of dioxane, resulted in an interaction 

between the triterpene alcohol and the amino acid, 

resulting in a higher degree of betulin amorphization, 

compared to betulin milled alone. Thus, L-histidine 

used as a co-former made the amorphous state of 

betulin more stable under mechanical treatment. 

During dissolution, the betulin–L-histidine composite 

provides a betulin concentration above the 

equilibrium level for a long time, making it the most 

promising candidate for further biological testing.  
 

Under ball milling of the ternary mixture, 

arabinogalactan, betulin and L-histidine molecules 

were incorporated into the biopolymer structure to 

form complexes with each other and arabinogalactan. 

The intermolecular interaction between AG and 

betulin reduces the mobility of the drug molecules 

and inhibits drug crystallization, maintaining their 

molecular distribution in the polymer. The ternary 

betulin–L-histidine–arabinogalactan system was 

characterized by increased physical stability. Upon 

dissolution of the ternary composites, their 

concentration decreased to equilibrium rather slowly, 

additional experiments, including in vivo tests, are 

needed to assess their prospects. However, the 

application of ternary systems obtained by 

mechanical milling allows for the stabilization of 

betulin in an amorphous state due to the formation of 

stable amorphous solid dispersions that prevent 

crystallization and improve the dissolution rate of the 

insoluble substance. 
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