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The results of the study of the release of propylene glycol (PG) and macrogol 400
(M400) from a water-soluble ointment base and the absorption of water by this base in
vitro experiments through a semipermeable membrane using vertical diffusion chambers
are presented. The content of hydrophilic solvents in the dialysate from 0.5 to 6.0 h of the
experiment was determined by the gas chromatography method, calculated per em?2 of the
membrane area. Parameters such as release rate, cumulative content, dialysate concentra-
tion, and percentage of selvent realeased (after 6 h) were calculated. It is shown that the
diffusion of PG through a semipermeable membrane is much more intense than the
diffusion of M400, which is primarily due to its lower molecular weight. Ointment base
absorbs water due to high-molecular macrogols and poloxamer, which do not penetrate
through the membrane. Based on the results of the research, it can be predicted that the
introduction of a low-molecular-weight solvent into the ointment base will eliminate the
non-specificity of the dehydrating effect of the ointment base in vivo. The ointment base
will ensure the absorption of purulent exudate in the absence of a dehydrating effect on
viable tissues.

Keywords: propylene glycol, macrogol 400, ointment base, release.

MopearoBanHaa nponeciB nudy3ii po3unHHHKIB 3 Ma3eBoi OCHOBH B JOCILIAX in vifro.
O.I1.Besyena, M.OJlanynos, 1.0.3invenro, O.AJIucorobuara, A.M.JIanynosa

Hagsegeno pesynbraty pociimxenus BuBinbHeHHsa npounimenriaixomro (PG) i maxporosy
400 (M400) 3 BomoposunHHOI MaseBol ocHOBHU Ta abcopbiiii Bogm IIiero OCHOBOIO B Jociifax
in vitro Kpish HamiBOPOHMKHY MeMOpaHy 3 BUKOPMCTAHHAM BePTUKAJBLHUX IudysifiHux
KaMep. MeTozmom raszoBoi xpomarorpadii BecTaHOBIEHO BMicT rizpodiilbHMX POSUNHHUKIB B
pgiamizaTi 8 0.5 go 6.0 rog eKcliepuMeHTY B PO3paxyHKY Ha cM” miolni memb6panu. Pospaxo-
BaHI TakKi mapameTrpu, AK IIBUAKICTH BUBLIbHEHHS, KYMYJATUBHUHN BMiCT, KOHIIEHTpAIliA B
giamisati Ta crynimb BuBinbHeHHa (uepesd 6 rox). Ilokasamo, mo gudysia PG kpisop Ha-
IiBIPOHUKHY MeMOpaHy 8HAUHO iHTeHCUBHIimma, Hisxk xaudysia M400, mio nmoBasaHo, B Ieplry
Yepry, 3 MEHIIIOK MOJEKYJIAPHOI MACOK. 34 PAXYHOK BUCOKOMOJIEKYJISAPHUX MAKPOTOJIB Ta
moJIoOKcaMepy, IO He MOPOHUKAKTHL Kpishb MemOpaHy, MaseBa ocHoBa abcopbye Bomy. 3a
pes3yabTaTaM! LOCHIIKEeHb MOYKHA IIPOTHO3YBATH, IO BBEJEHHA IO Ma3eBOl OCHOBU HU3LKO-
MOJIEKYJIAPHOTO PO3UMHHUKA LO3ZBOJUTL YCYHYTH B yMOBaX in vivo HecneludiuHicThb meriz-
parywouol mii maseBoi ocHoBu. MaseBa ocHoBa 3abesmeunTh abcopObliifo THIHHOTO eKCyZaTy
mpu BifcyTHOCTI meriaparyrouol mii Ha KUTTE3AATHI TKAHUHUI.

1. Introduction ment of preparations for the local treatment

of purulent wounds. When applying an oint-

Bases-vehicles for ointments are an im- ment to a wound, 2 oppositely directed
portant functional material for the develop- processes should occur: absorption of puru-
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lent exudate by the ointment and diffusion
of active substances and penetration en-
hancers into the wound [1]. Studying such a
process in vivo can be challenging. In recent
years, regulatory authorities of the USA
and the EU have been implementing in vitro
release test (IVRT) [2, 3] for topical semi-
solid medicinal products. These tests, as a
part of evidence of pharmaceutical equiva-
lence, may be performed to omit the clinical
trials in certain cases. It was important to
study in the model conditions the diffusion
of hydrophilic solvents from the ointment
base into the receptor chamber with water
and water into the chamber with a water-
soluble ointment base. In this case water
simulated the exudate.

2. Experiment

Materials

A hydrophilic ointment base, containing
47.0 % m/m propylene glycol (PG) and
18.0 % m/m macrogol 400 (M400) (solvents
and penetration enhancers), 20 % m/m
macrogol 1450, 10.0 % m/m macrogol 4000
(these substances are thickeners for the
ointment base) and 5.0 % m/m poloxamer
338 (surface-active component and thick-
ener), was under study. The above men-
tioned substances ("BASF”, Germany) met
the requirements of the relevant mono-
graphs of the European Pharmacopoeia [4].
The components were heated to 70-75°C,
melted and homogenized with degassing at a vacuum
(of 0.5 to —0.6 MPa), then cooled with stirring to
23-25°C.

IVRT

The in vitro experiments in regard to PG
and M400 release from ointment base were
performed using vertical diffusion cells and
cellulose membranes (GOST 7730-89); the
membranes were pre-soaked in the purified
water (hereafter — water) for 24 hours.
The tests were performed at 32°C. The me-
dium (water) in the receptor chamber was stirred by
magnetic stirrer with mixing rate 600 rpm. Samples
(1.0 ml) were collected from receptor chamber at
0.5, 1, 2, 3, 4, 5, and 6 h after application of the
ointment base and the volume withdrawn was re-
placed with stock receptor medium (water). The
concentrations of PG or M400 in receptor medium at
different sampling time were measured and solvent
amount (mg) released at given time per unit arca
(cm?) was calculated for each sample. The results
were assessed according to the generally accepted
approaches [5, 6].

Quantitative determination of PG and
M400

554

Quantitative determination of PG and
M400 in the samples of the dialysate was
performed by Gas chromatography (GC) [4]
using gas chromatograph Shimadzu GC-
2014 with FID detector and AOC-5000
autoinjector ("Shimadzu”; software: GC so-
lution version 2.30.00). The analytical pro-
cedure for M400 is described below; this
procedure has been validated previously [7].

Analytical procedure for quantitative de-
termination of M400

Test solution. The filtered sample (recep-
tor medium containing released M400) to be
tested.

Reference solution. The filtered solution
of M400 ("Sigma-Aldrich™, cat.No. 202398)
in water 1 mg/ml.

Chromatographic conditions:

— column: material — fused silica; size
=380 m, d=0.32 mm; stationary phase —
poly(dimethyl)(diphenyl) siloxane; film
thickness — 0.25 um;

— carrier gas: nitrogen for chromatogra-
phy;

— linear velocity: 50 cm/min;

— split ratio: 1:30;

— detection: flame ionisation;

— injection: 1 pl of the test solution and
the reference solution;

— temperature: column — 150°C hold
for 1 min, then increase 5°C/min up to
270°C and hold for 40 min; injection port
— 270°C; detector — 270°C;

System suitability (reference solution):
resolution between peaks due to any two
M400 oligomers should be minimum 5; sym-
metry factor of the peak of any M400 oli-
gomer should be in the range from 0.8 to
1.5 and relative standard deviation for sum
of the peak areas of the all M400 oligomers
should not exceed 4.0 %.

Analytical procedure for quantitative de-
termination of PG

Test solution. The filtered sample (recep-
tor medium containing released PG) to be
tested.

Reference solution. The solution of PG
CRS (CRS of State Pharmacopoeia of

Ukraine, cat. No. P0347) in water
40 mg/ml.

Chromatographic conditions:

— column: material — glass; size [ =

110 cm, d = 3.2 mm; stationary phase —
ethylvinylbenzene-divinylbenzene copolymer
(8-100 mesh);

— carrier gas: nitrogen for chromatography;

— flow rate: 25 ml/min;

— detection: flame ionisation;

Functional materials, 29, 4, 2022
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Table 1. Validation characteristics of the analytical procedure for the PG quantification in the
dialysate by GC and their evaluation against the acceptance criteria [8]

Parameter Value Criteria (n = 10) ‘ Conclusion
Linearity
b 0,98925
S, 0,00505
o -0,08167 1)< |sa x 1.8595| = [0.69] Pass according to
2) if does not pass (1), then | both criteria
<[1.08]
S, 0,36878
So 0.80444
So/b 0.81318 <1.72| Pass
r 0.9999 >/0.9998| Pass
Repeatability
standard deviation SD,,., % 1.68
confidence interval: 3.08 <8.2 % Pass
Apy: (95 %10 —1)SDAZi
Accuracy
mean value AZ, % —0.83
1) statistical insignificance |AZ]: 0.83 |AZ| <3.08 : V10 = 0.97 % Pass
2) practical insignificance |AZ]: 0.83 |AZ] < 0.82x3.2%=1.02%

— injection: 1 ul of the test solution and
the reference solution;

— temperature: column — 220°C; injec-
tion port — 250°C; detector — 250°C;

— run time: ~ 4 min; Rt of PG peak ~
2.4 min.

System suitability (reference solution):
column performance calculated by the peak
due to PG should be at least 800 theoretical
plates; symmetry factor of PG peak should
be in the range from 0.8 to 2.0 and relative
standard deviation should be <8 %.

Validation of procedure for quantitative
determination of PG and calculation of the
acceptance criteria were carried out accord-
ing to the methodology outlined in the State
Pharmacopoeia of Ukraine [8].

The specificity of the analytical proce-
dure for PG quantification was confirmed
by the fact that on the chromatogram of the
solvent (water) there was no peak with a
retention time, which would coincide with
the retention time of the PG peak
(Rt=2.4 min) on the chromatograms of the
reference solution and model solution (dia-
lysate sample at time point 6 h). In addi-
tion, there was no difference in the reten-
tion times of the PG peaks on the chromato-
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grams of the model solution and reference
solution.

The range of the analytical procedure
was chosen taking into account the results
of determining the minimum and maximum
concentrations of PG in the samples of the
dialysate. The validation of the procedure
for quantitative determination of PG was
performed in the range of PG concentra-
tions in model solutions from 0.31 mg/ml
to 60.82 mg/ml (from 0.8 % to 152.0 % of
the nominal concentration of PG in the ref-
erence solution — 40.0 mg/ml). The proce-
dure for quantitative determination of PG
in the studied range met the acceptance cri-
teria in regard to linearity, repeatability
and accuracy [8] (Table 1). The solutions
were stable for more than 24 hours. The
minimum limit of PG quantification (MLQ),
calculated from the signal/noise ratio on
the chromatogram of the model solution
(0.81 mg/ml PG), was 15.81 ug/ml [30].

Water absorption by the ointment base

The water content in the chamber with
the ointment base can be determined by
K.Fisher titration [4, 8], but, generally, in
the case of model process, it could be done
by evaluating of change in mass (Am) of the
contents in the chamber with an ointment
base. The chamber, in which 3.0 g of the
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Fig. 1. Rheogram of ointment base (at 32°C).

ointment base was initially placed, was
weighed at certain time points and the
change in mass (Am) of the contents of the
chamber was calculated. If the chamber con-
tains solutions of hydrophilic high molecu-
lar weight substances that are not able to
diffuse through the membrane, this ap-
proach is quite correct. But this approach
does not take into account the diffusion of
low molecular weight hydrophilic substances
(PG and M400) into the receptor chamber
with water. In this case, the researcher does
not receive exact quantitative results, but can
estimate the kinetics of the model process.

Rheological properties of the ointment
base

Rheogram (plot of the shear stress (1,)
versus the shear rate (D,) were obtained at
32°C by rotating viscometry [4] using a ro-
tating viscometer "Rheolab QC” with coax-
ial cylinders CC-27 ("Anton Paar GmbHT;
software RHEOPLUS, version 2.66). Rheo-
gram (Fig. 1) was used to characterize the
flow behaviour as well as to determine the
hysteresis (thixotropic) area (Af), yield
stress (7y) and the apparent viscosity (1) at
various shear rates (Table 2).

The experiments were performed at 32°C
(skin temperature) according to the require-
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Square root of time, h 112

Fig. 2. PG release rate plot () and M400
release rate plot (2) at 32°C (solvent amount
(mg) released per unit area (em? vs square
root of time (h!/2)).

ments regarding IVRT [2, 3]. A circulating
thermostat  Julabo F12-ED  ("Julabo
Labortechnik GmbH", Germany) was used to
maintain a necessary temperature.

3. Results and discussion

The object under study at 32°C had the
consistency of an ointment base. It was a
non-Newtonian liquid characterized by a
plastic flow (15 = 68.9 Pa), thixotropic
properties (Ay = 14541.6 Pas™!) and differ-
ent values of apparent viscosity at different
shear rates (Table 2).

Water and the hydrophilic ointment base,
separated by permeable membrane, cause two
oppositely directed diffusion processes:
1) PG and M400 penetrate into the chamber
with water; 2) water diffuses into the cham-
ber with the ointment base [9].

According to the presented plots (Fig. 2)
and values of correlation coefficients (Table 3)
the relationship between PG or M400
amount released per unit area of the mem-
brane versus the square root of time was
linear and allowed us to adequately deter-
mine the release rates. Coefficients of deter-
mination were greater than 0.97 (acceptance
criterion R2 > 0.90) [5, 6].

Table 2. Rheological parameters of ointment base at 32°C

Rheological parameters:

Ty, Pa Ay, Pas™ n, Pas, at D :
14.55 s 1 28.09 s 1 41.64 s71 82.27 51
68.9 14541.6 13.01 9.10 7.34 4.70
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Table 3. Parameters of PG and M400 release from ointment base

Parameter Results in the case of:
PG M400
Release rate (R), mg/cm?/h~1/2 100.05+2.02 22.59+0.39
SD: 1.00 SD: 0.19
Cumulative amount (4) 198.43+4.92 42.42+0.89
t ti th int 6 h
(at time the point 6 h), mg/em SD: 2.44 SD: 0.44
Content (C) in the dialysate 23.837+0.58 4.00+0.10
(at the time point 6 h), mg/ml SD: 0.29 SD: 0.05
Correlation coefficient r 0.9977 0.9919
SD: 0.001 SD: 0.002
Coefficient of determination RZ 0.995 0.984
Percentage of solvent released 99.43+2 .47 55.51+1.17
t the ti int 6 h), 9
(at the time point 6 b, % SD: 1.22 SD: 0.58
The release rate of PG from the ointment 300 4
base was greater than the release rate of
M400 by approximately 4.4 times, which 250 —
was due to the difference in their molecular /
weights (by 5 times) [4]. The minor differ- 2 "
. 200 |
ence between the ratio of release rates and £
the ratio of molecular weights was probably 4
due to the interaction of hydroxyl groups of 150 1
PG with high-molecular macrogols and
poloxamer [10], which slightly delayed the 100 4
release of PG.
Cumulative amount and concentration of 50,
PG in the dialysate were 4.7 times and
5.8 times greater compared to these pa- o 1 2 3 a4 5 8

rameters for M400, respectively. The percent-
age of PG released from the ointment base
was greater compared to the percentage of
M400 released by approximately 1.8 times;
after 6 hours of the experiment, almost all
amount of PG was released (Table 3). It
should be noted the higher percentage of PG
released compared to M400 release.

As Fig. 8 shows, simultaneously with the
diffusion of PG and M400 into the chamber
with water, water was absorbed by the oint-
ment base containing impermeable high-mo-
lecular macrogols and poloxamer. At time
point 6 h, the weight of the chamber with
ointment base increased by approximately
260 %, despite almost complete release of
PG and 55.5 % release of M400 from this
chamber (Table 8). This indicates the ability
of the ointment base to absorb exudate and
cause nonspecific dehydration of tissues.

4. Conclusions

An experiment with an ointment base
containing a combination of two hydrophilic
solvents differing in molecular weight was

Functional materials, 29, 4, 2022

Time, h

Fig. 3. Kinetics of changes in the mass of the
contents in the chamber with the ointment
base at 32°C.

conducted for the first time. According to
the results of research PG with a low mo-
lecular weight of 76.1 [5] quickly released
during in vitro experiments, and M400 (Mr
383.5) [7] penetrated through the membrane
into the chamber with water much more
slowly due to its higher molecular weight.
Poloxamer 338, macrogol 1450 and macro-
gol 6000 due to their high molecular weight
did not penetrate into the chamber with
water, but provided water absorption by
ointment base. To a certain extent, the ab-
sorption of water by the ointment base was
also provided by that part of M400 that did
not penetrate into the chamber with water.

The conventional hydrophilic ointment
base contains only M400 in combination
with high-molecular macrogols [1]. Obvi-
ously, when applying ointment with this
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base, the processes of water/exudate diffu-
sion to the ointment base prevail due to the
low release rate of M400. In vivo this leads
to nonspecific dehydration of the biological
object, when along with the absorption of
exudate, the dehydration of all tissues, for
example, granulation tissues, occurs.

If an ointment base contains two solvents
with different molecular weights, the proc-
esses of diffusion in vivo will be different.
PG is able to quickly penetrate into the tis-
sues, as a result of which an osmotic bal-
ance can occur between the biological object
and the ointment. This balance could then
be maintained by M400, which slowly pene-
trates into the tissues. According to the re-
search results, it can be assumed that a
low-molecular solvent included into the
composition of the ointment base should
eliminate the nonspecific dehydrating effect
of the ointment base in vivo. In this case,
the ointment base can provide the absorp-
tion of purulent exudate by the medicinal
product without dehydrating effect on vi-
able tissues, in particular, granulation tis-
sues.

Varying the ratio between the compo-
nents of the ointment base makes it possible
to develop medicinal products that are opti-
mal for the treatment of various pathologi-
cal processes, when the different ratio be-
tween the processes of penetration and de-
hydration is required.
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