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The aim of the work is to study the effect of solid dispersions using polyethylene glycols of various molecular weights on the
solubility of metronidazole in water. Metronidazole is an antimicrobial and antiprotozoal drug. Its low solubility in water limits
the use of metronidazole, causing technological difficulties and reducing its bioavailability. The solubility and release of the
active substance from dosage forms can be increased using the solid dispersion methods. Solid dispersions are bi- or multi-
component systems consisting of an active substance and a carrier (a highly dispersed solid phase of the active substance or
molecular-dispersed solid solutions) with a partial formation of complexes of variable compositions with the carrier material.
Materials and methods. The substance of metronidazole used in the experiment, was manufactured by Hubei Hongyuan
Pharmaceutical Technology Co., Ltd. (China). To obtain solid dispersions, polyethylene glycols of various molar masses — 1500,
2000 and 3000 g/mol — were used. The solid dispersions were prepared by “the solvent removal method”: metronidazole and
the polymer were dissolved in a minimum volume of 96% ethyl alcohol (puriss. p.a./analytical grade) at 65+2°C, and then the
solvent was evaporated under vacuum to the constant weight. A vacuum pump and a water bath were used at the tempera-
ture of 40+2°C. The dissolution of the samples was studied using a magnetic stirrer with heating, and a thermostatting device.
The concentration of metronidazole was determined on a spectrophotometer using quartz cuvettes at the wavelength of
318+2 nm. To filter the solutions, syringe nozzles were used, the pores were 0.45 um, the filter was nylon. Microcrystallosco-
py was performed using a microscope with a digital camera. The optical properties of the solutions were investigated using a
quartz cuvette and a mirror camera (the image exposure — 20 sec).

Results. Obtaining solid dispersions increases the completeness and rate of the metronidazole dissolution. The solubility
of metronidazole from solid dispersions increases by 14-17% in comparison with the original substance. The complex of
physical-chemical methods of the analysis, including UV spectrophotometry, microcrystalloscopy and the study of the optical
properties of the obtained solutions, makes it possible to suggest the following. The increase in the solubility of metronida-
zole from solid dispersions is explained by the loss of crystallinity and the formation of a solid solution of the active substance
and the solubilizing effect of the polymer with the formation of colloidal solutions of metronidazole at subsequent dissolu-
tion of the solid dispersion in water.

Conclusion. The preparation of solid dispersions with polyethylene glycols improves the dissolution of metronidazole in wa-
ter. The results obtained are planned to be used in the development of rapidly dissolving solid dosage forms of metronidazole
with an accelerated release and an increased bioavailability.
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Llenb. B paboTte 1M3yyeHo BAUAHUE TBEPABIX AUCTIEPCUI C MPUMEHEHUEM NONNSTUNEHTZIMKONEN PA3INYHBIX MONEKYNAPHbIX
Macc Ha pPacTBOPUMOCTb METPOHMAA30/1a B Boge. MeTpoHMAa301 — NPOTUBOMUKPOOHOE U MPOTUBOMNPOTO30MHOE NeKap-
CTBEHHOE cpeacTBo. Maniad pacTBOPMMOCTb B BOZE OrpaHUYMBAET NMPUMEHEHME METPOHUAA30/1a, 0bYC/1aBIMBaAsA TEXHOMO-
rMYeCKUe TPYAHOCTU U CHUNKAA BMOAOCTYNHOCTb. [OBbICUTL PACTBOPMMOCTb U BbICBOOOXKAEHWE AEWUCTBYHOLLENO BELLEeCTBa U3
NIEKAPCTBEHHBIX GOPM MOXKHO C MOMOLLbIO MeToAa TBEPABIX AMUCNepCUid. Teepable AUCNEePCUN — 3TO BU- UM MHOTOKOMMO-
HEHTHbIE CUCTEMBI, COCTOSALLME U3 AENCTBYIOLLENO BELLLECTBA U HOCUTENSA (BbICOKOAMCNEPTMPOBaHHAA TBEpPAan dasa AencTBy-
IOLLEro BELLECTBA UM MOJIEKYIAPHO-AUCNEPCHbIE TBEPAbIE PACTBOPbI) C YaCTUUHBIM 06Pa3oBaHNMEM KOMM/IEKCOB NEpeMeH-
HOro cOoCTaBa C MaTepuanioM HOCUTENA.

Marepuanbl U metoapl. B pabote Mcnonb3oBanu cybCcTaHLMIO METPOHMAA30/1a NPOM3BOACTBA. A NonyvyeHus TBEPAbIX
ANCMEPCUI NPUMEHANN MONNITUNEHTZIMKOIM Pa3/IMYHbIX MOAAPHbLIX Macc: 1500, 2000 1 3000 r/monb. Teepable avcnepcum
rOTOBW/IM METOAOM KYAANEHWUA PACTBOPUTENA»: METPOHMUAA30N U NOJMMEP PaCcTBOPAIN B MMHUMANbHOM 06bEME cnupTa
3TMN0BOro 96% (4.4.a.) npy 65+2°C, 3aTem pacTBOpPUTE/b BbINMAPUBAAN MOA BaKYYyMOM [0 MOCTOAHHOM macchl. Mcnonb3o-
Ba/IN BaKyyMHbIN Hacoc 1 BoasaHyto baHto, Temnepatypa 40+2°C. PactBopeHue 06pasLoB U3yyanu, UCNONb3yA MarHUTHYHO
MeLLaKy C NOAOrPEBOM M YCTPOMCTBOM TePMOCTaTMPOBaHUA. KOHLEHTpaLMIO METPOHMAA30/1a ONpeaenaniv Ha CnekTpodo-
TOMETPE, NCNOJIb3YA KBAPLIEBbIE KIOBETbI, NPY A/IMHE BOAHbI 318+2 HM. Jna ¢punbTpoBaHMA PacTBOPOB UCMOAb30BANV LIMPU-
ueBble Hacagku, nopbl — 0,45 MKm, GUALTP — HEMNOH. MUKPOKPUCTANNOCKONUIO MPOBOAUIN Ha MUKPOCKoNe ¢ LndpoBoi
Kamepol. ONTUYecKue CBOWMCTBA PacTBOPOB UCCAEA0BAM, UCMOb3YA KBAPLEBYHO KIOBETY U 3€PKa/ibHYO Kamepy (3Kcnosu-
umA cHUMKa 20 cek.).

Pe3ynbrartbl. [lonyyeHne TBEpAbIX AUCMEPCUIA YBENNYMBAET NOIHOTY U CKOPOCTb PAacTBOPEHUA MeTpoHuAa3ona. Pacteopu-
MOCTb METPOHMAA301a U3 TBEPAbIX AUcnepcuii nosbiwaeTca Ha 14-17% B cpaBHEHWM C UCXOAHOM cybcTaHumen. Komnaekc
U3NKO-XMMUYECKMX METOA0B aHaIM3a, BKAOYAOWNIA: YP-cneKTpohoTOMETPUIO, MUKPOKPUCTANIOCKOMMUIO U U3yHeHWe on-
TUYEeCKMe CBOMCTBA MOAYYEHHbIX PACTBOPOB, NO3BO/AET YTBEPKAATb, YTO MOBbILIEHWE PAaCTBOPMMOCTU METPOHMAA30/1a U3
TBEPAbIX ANUCNEPCU 0BBACHAETCA NOTEPei KPUCTANINYHOCTU U 0bpa3oBaHNeM TBEPAOro pacTBopa AEWCTBYOLWEro Belle-
CTBa W contobUnn3npyowmm AeicTBuem nonumepa ¢ 06pasoBaHMEM KONIOUAHBIX PaCTBOPOB METPOHMAA30/1a NpU Nocse-
AytoLem pacTBOpPeHUN TBEPAOW AMCnepcum B Boae.

3akntoueHue. MNonyyeHne TBEPAbIX ANCNEPCUIA C NONNITUNEHIZIMKOAAMM YAyYLLAeT PacTBOPEHME METPOHMAA30/1a B BOAE.
MonyyeHHble pe3ynbTaTbl MAAHWPYETCA MCNONb30BaTb MPWU pa3paboTKe OGbICTPOPACTBOPUMbIX TBEPAbIX NEKAPCTBEHHBIX
bopmM METPOHMAA30/1a C YCKOPEHHbBIM BbICBODOOXAEHNEM U MOBbLILLEHHOM BUOAOCTYNHOCTLIO.

Kntouesbie cnosa: TBEépaan AMCnepcua; pacTBOPUMOCTb; METPOHWAA30/1; NONANSTUNEHTIINKONb

CnuncokK cokpaleHmii: T — 1eépaas avucnepcus; MN3T — nonnstuneHrnvkonb; HUP — HayyHo-uccnesoBaTenbcKan pabora

INTRODUCTION

This work continues the promising scientific area of
“solid dispersions in medicine and pharmacy”.

At the moment, the study of solid dispersions (SDs)
is being carried out at I.M. Sechenov First Moscow State
Medical University on the basis of the departments of
the Institute of Pharmacy n. a. A.P. Nelyubin: “pharma-
ceutical technology” and “analytical, physical and colloi-

196

dal chemistry”. The work is carried out within the frame-
work of research & development (R&D): “Increasing the
bioavailability of drugs using solid dispersions.” The ex-
pected social-and-economic effect of R&D is the produc-
tion of innovative drugs with an increased bioavailability
at minimal economic costs, as well as an active import
substitution.

Within the framework of this scientific area, solid
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dispersions of more than 30 poorly soluble medici-
nal substances from different pharmacological groups
were obtained and studied over the past 20 years on
the basis of the First Moscow State Medical University
n. a. [.M. Sechenov. These medicinal substances are: al-
bendazole, amoxicillin trihydrate, ampicillin trihydrate,
anestezin, acetomepregenol, acyclovir, benzonal, di-
clofenac (the acid form), indomethacinic acid, quvere-
thacin, methyluracil, naftifine hydrochloride, nifide-
pine, nozepam, parmidin, prothionamide, riboflavin,
rifampicin, rutin, synthomycin, streptocid, sulfadime-
thoxin, phenazepam, furazolidone, furacilin, erythro-
mycin, etc. [1-10].

Metronidazole is an antimicrobial and antiprotozoal
drug that has been successfully used in therapy for over
60 years for the treatment of infectious diseases caused
by anaerobic bacteria, as well as for the treatment of
protozoal infections (amoebiasis, giardiasis, trichomo-
niasis) [11]. As a typical representative of the group of
imidazole derivatives (1,3-diazole), metronidazole is
of particular interest for this study. As an antibacterial
agent, metronidazole is active against gram-negative an-
aerobes Bacteroides spp.: B. fragilis, B. ovatus, B. dista-
sonis, B. vulgatus B. thetaiotaomicron); Fusobacterium
spp. and a number of gram-positive anaerobes (Eubacte-
rium spp.; Peptococcus niger; Clostridium spp.; Peptost-
reptococcus spp. The minimum inhibitory concentration
for these strains is 6.250-0.125 pg/ml.

A separate area of metronidazole application is the
eradication of Helicobacter pylori in duodenal ulcer and/
or stomach ulcer. Metronidazole is used in triple thera-
py: bismuth-based drugs; the drugs that block H2 recep-
tors; the drugs that inhibit the proton pump. In cases a
patient has an intolerance to clarithromycin or amoxicil-
lin, Helicobacter pylori therapy is carried out using met-
ronidazole as a substitute for these antibiotics (0.5 g 2—3
times a day for 7 days) [11, 12].

In dentistry, metronidazole is used for various lo-
calized infections caused by anaerobes in periodon-
tal diseases and maxillofacial inflammations. A gel,
which includes a combination of chlorhexidine and
metronidazole, is used in dentistry. Its indications
are: infectious and inflammatory diseases of the oral
mucosa and parodontium — acute and chronic — gin-
givitis, periodontitis, necrotising ulcerative Vincent’s
gingivitis, postextraction alveolitis, aphthous stoma-
titis. Metronidazole is used in dentistry for systemic
pharmacotherapy.

In dermatology, metronidazole is used to treat ro-
sacea [11-13]. The widespread use of metronidazole in
gastroenterology, dentistry, dermatology, gynecology,
etc. was the cause of the emergence of various dosage
forms. Therefore, on the Russian pharmaceutical mar-
ket, metronidazole is presented in the form of tablets,
solutions, creams; is included in gels and suppositories
along with other active ingredients. The substance of
metronidazole (Fig. 1) is a crystalline powder of light
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yellow or white; it is slightly soluble in water, acetone
and ethanol (1 : 100), which can limit its use in some
cases, causes difficulties of a technological nature in the
creation of new drugs, and reduces their bioavailability.

It is possible to increase the solubility and acceler-
ate the release of substances from the dosage form by
“the method of solid dispersions” (SDs) [1-10; 14-17].
SDs are either multicomponent systems that include an
active substance and a carrier (a solid phase of a drug
dispersed in a polymer), or solid solutions of a drug in
a carrier. In some cases, the formation of complexes of
various natures of the active substance with the car-
rier material can be observed [1, 2, 13]. Various poly-
meric substances are used in the role of the SD carrier
[17-19].

THE AIM of the work is to study the effect of solid
dispersions using polyethylene glycols of various mole-
cular weights on the solubility of metronidazole in water.

MATERIALS AND METHODS

The substance of metronidazole used in the exper-
iment, was manufactured by Hubei Hongyuan Pharma-
ceutical Technology Co., Ltd. (China). It corresponds to
the Product specification file (State Pharmacopoeia, Rus-
sia, XIVth ed., Pharmacopeial monograph.2.1.0136.18).
To obtain SDs, PEGs of various molar masses — 1500,
2000, and 3000 g/mol — were used as carriers (Merck,
Germany).

Technology for preparing solid

dispersions with PEG

The literature analysis and the accumulated actual
experience make it possible to assert that, in case of PEG,
the optimal technology for obtaining SDs is “solvent re-
moval” [3, 5-7, 10, 20, 21-23]. The calculated amounts of
metronidazole and polymer were dissolved in a minimum
volume of 96% ethyl alcohol (analytical grade) by heating
to 65+2°C, then the solvent was evaporated under vacu-
um to the constant weight. A UED-Lab 115 vacuum pump
(China) and a UT-4301E water bath (Ulab, China) were
used at the temperature 40+2°C [1, 2, 16, 18, 22].

Study of metronidazole dissolution

Carried out according to the technique described in
the works of Krasnyuk I.I. et al. [1] and Beliatskaya A.V.
et al. [2]. The main problem was the impossibility of us-
ing the methods according to General Pharmacopoeia
Monograph 1.4.2.0014.15 “Dissolution for solid dosage
forms”. This is associated with the preparation of satu-
rated solutions of metronidazole under study. The SDs
obtained in the work are very sticky, thick white masses
or powders of soft consistency, prone to sticking togeth-
er. The conditions described in GPM 1.4.2.0014.15 for
studying the dissolution of these objects, are not always
acceptable. In this regard, a modified technique was
used during the work. Preliminary studies [6—8] prove
that the dissolution test on the “rotating basket” device
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presents results similar to those obtained by the modi-
fied methods.

Thus, the dissolution of the samples was studied
using a heated magnetic stirrer equipped with an RCT
BASIC thermostatting device (IKA, Germany). The sam-
ples for dissolution were selected in such a way that a
saturated solution of metronidazole would be achieved.
The temperature of the dissolution medium was 37+1°C.
The samples were immersed in 150 ml of purified water;
they were continuously stirred (200 rpm).

To study the dynamics of the metronidazole disso-
lution, the samples (5 ml) were thieved at the intervals
of 5, 10, 15, 20, 30, 40, 50, 60 min. The medium was re-
plenished up to 150 ml with purified water. The samples
were filtered.

Measurement of metronidazole concentration

In the experiment, a UNICO2800 spectrophotome-
ter (Unitedproducts & instruments, USA) and quartz cu-
vettes (the absorbing layer of 10 mm) were used. If nec-
essary, the samples were diluted with purified water, the
optical density of the resulting solution was measured at
the wavelength of 318+2 nm (the maximum absorption
of metronidazole). The results are presented in Table 1,
Fig. 2, 3.

Filtration

The filtration was carried out using syringe nozzles
with Minisart® filters (Sartorius, Germany) with a pore
diameter of 0.45 um, the filter was nylon.

Microcrystalloscopy

A Levenhuk D50LNG microscope (PRC for Levenhuk,
Inc., USA) with a digital camera was used. The study was
carried out according to the methodology [1, 2, 6, 7, 9].
In case of the metronidazole substance, the powder was
placed on a glass slide, mixed with a drop of vaseline oil,
covered with a cover glass, and microscoped. In case of
SD, a drop of the solution of metronidazole and PEG (in
the proportions corresponding to SD) in 96% ethyl alco-
hol was applied to a glass slide, the solvent was com-
pletely removed and microscoped.

Separately, PEGs were studied in a similar way. A
drop of the PEG solution was applied to a glass slide, the
solvent was completely removed, and the PEG was solid-
ified and microscoped.

The recrystallized substance of metronidazole was
additionally investigated after the removal of alcohol.
A drop of the metronidazole solution in 96% ethyl al-
cohol was placed on a glass slide, microscoped after a
complete removal of the solvent. The micrographs of
the studied samples with the microscopic condition are
shown in Fig. 4.

Study of the optical properties of solutions

A quartz cuvette (the layer of 50.0 mm) was used.
The cuvette was filled with a filtered solution of the
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studied sample. An opaque partition with a hole (1 mm
in the diameter) was placed between the cell wall and
the light source. A thin beam of white light was direct-
ed through the hole onto the cuvette. In the darkened
room, the digital images of the Faraday-Tyndall phe-
nomenon were filmed. A Canon 5D Markll SLR camera
(the image exposure of 20 sec) was used. The results
are shown in Fig. 5.

Statistical processing

Statistical processing of the values of metronida-
zole concentrations in solutions was carried out in ac-
cordance with General Pharmacopoeia Monograph
1.1.0013.15 (SP RFXIV): n =5, p = 95%.

RESULTS AND DISCUSSION

Polyethylene glycols (PEGs) are promising carriers
of solid dispersions [10]. PEGs are tasteless and odor-
free, readily soluble in water and alcohol, chemically
stable, biologically harmless, resistant to high tempera-
tures during sterilization. PEGs are insensitive to fluctu-
ations in pH and the presence of electrolytes; they are
resistant to the action of microorganisms due to the
presence of primary hydroxyl groups in the molecule
[3, 21]. The PEG consistency depends on the molecular
weight. Up to 400 g/mol, PEGs are viscous colorless lig-
uids; with a mass of more than 400 to 1000 g/mol; they
are substances with the consistency of soft wax; PEGs
with a mass of 1500 g/mol and more are solid. In view
of the fact that the obtained data are later planned to
be used in the development of solid, rapidly dissolving
dosage forms of metronidazole, PEGs of a solid con-
sistency with weights of 1500, 2000, and 3000 g/mol
were chosen as the actual objects of research. The se-
lected polymers are often used as auxiliary substances
in the production of tablets and granules [5].

The use of preparations based on SD and PEG is
promising due to the bioadhesive qualities of PEGs (as
high molecular weight compounds). Upon contact with
mucous membranes or skin, PEG macromolecules are
adsorbed and, as a rule, increase the permeability of
cell membranes, promoting active transmucosal trans-
fer of the active substance. The analysis of patent and
scientific literature did not reveal information on the
use of PEGs in the technology of solid dosage forms as
carrier polymers for the preparation of SDs with met-
ronidazole in order to increase its solubility in water.

Based on the analysis of the scientific literature
and preliminary actual research, the range of optimal
metronidazole:PEGs were determined: from 1:1 to no
more than 1:5 (by weight) [1-9]. Taking into account
the physicochemical properties of PEG (as an excipi-
ent) and its effect on the technological characteristics
of solid dosage forms (for example, on their strength),
this range of ratios is optimal for the future inclusion of
metronidazole SD with PEG in the composition of solid
dosage forms.
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Table 1 — Changes in the concentration of metronidazole solutions and solid dispersions over time

Average value of metronidazole concentration (mg/ml) in the sample

Sample solution from the dissolution beginning; n=5
Ne Sample composition weight — -
g) Sampling time (min.)
5 10 15 20 30 40 50 60
Metronidazole — substance 3.0 7.767 7.944 8.221 8.400 8.734 8.846 8950 9.003

SD metronidazole: PEG-1500 (1:1) 2.0:2.0 8.342 10.473 12.885 11.773 10.661 9.789 9.444  9.402
SD metronidazole: PEG-1500 (1:3) 2.0:6.0 8.156 9.267 9.590 10.083 10.343 10.602 10.423 10.244
SD metronidazole: PEG-1500 (1:5) 2.0:10.0 2971 4.180 5408 6.383 7.875 9.112 10.303 10.534
SD metronidazole: PEG-2000 (1: 1) 2.0:2.0 8165 9.272 10.114 9.415 9.721 10.026 10.214 10.402
SD metronidazole: PEG-2000 (1: 5)  2.0:10.0 5.969 6.980 7.711 8.667 9.144 9.499 9.683 9.686
SD metronidazole: PEG-3000 (1:1) 2.0:2.0 4.757 6.984 8.156 8.601 8.717 8973 9.457 9.639
SD metronidazole: PEG-3000 (1:5) 4.0:20.0 4.460 7.698 9.127 8.950 9.190 9.370 9.549 9.751

O.N [ »\C:H3
o

Figure 1 - Structural formula of metronidazole CH,N,O,, 2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethanol,
(171.15 g/mol)
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Figure 2 — Changes in concentrations of metronidazole and SD solutions with PEG-1500 and PEG-2000 over time

Note: 1 — metronidazole (substance); 2 — SD metronidazole : PEG-1500 (1: 1); 3 — SD metronidazole:PEG-1500 (1: 3);
4 — SD metronidazole:PEG-1500 (1: 5); 5 — SD metronidazole:PEG-2000 (1: 1).
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Figure 3 — Changes in concentrations of metronidazole and SD solutions with PEG-2000 and PEG-3000 over time
Note: 1 — metronidazole (substance); 6 — SD metronidazole: PEG-2000 (1:5); 7 — SD metronidazole: PEG-3000 (1:1); SD metronidazole: PEG-3000 (1:5)

Figure 4 — Microcrystalloscopic analysis (magnification x 64)

Note: 1 — metronidazole (substance); 2 — SD metronidazole: PEG-1500 (1:1); 3 — SD metronidazole: PEG-1500 (1:3);
4 —recrystallized metronidazole substance; 5 — PEG-1500 after solvent removal

Figure 5 — Optical properties of SD metronidazole solutions
Note: PEG-1500 (1:1): 1 — appearance of the solution in daylight; 2 — the same solution, observation of Faraday-Tyndall cone
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To study the dissolution of weighed portions of the
studied samples, the SD was taken in excess with respect
to the solvent (purified water). The relative error for the
average concentration values is =4.79%. The change in
the solubility was calculated as the ratio of the concen-
tration of a saturated solution of the studied sample to
the concentration of a saturated solution of the metro-
nidazole substance 60 min after the beginning of the
dissolution process. By the end of the experiment, the
solutions of all studied samples were cloudy and satu-
rated. The original substance of metronidazole dissolves
rather slowly (Fig. 2). After 5 minutes from the beginning
of the experiment, the concentration of metronidazole
reaches 7.767 mg/ml and then slightly increases, reach-
ing an almost constant value of =9 mg/ml by 30 minutes.

Based on the data obtained (Table 1; Fig. 2, 3), it can
be seen that in some cases metronidazole dissolves bet-
ter from SD, and its solubility depends on the selected
polymer and on the mass ratio of metronidazole:PEG in
SD.

When using PEG-1500, the greatest increase in the
solubility of metronidazole is observed in the case of SD
metronidazole: PEG-1500, obtained in the mass ratios
of 1:3 and 1:5 — by 14-17%. The concentration of met-
ronidazole in the solutions of these SDs by the end of
the experiment reaches 10.244 mg/ml and 10.534 mg/
ml, respectively. When using PEG-2000, the greatest
effect on the dissolution of metronidazole is observed
in the case of SD metronidazole: PEG-2000, obtained in
the mass ratio of 1: 1. The concentration of metronida-
zole in the solution of this SD by the time of 60 minutes
reaches 10.402 mg/ml, which is 16% higher than that
of the substance solution at the same time. An increase
in the content of PEG-2000 in SD does not provide any
pronounced increase in the solubility of metronidazole.

Thus, for SD metronidazole PEG-2000 (1:5), the sol-
ubility of metronidazole is 9.686 mg/ml, exceeding the
substance solubility by 7.6% (Fig. 3). The use of PEG-3000
to obtain SD both in the ratios of 1:1 and 1:5, similarly
slightly increases the solubility of metronidazole — up to
9.639 and 9.751 mg/ml, respectively (by 7.1 and 8.3%).
The use of SD does not increase the dissolution rate of
metronidazole in all cases. In this case, the dissolution
rate of metronidazole can both increase and decrease in
the first 20-30 minutes.

For solutions of some SDs, the phenomenon of su-
persaturation is observed. Upon dissolution of SD met-
ronidazole: PEG-1500 (1:1) and SD metronidazole: PEG-
2000 (1:1), the concentration of metronidazole sharply
increases to the maximum value during the first 15 min-
utes. Then, probably as a result of recrystallization, the
concentration decreases, with the output of the values
“on the plateau” (50-60 minutes). Thus, the greatest
increase in the rate of metronidazole dissolution is ob-
served from SD with PEG-1500 (1:1). At the moment of
15 minutes from the beginning of dissolution, the con-
centration of metronidazole in the solution of this SD
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reaches its highest value — 12.885 mg/ml, which is 57%
higher than the value of the concentration in the solu-
tion of the substance at the similar point of time. How-
ever, further on, by the 40" min, the concentration level
of metronidazole in the SD solution decreases to the val-
ue of =9.8 g/ml. In the authors’ opinion, the above-de-
scribed fluctuations in the metronidazole concentration
of the SD solutions are associated with a number of mu-
tually opposite processes. On the one hand, these are
the processes of the metronidazole release and the PEG
matrix upon dissolution of SD, and its transition into an
aqueous medium in a molecular colloidal form. In this
case, PEG plays the functions of a solubilizer (with a low
content in SD) and/or colloidal protection, stabilizing the
previously achieved high level of the metronidazole con-
centration. On the other hand, the processes of metro-
nidazole recrystallization, coagulation of its colloidal par-
ticles occur, and the salting-out effect of PEG may affect
it. This is especially noticeable in the case of SD with a
high polymer content. The balance of these processes
and their result in achieving a certain level of metronida-
zole concentration in the solution of its SD is difficult to
describe and is a topic for the SD research.

Based on the results of the microscopy (Fig. 4), the
initial substance of metronidazole is particles of the sub-
stance with a clearly pronounced crystalline structure.
The fragments of crystals are colorless, transparent, ob-
long, layered, and in most cases, they are of the same
type. Regular parallel faces in the form of a rectangular
parallelepiped are traced. Presumably, the powder of
the substance had not previously undergone intensive
micronization. Recrystallized metronidazole differs from
the initial substance and has the form of pronounced
needle-like, transparent crystals. The edges are even,
sometimes collected in stellate clusters. Polymer carrier
(PEG) is a colorless, transparent mass located on the sur-
face of a slide with a film without an internal structure.
The surface is folded. With a high degree of probability,
it can be argued that this is a non-crystalline, amorphous
structure. SD with PEG are heterogeneous systems con-
sisting of at least 3-4 phases. Some structures have a par-
tially needle-like architecture- probably, a recrystallized
substance. Very small (presumably amorphous), difficult
to identify objects were notified. They represent either a
stopped initial stage of recrystallization of the substance
in a viscous polymer, or (possibly) its polymorphic modi-
fication, or a product of complexation with PEG. Consid-
ering the fact that the content of metronidazole in SD is
from 30 to 50% by weight, the transparent background
is most likely to be a solid solution of metronidazole in
PEG.

Thus, SD metronidazole: PEG is a complex microcrys-
talline pattern that combines the features of the initial
substance of metronidazole (crystalline and amorphous
in nature), PEG, their solid solution, and, possibly, com-
plexation products. When studying SD, thermo-methods
are very common. With regard to SD, they are based
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on the fact that melting or the thermal destruction of
the active substance molecule incorporated into the
polymer matrix, occurs during or after the thermal de-
struction of the carrier polymer. The main criterion for
the formation of the complex is the disappearance of
the thermal effects typical of the active substance, as
an individual phase. In this case, when examining SD of
metronidazole, the use of, for example, differential scan-
ning calorimetry may be of an auxiliary nature. However,
the information obtained by microscopy, in the authors’
opinion, is quite sufficient to make an assumption about
the effect of the crystallinity of metronidazole in SD on
the increase in the solubility of the active substance
from the PEG polymer matrix.

In a number of works devoted to the preparation
and study of SDs, the method of IR spectroscopy is often
used. Based on the analysis of the characteristic bands
shift of the active substance in SD, it suggests the for-
mation of hydrogen bonds in the complex between the
carrier and drug molecules. The preceding investigation
of the authors’ suggest that this research method is not
always possible to use when studying such multicompo-
nent systems as SD [1-10]. First of all, this is due to the
pronounced shielding effect of polymers (in this case,
PEG), due to which it is often impossible to obtain a
true picture of the SD components interaction. The IR
spectrum of SD with PEG is almost completely identical
to the IR spectrum of the studied polymer and contains
almost no characteristic bands of the active substance
itself. However, in the absolute majority of cases, even
if the interaction with PEG was observed, it was not of a
covalent nature; it was a weak interaction at the level of
the occurrence of hydrogen bonds. The absence of any
interaction between the components of the studied SD
is indirectly confirmed by UV spectroscopy of the stud-
ied samples.

The UV spectrum of metronidazole in SD with PEG
is completely identical to the UV spectrum of the initial
substance of metronidazole. Microcrystalloscopy makes
it possible to conclude that one of the reasons for the
increase in the solubility of metronidazole from SD with
PEG, is the loss of its crystalline structure even before
the SD dissolution in water. At the stage of the SD prepa-
ration, when the common solvent is removed under

vacuum, metronidazole is partially dissolved in the SD
matrix in the medium of the PEG carrier, to form a solid
solution. Then, when dissolved in water, SD, as the poly-
mer dissolves, releases the active ingredient in a molec-
ular colloidal form. In this case, PEG, possibly, addition-
ally has a solubilizing effect, stabilizing the concentration
of metronidazole. In addition, according to a number of
reference materials [17, 19, 20, 23-25], the formation of
their colloidal solutions is an important factor contribut-
ing to an increase in the dissolution of active substances
from SD.

In this regard, the optical properties of the solutions
obtained in the work, were studied. For the filtered solu-
tions of all the SDs studied in the work with PEG, the
Faraday-Tyndall cone is observed — scattering of light of
a bluish tint due to the colloidal-dispersed state of the
dissolved metronidazole (Fig. 5).

Herewith, the solutions of the auxiliary substances
(PEGs) and the saturated solutions of the metronida-
zole substance or its mixtures with the studied poly-
mers, similarly prepared for the study, did not demon-
strate the Faraday-Tyndall effect. The results obtained,
underline the fundamental importance of obtaining SD
by the method of “the solvent removal” described in
this work, for increasing the solubility of metronidazole
in water.

CONCLUSION

The analysis of the data obtained indicates that
the improvement in the dissolution of metronidazole
from SD, carried out by the method of “the solvent
removal” with the use of 96% ethyl alcohol as a com-
mon solvent, is associated with a decrease in the crys-
tallinity of metronidazole upon receipt of its SD and
solubilization, as well as with the formation of metro-
nidazole colloidal solutions stabilized with PEG when
SDs are dissolved.

The optimal PEG for the SD production is PEG with
a molecular weight of no more than 1500 g/mol, and
the best ratio of SD components (metronidazole: PEG)
is 1:1 by weight. The results obtained will be used in
the development of the technology of “effervescent”
tablets and granules of metronidazole containing its SD
with PEG.
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