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1. Introduction
Suppositories are a promising dosage form for use 

in proctology, gynaecology, urology and other areas of 
medicine [1]. Medicinal products in the form of supposi-
tories have a local or systemic effect [2, 3]. The physico-
chemical, biopharmaceutical and therapeutic properties 
of medicinal products in this dosage form depend on the 
composition of the active ingredients and the type and 
composition of the suppository bases, which can be di-
vided into two large groups – lipophilic and hydrophil-
ic [4]. The most widely used are lipophilic suppositories 
with bases containing hard fat of various brands [1, 5].

Manufacturers offer a wide range of lipophilic sup-
pository bases [5], which differ in the composition of fatty 
acid glycerides, solidification and melting points, hydroxyl 
values, resistance to rupture of suppositories made from 
them, as well as additives of hydrophilic and lipophilic sur-
factants [6]. During the pharmaceutical development of 
medicinal products, it is necessary to substantiate the choice 

of a suitable lipophilic suppository base, taking into account 
the nature and content of the active substance, as well as the 
route of administration [3, 7]. For example, hard fat with low 
hydroxyl values, such as Witepsol® H 35 («IOI Oleo»), is 
used for suppositories containing non-steroidal anti-inflam-
matory drugs to prevent the formation of ester impurities. 
The suppository base Ovucire® 3460 («Gattefosse») con-
tains hard fat, ricinoleate and macrogol 20 cetostearyl ester; 
it is characterised by high hardness and increased spread-
ability in the molten state and is recommended for pessaries. 
The suppository base Suppocire® AGP («Gattefosse») con-
tains hard fat, glyceryl monostearate and PEG-75 stearate; 
this base is recommended for suppositories with hydrophil-
ic active substances and plant extracts.

Despite the wide range of suppository bases, sci-
entific publications contain the results of studies on the 
development of new bases or the use of new excipients for 
such bases. Some scientific papers deal with the effect of 
surfactants with different hydrophilic-lipophilic balances 
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on the physicochemical properties of lipophilic supposi-
tories and the in vitro release of some active substances 
from them, e.g., meloxicam [6], paracetamol [7], dehy-
droepiandrosterone [8].

In general, hydrophilic suppository bases contain 
high-molecular-weight macrogols as forming agents [9, 10], 
which have a dehydrating and irritating effect on mucous 
membranes [10]. Suppositories with such bases often 
cause diarrhoea when administered rectally and may 
cause irritation and pain when administered vaginally. 
Due to these side effects, the use of suppositories based on 
macrogols is limited. Scientific research on polyethene 
oxide bases is devoted to the choice of the mass ratio of 
macrogols with different molecular weights [7], the addi-
tion of hydrophilic polymers to the bases, in particular, 
carboxymethyl cellulose and polyvinylpyrrolidone [11], 
hydroxylpropylmethylcellulose [12], poloxamers 407 
and 188 [12, 13], xanthan gum [14]. Polymers improve or 
prolong the release of active substances such as metronida-
zole [11], ondansetron [12], carbamazepine [13], metoclo-
pramide [14]. In general, the in vitro release of active 
substances from hydrophilic bases is faster and more 
complete than from lipophilic bases; in particular, this has 
been shown for indomethacin [15] and ibuprofen [16].

One of the new directions is the creation of liquid 
bases that transform into a gel with increasing tempera-
ture after rectal administration [17]. The development of 
the liquid mucoadhesive formulation with ondansetron 
and the study of its characteristics, such as gelation tem-
perature, mucoadhesive and rheological properties, and 
in vitro release parameters, are presented in the pa-
per [18]. The bases for the so-called «liquid supposito-
ries» were developed using hydroxypropylmethylcellu-
lose and poloxamers.

Poloxamers are promising excipients that can be 
used as forming agents and mucoadhesive agents in the 
composition of suppositories with hydrophilic bases [19]. 
The use of poloxamers makes it possible to include mac-
rogol 400 (M400) and propylene glycol (PG) in the com-
position of hydrophilic bases [20]. The combination of 
hydrophilic forming agents with low molecular weight 
hydrophilic solvents is rational [21]. Due to their high 
molecular weight, the forming agents (poloxamers and 
macrogols) do not penetrate biomembranes but cause 
nonspecific dehydration of the biological object along 
with exudate absorption, resulting in local irritation. In 
the presence of low molecular weight hydrophilic sol-
vents in the suppository base, diffusion processes should 
be different in vivo [21]. Glycols should penetrate rapidly 
into tissues, resulting in an osmotic equilibrium between 
the biological object and the base, which should prevent 
dehydration of the biological object. In addition, the os-
motic properties of the suppository base could probably 
be reduced by the addition of a complex emulsifier con-
taining surfactant and cetostearyl alcohol (CSA), as has 
been shown for semi-solid preparations [22].

The aim. To study the effect of the composition 
of hydrophilic suppository bases on the physicochemi-
cal and osmotic properties of suppositories made from 
them.

2. Planning (methodology) of the research
It was planned to introduce a mixed solvent PG – 

M400 (60:40 % m/m) into the composition of hydrophilic 
suppository bases, which could provide a preferential 
release of PG [23] and replace some or all of the high-mo-
lecular-weight macrogols with a suitable poloxamer [9]. It 
was also planned to introduce a complex emulsifier con-
taining macrogol 20 cetostearyl ether (M20CSE) and 
CSA into the composition of the bases [9]. This planning 
was based on the results of previous studies on semi-sol-
id preparations [22].

It was necessary to study the resistance to rupture 
of suppositories on hydrophilic bases, disintegration time 
and the kinetic of water absorption depending on the 
following factors:

– the ratio between the content of the mixed 
non-aqueous solvent and the total content of high-molec-
ular-weight macrogols; 

– the ratio between M20CSE and CSA at a certain 
total content;

– total content of M20CSE and CSA at a certain ratio;
– water content;
– grade of poloxamers at their certain content;
– content of hard fat, which is a dispersed phase of 

hydrophilic bases.
The suppository base containing 80 % M1500 and 

20 % M400 (hereinafter referred to as the PEO base) was 
used as the comparator (reference base) [10].

It was planned to identify the factors affecting the 
microstructure of hydrophilic bases by means of optical 
microscopy [24].

Since, in the case of semi-solid preparations, the 
water absorption and solvent release were significantly 
dependent on the presence of surfactants and CSA [22], it 
was planned to carry out the same studies with two hy-
drophilic suppository bases, one containing M20CSE 
and CSA, and the other without these excipients.

Finally, it was planned to study the hydrophilic base 
containing non-aqueous solvents, M20CSE and CSA, by 
rotational viscometry [24] and spin probe method [25, 26], 
depending on the temperature. Two probes were selected 
for the study, one based on the fatty acid simulating a w/o 
emulsifier and the other simulating a hydrophilic sub-
stance soluble in hydrophilic solvents. The parameters of 
the EPR spectra of these spin probes could be used to 
provide an idea of the possible formation of M20CSE and 
CSA associates, as well as the state of the hydrophilic 
substance in the bases depending on temperature. Of sci-
entific interest was the comparison of the parameters of 
rotational diffusion of the probes and the physicochemical 
properties of the suppository base (flow behaviour, viscos-
ity, consistency).

3. Materials and methods
In the experiments, excipients produced by 

«BASF» were used: macrogol 1500 (Pluracare® E 1500 
Flakes – M1500); macrogol 4000 (Pluracare® E 4000 
Flakes – M4000); macrogol 20 cetostearyl ether (Kol-
liphor® CS 20 – M20CSE); cetostearyl alcohol (Kolli-
wax® CSA 50 – CSA); poloxamer 188 (Kolliphor® P 188 – 
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P188); poloxamer 338 (Kolliphor® P 338 – P338); 
poloxamer 237 (Kolliphor® P 237 – P237); poloxamer 407 
(Kolliphor® P 407 – P407); propylene gly-
col (Kollisolv® PG – PG); macrogol 400 
(Kollisolv® PEG 400 – M400). In addition, 
hard fat Suppocire® NA 15 («Gattefossė 
SAS») (hereinafter referred to as hard fat) 
and purified water (hereinafter referred to 
as water) were used. All substances were 
of pharmaceutical grade and met the re-
quirements of the relevant monographs of 
European Pharmacopoeia [9].

The mass ratio was 6:4 for PG and 
M400 and 3:1 for M1500 and M4000.

The compositions of the studied 
bases are given in Tables 1–6.

The total content of the mixed solvent 
PG – M400 varied from 15.0 % to 45.0 %, 
and the total content of M1500 and M4000 
varied from 70.0 % to 40.0 %. The content of 
other components was constant (Table 1).

The mass ratio between M20CSE 
and CSA (with their total content of 1.0 %) 
varied from 1.0:0 to 0:1.0 (Table 2), and the 
total content of M20CSE and CSA (with 
their mass ratio of 3:7) was varied from 
0.5 % to 4.0 % (Table 3).

The content of hard fat was 
changed from 1.0 % to 7.0 % (Table 4), 
and the water content was varied from 
0.5 % to 6.0 % (Table 5). 

In addition, P338 or P237 or P407 
were used in the bases instead of P188 (Ta-
ble 5). 

A series of suppository bases con-
taining only P188 as a forming agent was 
studied. The content of P188 and the total 
content of the mixed solvent PG – M400 
were varied in these bases (Table 6).

The suppository mass was obtained 
by melting the mixture of all components 
at 65–70 °C with stirring, then degassing 
the melted base and cooling it to ~50 °C. 
The melted suppository mass was dosed at 
3.0 g into disposable suppository moulds 
made of laminated PVC film, and the sup-
positories were then cooled at ~12 °C.

The water content was determined 
in each component, and the amount of 
water to be added to the melted supposito-
ry mass was calculated. The water content 
was determined by the semi-micro method 
(2.5.12) [9, 24] using 870 KF Titrino titra-
tor (Metrohm AG; software Firmware 
58700025).

The determination of resistance to 
rupture was performed using an SBT ap-
paratus («Erweka») according to the 
monograph 2.9.24 of State Pharmacopoeia 

of Ukraine [25]. Measurements were performed at 25 °C, 
and the average value of 10 measurements was calculated. 

Table 1
Compositions of suppository bases with different content of mixed non-
aqueous solvents and different total content of high-molecular-weight 

macrogols
Compo-
nents

Content (% m/m) in suppository bases:
No. 1. 1 No. 1. 2 No. 1. 3 No. 1. 4 No. 1. 5 No. 1. 6 No. 1. 7

M20CSE 0.3 0.3 0.3 0.3 0.3 0.3 0.3
CSA 0.7 0.7 0.7 0.7 0.7 0.7 0.7
PG 9.0 12.0 15.0 18.0 21.0 24.0 27.0

M400 6.0 8.0 10.0 12.0 14.0 16.0 18.0
P188 10.0 10.0 10.0 10.0 10.0 10.0 10.0

M1500 52.5 48.75 45.0 42.25 37.5 33.75 30.0
M4000 17.5 16.25 15.0 13.75 12.5 11.25 10.0
Hard fat 4.0 4.0 4.0 4.0 4.0 4.0 4.0

Table 2
Compositions of suppository bases containing M20CSE and CSA at 

different mass ratios

Components
Content (% m/m) in suppository bases:

No. 2. 1 No. 2. 2 No. 2. 3 No. 2. 4 No. 2. 5
M20CSE 1.0 0.7 0.5 0.3 0

CSA 0 0.3 0.5 0.7 1.0
PG 15.0 15.0 15.0 15.0 15.0

M400 10.0 10.0 10.0 10.0 10.0
P188 10.0 10.0 10.0 10.0 10.0

M1500 45.0 45.0 45.0 45.0 45.0
M4000 15.0 15.0 15.0 15.0 15.0
Hard fat 4.0 4.0 4.0 4.0 4.0

Table 3
Compositions of suppository bases with different total contents of 

M20CSE and CSA
Compo-
nents

Content (% m/m) in suppository bases:
No. 3. 1 No. 3. 2 No. 3. 3 No. 3. 4 No. 3. 5 No. 3. 6 No. 3. 7 No. 3. 8

M20CSE 0 0.15 0.30 0.45 0.60 0.75 0.90 1.20
CSA 0 0.35 0.70 1.05 1.40 1.75 2.10 2.80
PG 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0

M400 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
P188 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0

M1500 45.5 45.38 45.0 44.63 44.25 43.88 43.50 42.75
M4000 15.589 15.12 15.0 14.87 14.75 14.62 14.50 14.25
Hard fat 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

Table 4
Compositions of suppository bases with different content of hard fat

Compo-
nents

Content (% m/m) in suppository bases:
No. 4. 1 No. 4. 2 No. 4. 3 No. 4. 4 No. 4. 5 No. 4. 6 No. 4. 7

M20CSE 0.3 0.3 0.3 0.3 0.3 0.3 0.3
CSA 0.7 0.7 0.7 0.7 0.7 0.7 0.7
PG 15.0 15.0 15.0 15.0 15.0 15.0 15.0

M400 10.0 10.0 10.0 10.0 10.0 10.0 10.0
P188 10.0 10.0 10.0 10.0 10.0 10.0 10.0

M1500 47.25 46.50 45.75 45.0 44.25 43.50 42.75
M4000 15.75 15.50 15.25 15.0 14.75 14.50 14.25
Hard fat 1.0 2.0 3.0 4.0 5.0 6.0 7.0
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The disintegration tests (2.9.2) [9, 24] were per-
formed using PTS 3E apparatus («Pharma Test Apparate-
bau AG»).

Rheograms (plots of the shear stress (τr) vs the 
shear rate (Dr)) were obtained at certain temperatures 
by rotational viscometry (2.2.10) [9, 24] using a rotat-
ing viscometer «Rheolab QC» with coaxial cylinders 
CC-27 (for non-Newtonian liquids) and DG42 (for 
Newtonian liquids) («Anton Paar GmbH»; software 
RHEOPLUS, 2.66 version). Rheograms were used to 
characterise the f low behaviour as well as to deter-
mine the yield stress (τ0) and the apparent viscosity or 
the dynamic viscosity (η).

The microstructure of the bases was examined by 
optical microscopy (2.9.37) [9, 24] using a microscope 
MBL-2100 with an eyepiece micrometer («A. Krüss Op-
tronic»).

The experiments in regard to the in vitro release 
of PG or M400 from suppository bases were per-
formed using vertical diffusion cells and cellulose 
membranes (GOST 7730-89); the membranes were 
pre-soaked in the receptor medium (water R) for 24 
hours. The tests were performed at 37 °C. The donor 
chamber contained 3.0 g of the melted suppository 
base; the membrane contact area was 7.065 cm2; the 
medium in the receptor chamber was stirred by a mag-
netic stirrer with a mixing rate of 600 rpm. Samples 
(1.0 ml) were collected from the receptor chamber at 
0.5, 1, 2, 3, 4, 5, and 6 h after application of the tested 
system and the volume withdrawn was replaced with 

stock receptor medium (water R). The concentrations 
of PG or M400 in receptor medium at different sam-
pling times were measured, and the amount of PG or 
M400 (mg) released at a given time per unit area (cm2) 
was calculated for each sample. The results were as-
sessed according to the requirements of EMA draft 
guidelines [26], USP General Chapter <1724> [27] and 
using accepted approaches [28, 29].

Quantitative determination of PG and М400 in 
the receptor medium was performed according to the 
validated procedures [22, 30] by gas chromatogra-
phy (2.2.28) [9, 24] using GC-2014 gas chromatograph 
with FID detector and AOC-5000 autosampler («Shi-
madzu»; software: GC solution version 2.30.00). 

Water absorption by the bases was studied by dial-
ysis using vertical diffusion cells and cellulose mem-
branes (GOST 7730-89), which were pre-soaked in the 
water R for 24 h. The chamber containing 3.0 g of sample 
was weighed at regular intervals, and the conditional 
mass of absorbed water was calculated from the change 
in the weight of the chamber contents. The tests were 
carried out at 37 °C.

Electron paramagnetic resonance (EPR) spectros-
copy was used for the research [31, 32]. The following 
spin probes were used:

– (1): 4-Palmitamido-2,2,6,6-tetramethylpiperidine- 
1-oxyl; Mr 409.67; CAS: [22977-65-7]); 

– (2) 4-Hydroxy TEMPO (TEMPOL); C9H18NO2; 
Mr 172.24; CAS: [2226-96-2].

Probe 1 simulated a w/o emulsifier, and probe 2 
simulated a hydrophilic active substance.

Each of the spin probes was added into the mixed 
solvent PG – M400 (60:40 % m/m) and suppository base 
at the concentration of 10–4 mol/l. EPR spectra were ob-
tained using an «EPR Spectrometer CMS8400» («Adani», 
software EPRCMD) at 20 °C, 25 °C and 45 °C.

Using the EPR spectra, which were triplets, the 
height of the low-field, central and high-field peaks (h+1, 
h0 та h–1, respectively), as well as the width (Gs) of the 
low-field component (∆H+1) and central component (∆H0), 
were determined. Rotational correlation times of spin 
probes (τ–1, τ±1) and anisotropy parameter (ε) were calcu-
lated by the following equations [31, 32]:

90
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The rotational correlation time of the spin probe (τ) 
is directly proportional to the effective radius of the mol-
ecule (R) and to the microviscosity of its local surround-

Table 5
Compositions of suppository bases with different water 

content
Compo-
nents

Content (% m/m) in suppository bases:
No. 5. 1 No. 5. 2 No. 5. 3 No. 5. 4 No. 5. 5 No. 5. 6

M20CSE 0.3
CSA 0.7
PG 15.0

M400 10.0
P188 10.0

M1500 45.0
M4000 15.0
Hard fat 4.0

Base 99.5 99.0 98.0 97.0 96.0 95.0
Water 0.5 1.0 2.0 3.0 4.0 5.0

Table 6
Compositions of suppository bases with different content of 

Р188 and total content of mixed solvent PG – M400
Compo-
nents

Content (% m/m) in suppository bases:
No. 6. 1 No. 6. 2 No. 6. 3 No. 6. 4 No. 6. 5 No. 6. 6

M20CSE 0.30 0.30 0.30 0.30 0.30 0.30
CSA 0.70 0.70 0.70 0.70 0.70 0.70
Р188 37.0 40.0 45.0 50.0 55.0 60.0
PG 37.2 35.4 32.4 29.4 26.4 23.4

M400 24.8 23.6 21.6 19.6 17.6 15.6

https://en.wiktionary.org/wiki/shear_stress
https://en.wiktionary.org/wiki/shear
https://en.wiktionary.org/wiki/flow
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ing (η) and inversely proportional to the absolute tem-
perature (T) [32]:

( )34 / 3 .τ = ⋅π ⋅ ⋅η ⋅ ⋅R k T     (4)

The hyperfine splitting constant (AN) was deter-
mined as the distance (mT) between the central and high-
field components by the EPR spectra, which were trip-
lets; the AN characterises the micropolarity of the 
environment in the vicinity of the nitroxyl radical [32].

A circulating thermostat, «Julabo F12-ED» («Jula-
bo Labortechnik GmbH»), was used to maintain a neces-
sary temperature.

4. Research results
Resistance to rupture of suppositories and disinte-

gration test.
When the concentration of the mixed non-aque-

ous solvent was increased from 15 % to 40 % and the 
total content of M1500 and 
M4000 was reduced from 70 % 
to 45 % (Table 1), the resistance 
to rupture of the suppositories 
decreased from 4.9 kg to 
0.8 kg (Fig. 1, a), and the disinte-
gration time decreased from 55 
min to 30 min (Fig. 1, b).

Taking into consideration 
the dependence of the studied 
characteristics on the content of 
the mixed non-aqueous solvent, 
it can be concluded that its con-
centration of about 25 % was 
optimal since, at this content 
of the mixed solvent, the sup-
positories were quite hard 
(breaking occurred at mass of 
3.3 kg), and the time of their 
disintegration was about 40 
minutes (Fig. 1).

The resistance to rup-
ture of suppositories was max-
imal at the mass ratio between 
M20CSE and CSA of 3:7 (Ta-
ble 2) (Fig. 2, a). As the 
amount of CSA in the emulsi-
fier mixture increased from 
30 % to 70 %, the disintegra-
tion time of the suppositories 
decreased (Fig. 2, b).

The resistance to rup-
ture of suppositories was 
maximal at the content of the 
mixture of emulsifiers of 
1.0 % and 1.5 %; the mass re-
quired to break the supposito-
ry was 3.3 kg (Fig. 3, a); the 
disintegration times were 
40 min and 45 min and in-
creased sharply to 220 min 

with a further increase in the content of mixture of 
emulsifiers to 2.5 % (Fig. 3, b). The disintegration of 
suppositories containing 0.5 % to 2.0 % of mixture of 
M20CSE and CSA occurred as described in points (a) 
or (b) of the pharmacopoeial monograph 2.9.2, and the 
disintegration of suppositories containing more than 
2.0 % of these emulsifiers occurred as described in 
point (c) [9, 24]. 

Hard fat was the dispersed phase of the supposito-
ry mass. The resistance to rupture of suppositories was 
maximal at the hard fat content of 4.0 % (Fig. 4, a). As 
the hard fat content was increased to 4.0 %, the disinte-
gration time decreased and then did not change with the 
further increase in the hard fat content to 7.0 % and was 
approximately 30 min (Fig. 4, b).

Hard fat and emulsifiers, when used together in 
certain concentrations, provided a homogeneous struc-
ture of the bases (Fig. 5), preventing uneven crystallisa-
tion of poloxamers and high-molecular-weight macrogols.

Fig. 1. Characteristics of suppositories depending on content (С) of mixed solvent 
(Table 1): a – resistance to rupture; b – disintegration time

а b

Fig. 2. Characteristics of suppositories depending on CSA content (С) in the mixture 
of M20CSE and CSA at their total content 1.0 % (Table 2): 

a – resistance to rupture; b – disintegration time

а b

Fig. 3. Characteristics of suppositories depending on total content (С) of M20CSE and 
CSA at their ratio 3:7 (Table 2): a – resistance to rupture; b – disintegration time

а b
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Suppository base No. 3. 1 contained 4.0 % hard fat 
and did not contain M20CSE and CSA (Table 3). When 
2.5 % of the mixture of M20CSE and CSA was added to the 
suppository base in their mass ratio of 3:7, the microstruc-
ture of the base changed and became homogeneous (suppos-
itory base No. 3. 6) (Fig. 5). Suppository base No. 4. 1 con-
tained only 1.0 % hard fat and 1.0 % emulsifiers; as the 
content of solid fat was increased to 4.0 %, the microstruc-

ture of the base changed: the 
forming agents crystallised in the 
form of small particles, and the 
base became more homogeneous 
(suppository base No. 4. 4) (Fig. 5).

The resistance to rupture 
of suppositories depended on the 
grade of poloxamer in their com-
position, being minimal in the 
case of poloxamer 407 and max-
imal in the case of poloxamer 237 
(Fig. 7, a). On the contrary, the 
disintegration time was maximal 
when poloxamer 407 was used 

and minimal when poloxamer 237 was used (Fig. 7, b).
In the case of suppository bases with poloxamer 

188 as the main forming agent (Table 6), with an increase 
in its content from 37.0 % to 60.0 % and, accordingly, a 
decrease in the content of the mixed solvent, both the 
resistance to rupture of suppositories (Fig. 8, a) and the 
disintegration times (Fig. 8, b) increased.

Fig. 4. Characteristics of suppositories depending on hard fat content (С) (Table 4): 
a – resistance to rupture; b – disintegration time

а b

Fig. 5. Micrographs of the suppository bases (Table 3, 4) at ×150

Fig. 6. Characteristics of suppositories depending on water content (С): a – resistance to rupture; b – disintegration time for: 
1 – bases with different water content (Table 5); 2 – PEO base with added water 

а b
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Study of osmotic prop-
erties of suppository bases.

In addition to phar-
maceutical technical tests, 
it was important to study 
the inf luence of pharma-
ceutical factors on the os-
motic activity of hydrophil-
ic suppository bases, in 
particular, on their water 
absorption as a characteris-
tic of the potential dehy-
drating effect of bases on 
mucous membranes.

The results of the study of the osmotic activity of 
suppository bases are shown in Fig. 9, 10.

As the concentration of the mixed non-aqueous 
solvent was increased from 15 % to 40 % and the total 
content of M1500 and M4000 was reduced from 70 % to 
45 % (Table 1), the conditional mass of absorbed water 
decreased from 162.2 % to 92.7 %, i.e., by 1.75 times 
(Fig. 9, a). The weight of the chamber with the PEO base 
increased by 220.1 % after 3 hours of experiment, which 
was significantly higher compared to hydrophilic bases, 
the composition of which is given in Table 1 (Fig. 9). An 
increase in the content of high-molecular-weight macro-
gols led to more intense water absorption (Fig. 9, a), and 
an increase in the content of the more hydrophobic polox-
amer 188, on the contrary, contributed to a decrease in the 
mass of absorbed water (Fig. 9, b). An increase in the mass 
fraction of CSA in the emulsifier mixture resulted in a 
1.43-fold decrease in the water absorption by suppository 
bases (Fig. 10, a). With an increase in the total concentra-
tion of emulsifiers, the water absorption by suppository 
bases decreased from 190.2 % (no emulsifiers) to 73.7 % 
(2.5 % emulsifiers) and became 3 times lower compared to 
the PEO base (Fig. 10, b).

The osmotic activity of the suppository bases is 
also manifested by the diffusion of PG and M400 into the 
chamber with water. Two suppository bases were select-
ed to study this process. One of them contained 
50.0 % P188, 30.0 % PG and 20.0 % M400 (base No. 1), 
and the other contained 0.45 % M20CSE, 1.05 % CSA, 
48.5 % P188, 30.0 % PG and 20.0 % M400 (base No. 2). 

That is, the bases differed in the 
presence of emulsifiers.

The graphs in Fig. 11 and 
the values of the correlation co-
efficients in Table 7 indicate that 
the dependence of the amount of 
PG or M400 released per unit 
membrane area on the square 
root of time was linear in all 
runs of the in vitro release ex-
periment. The values of the co-
efficients of determination were 
higher than the acceptance crite-
rion (>0.90) [28, 29].

Fig. 7. Characteristics of suppositories depending on 
poloxamer grade (Table 5):  

a – resistance to rupture; b – disintegration time

а 

b

Fig. 8. Characteristics of suppositories depending on content (C) of poloxamer 188 
(Table 6): a – resistance to rupture; b – disintegration time

а b

Fig. 9. Change in mass (∆m) of chambers containing suppository bases after 3 hours 
of the experiment depending on: a – the content (C) of mixed non-aqueous solvent 

(Table 1); b – the content (C) of poloxamer 188 (Table 6)

а b
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The introduction of 0.45 % M20CE and 1.05 % 
CSA into the hydrophilic suppository base resulted in 
a significant decrease in the in vitro release of PG and 
M400. The average release rate (R) for PG and M400 
decreased by 70.8 % and 79.2 %, respectively; the cu-
mulative content (A) after 6 hours – by 61.1 % and 
76.5 %, the content of PG and M400 in the dialysate 
(C) – by 61.0 % and 76.4 %, and the released amount – 
by 61.1 % and 76.5 %. During 6 hours of experiment, 

the mass of the chamber with the base without emulsi-
fiers increased by 269.6 %, and the mass of the cham-
ber with the base containing 1.5 % emulsifiers in-
creased by 87.7 %, which is 3.07 times less (Fig. 12). 
The presence of emulsifiers M20CE and CSA in the 
hydrophilic suppository base led to a decrease in its 
osmotic activity, which was manifested by a decrease 
in both the mass of absorbed water and the parameters 
of in vitro release of hydrophilic solvents.

Fig. 10. Change in mass (∆m) of chambers containing suppository bases after 3 hours of the experiment depending on: 
a – the content (C) of CSA in the mixture of M20CSE and CSA (Table 2); b – as well as the total content of M20CSE 

and CSA (Table 3)

а b

Fig. 11. Release rate plots for: a – PG; b – М400 in the case of their release from: 1 – base without emulsifiers,  
2 – base containing 1.5 % M20CSE and CSA (3:7)

а b

Table 7
Parameters of in vitro release for PG and М400 (see Fig. 11)

Parameter
PG М400

Base No. 1 Base No. 2 Base No. 1 Base No. 2

Release rate, mg/cm2/h–1/2 51.41±11.90 
SD: 4.07

15.00±1.73 
SD: 0.59

32.18±4.03 
SD: 1.38

6.68±1.58 
SD: 0.54

Cumulative amount (А) (at the time point 6 h), mg/cm2 113.10±10.17 
SD: 3.48

44.04±6.70 
SD: 2.29

55.76±1.09 
SD: 0.37

13.13±2.79 
SD: 0.96

Content (С) in the receptor medium (at the time point 6 h), mg/ml 13.32±1.20 
SD: 0.41

5.19±0.79 
SD: 0.27

6.57±0.13 
SD: 0.04

1.55±0.33 
SD: 0.11

Correlation coefficient r 0.98465 0.99615 0.99541 0.98393

Coefficient of determination R2 0.9695 0.9923 0.9908 0.9681

Released amount (at the time point 6 h), % 88.78±7.99 
SD: 2.73

34.57±5.26 
SD: 1.80

65.65±1.28 
SD: 0.44

15.46±3.29 
SD: 1.13
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Study of suppository bases by rotational viscome-
try and spin probes method.

Base No. 2, containing 50 % hydrophilic non-aque-
ous solvents and 1.5 % M20CSE and CSA (3:7), was 
studied by rotational viscometry and spin probe method 
at different temperatures.

As can be seen from the rheograms in Fig. 13, the 
hydrophilic suppository base No. 2 in the melted state 

was a Newtonian fluid. The dynam-
ic viscosity increased with decreas-
ing temperature and was 354 mPa∙s 
at 50 °C, 431 mPa∙s at 45 °C, 
470 mPa∙s at 41 °C, and 578 mPa∙s 
at 39 °C. At 37 °C, a sol→gel transi-
tion occurred; the base became a 
non-Newtonian fluid with a yield 
stress (τ0) of 90.8 Pa, an apparent 
viscosity of 7.0 Pa∙s (at Dr=14.55 s−1), 
and thixotropic properties (Fig. 13). 
With further cooling, the values of 
the rheological parameters of the 
system increased, and the hydrophil-
ic base became solid.

At 45 °C, the dynamic viscos-
ity of the mixed solvent PG – M400 
(6:4) was 19.4 mPa∙s, and it was 
22.2 times lower than the dynamic 

Fig. 12. Kinetics of change in chamber mass with 
hydrophilic suppository bases No. 1 (1) and No. 2 (2)

Fig. 13. Rheograms of the base No. 2 at temperature:  
1 – 50 °C, 2 – 45 °C, 3 – 41 °C, 4 – 39 °C, 5 – 37 °C

Fig. 14. EPR spectra of probe 1: a – in the mixed solvent PG – М400 (6:4);  
b – in the hydrophilic base No. 2 at temperature: 1 – 20 °C, 2 – 25 °C, 3 – 45 °C

а b

Fig. 15. EPR spectra of probe 2: a – in the mixed solvent 
PG – М400 (6 : 4); b – in the hydrophilic base No. 2 at 

temperature: 1 – 20 °C, 2 – 25 °C, 3 – 45 °C

а 

b
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viscosity of the melted base (Table 8). At the same time, 
the spin probes No. 1 and No. 2 dissolved in the mixed 
solvent and in the hydrophilic base had the EPR spectra 
with the same shape (Fig. 14, 15), almost identical rota-
tional correlation times (τ−1, τ±1), anisotropy parameters 
(ε), and isotropic constants (AN) (Table 8). This indicates 
that the probe molecules were dissolved in the mixed 
solvent PG – M400 and that neither emulsifiers nor 
poloxamer 188 had any effect on the parameters of the 
EPR spectra of these probes.

Table 8
Parameters of EPR spectra of the spin probes in mixed 
solvent PG – М400 and in suppository base No. 2, as 

well as dynamic viscosity (η) of liquid systems at 
different temperatures (t)

Object t, 
°C Probe AN, 

mT
τ–1, 
ns

τ±1, 
ns ε η, 

mPa∙s

PG – М400 (6:4)
20

No. 1
1.68 0.92 2.62 –0.11 66.8

25 1.67 0.76 2.06 –0.13 50.4
45 1.63 0.24 0.66 –0.14 19.4

Base No. 2
20

No. 1
1.68 1.01 2.92 –0.10 Solid

25 1.67 0.84 2.28 –0.12 Solid
45 1.62 0.22 0.63 –0.16 431

PG – М400 (6:4)
20

No. 2
1.62 0.16 0.37 0.05 66.8

25 1.62 0.12 0.25 0.11 50.4
45 1.61 0.03 0.05 0.30 19.4

Base No. 2
20

No. 2
1.62 0.17 0.40 0.01 Solid

25 1.62 0.12 0.24 0.11 Solid
45 1.60 0.04 0.08 0.12 431

As the temperature decreased to 25 °C and then to 
20 °C, the rotational correlation times of (τ−1, τ±1) of the 
spin probes in the mixed solvent PG – M400 increased, 
indicating an increase in the microviscosity of the environ-
ment surrounding their molecules. The hydrophilic base 
No. 2 became a solid at these temperatures, but the param-
eters of the EPR spectra of the spin probes did not corre-
spond to their localisation in a solid but to their localisa-
tion in the mixed solvent PG – M400 (Fig. 14, 15). This 
means that, due to the high concentration of the mixed 
solvent, the dispersion medium of the solid suppository is 
a liquid in which the active substances can be dissolved.

When emulsifiers and poloxamer 188 were added 
to the non-aqueous solvent PG – M400, the shape and 
parameters of the EPR spectra of spin probe 1 based on 
palmitic acid remained almost unchanged (Fig. 14). That 
is, according to the EPR spectra of spin probe 1, it can be 
concluded that neither associates of poloxamer 188 nor 
mixed aggregates of M20CE and CSA molecules were 
formed in a non-aqueous hydrophilic environment. These 
substances crystallised in the hydrophilic mixed solvent 
upon cooling and did not affect the EPR spectra of spin 
probe 1 (Fig. 14).

5. Discussion of research results
According to the data of scientific literature, sup-

positories with water-soluble PEO bases provide a rapid 
and complete release of active substances [15, 16]. How-

ever, high-molecular-weight polyethene oxides (macro-
gols) are commonly used as foaming agents in PEO bases, 
which have a strong dehydrating effect on the mucous 
membranes causing certain side effects. A very limited 
amount of solvents can be added to PEO bases, in partic-
ular, macrogol 400 and water. These factors limit the use 
of PEO-based suppositories.

The studied multicomponent hydrophilic bases ad-
ditionally contain poloxamers, o/w and w/o emulsifiers, 
hard fat, and hydrophilic non-aqueous solvents (PG 
and M400) in relatively high concentrations (Tables 1–4, 6). 
Moreover, in contrast to PEO bases, these multicomponent 
bases can contain up to 4.0 % water (Table 5, Fig. 6), which 
expands the possibilities for the incorporation of water-sol-
uble active substances into these suppository bases.

The properties of the developed hydrophilic bases 
can be controlled by changing various pharmaceutical 
factors. In particular, the resistance of suppositories to 
rupture and the time of their disintegration depended on 
such factors as the ratio between the content of the mixed 
non-aqueous solvent and the total content of highmolecu-
larweight macrogols (Fig. 1), the mass ratio of o/w and w/o 
emulsifiers and their total content (Fig. 2, 3), the grade and 
content of poloxamers (Fig. 6, 7) as well as the content of 
hard fat (Fig. 4). When emulsifiers were used together with 
hard fat, the microstructure of suppository bases changed 
and became more homogeneous (Fig. 5). Bases with an 
emulsifier content of more than 1.5 % may be promising 
for the development of prolonged-release suppository for-
mulations due to their long disintegration time (Fig. 3, b).

The factors contributing to a significant decrease 
in the mass of water absorbed by multicomponent bases 
compared to PEO bases are as follows:

– partial or complete substitution of high-molecu-
lar-weight macrogols with poloxamer 188 (Fig. 9, 12), 

– an increase in the content of hydrophilic 
non-aqueous solvents and a decrease in the content of 
high-molecular-weight macrogols (Fig. 9, a), 

– an increase in the content of poloxamer 188 
(Fig. 9, b), 

– an increase in the total content of emulsifiers and 
an increase in the CSA fraction in the mixture of emulsi-
fiers (Fig. 10).

Reducing the mass of absorbed water and the pos-
sibility of introducing a sufficiently large amount of 
low-molecular-weight solvents PG and M400 released 
from the bases (Fig. 11, Table 7) should eliminate the side 
effects [21, 23] associated with PEO bases due to their 
dehydrating effect on the mucous membranes. It is im-
portant to note the difference in water absorption when 
using different forming agents. While an increase in the 
content of high-molecular-weight macrogols promoted 
intensive water absorption (Fig. 9, a), then an increase in 
the content of the more hydrophobic poloxamer 188 led 
to a decrease in the mass of absorbed water (Fig. 9, b).

It should be noted that the addition of 1.5 % emulsi-
fiers (M20CE and CSA in a mass ratio of 3:7) to the hydro-
philic suppository base resulted in a significant decrease in 
the release parameters of PG and M400 (Fig. 11, Table 7).
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Using the spin probe method, it was shown that 
hydrophilic non-aqueous solvents were the dispersion me-
dium in the developed multicomponent suppository bases 
(Fig. 14, 15, Table 8), which could contribute to increasing 
the therapeutic efficacy of medicinal products in the form 
of suppositories. It was shown that in a non-aqueous hy-
drophilic medium, there was no formation of poloxamer 
188 associates as well as mixed aggregates from molecules 
of emulsifiers (M20CE and CSA) (Fig. 14, Table 8). These 
substances crystallised in the hydrophilic mixed solvent 
upon cooling and had some influence on the properties of 
the suppository bases.

According to the research results, by varying the 
composition of the excipients, it is possible to control the 
properties of multicomponent hydrophilic suppository 
bases, which have advantages over PEO bases.

Study limitations. This article presents the re-
sults of studies of suppository bases without considering 
the possible influence of active substances on the charac-
teristics studied.

Prospects for further research. In the future, the 
release of hydrophilic and lipophilic drugs from the de-

veloped suppository bases should be studied depending 
on various pharmaceutical factors.

6. Conclusions
By varying the composition of excipients, the 

properties of hydrophilic suppository bases can be con-
trolled, significantly reducing their osmotic properties. 
The active substances in these bases may be in a dis-
solved state due to the high content of non-aqueous 
solvents.
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