Original article

Innov Biosyst Bioeng, 2024, vol. 8, no. 4, 23-38
doi: 10.20535/ibb.2024.8.4.317124

DESIGN AND DEVELOPMENT OF NOVEL HERBAL SUPPOSITORY
FORMULATION FOR PROSTATITIS TREATMENT

0. Golembiovskal*, 0. Dmytrenkol’z, A. Galkin®

1Igor Sikorsky Kyiv Polytechnic Institute, Kyiv, Ukraine
2UA “PRO-PHARMA”, LLC, Kyiv, Ukraine

*Corresponding author: golembiovska-fomi@Ill.kpi.ua

Received 15 June 2024; Accepted 20 September 2024

Background. Prostatitis is a common inflammatory condition of the prostate gland, often treated with anti-
biotics and anti-inflammatory drugs, which may have limited efficacy and side effects. Herbal therapies offer
a promising alternative due to their natural anti-inflammatory properties.

Objective. This study aims to design, develop, and evaluate physicochemical, biopharmaceutical and micro-
biological properties of novel herbal suppository formulations for the treatment of prostatitis, optimizing their
biopharmaceutical profiles.

Methods. Excipients were selected to form suppositories with herbal ingredients known for their anti-
inflammatory effects, specifically lovage, saw palmetto, and calendula CO, extracts. The formulations were
assessed based on key quality parameters, including organoleptic characteristics, average mass, melting point,
deformation time, disintegration time, microbiological purity, and pH, ensuring compliance with European
Pharmacopoeia (Ph. Eur.) standards. Biopharmaceutical studies compared the release profiles of active com-
pounds from different suppository bases.

Results. Suppositories based on Witepsol® HI15 exhibited satisfactory organoleptic properties, appropriate
melting points, and acceptable deformation and disintegration times. The pH levels were within the required
range, and microbiological tests confirmed purity. Biopharmaceutical evaluations showed that Witepsol®
H15 suppositories had the most appropriate release rates of active compounds compared to those made with
other bases.

Conclusions. The novel herbal suppositories developed in this study show promise for managing prostatitis
based on preliminary evaluations of their physicochemical, microbiological, and biopharmaceutical proper-

ties. Further clinical studies are required to confirm their efficacy and safety.
Keywords: prostatitis; herbal suppositories; Witepsol® H15; anti-inflammatory activity; therapeutic formulations.

Introduction

Prostatitis is a prevalent and often debilitating
condition characterized by inflammation of the pro-
state gland [1]. It affects men of all ages but is par-
ticularly common in those aged 30—50 years [2].
Prostatitis manifests in various forms, including
acute bacterial prostatitis, chronic bacterial prostati-
tis, chronic prostatitis/chronic pelvic pain syndrome,
and asymptomatic inflammatory prostatitis [3, 4].
Symptoms range from urinary difficulties and pel-
vic pain to sexual dysfunction, significantly impact-
ing the quality of life. Despite its prevalence, pros-
tatitis remains a challenging condition to treat ef-
fectively, with current therapies often providing in-
complete relief and being associated with undesira-
ble side effects [5].

Traditional treatment methods for prostatitis
include antibiotics, alpha-blockers, and anti-inflam-
matory agents [6, 7]. Antibiotics are typically pre-
scribed for bacterial forms of prostatitis, though their
effectiveness is often limited in chronic cases [3].

Alpha-blockers help relax muscle fibers in the pro-
state and bladder neck, easing urinary symptoms
and can be prescribed in combination with antibio-
tics [8]. Non-steroidal anti-inflammatory drugs are
used to manage pain and inflammation [9, 10].
However, these treatments frequently fall short in
terms of efficacy, and long-term use can lead to
adverse effects such as gastrointestinal issues, anti-
biotic resistance, and cardiovascular risks.

Given the limitations of conventional treat-
ments, there has been a growing interest in alterna-
tive and complementary therapies, particularly those
involving herbal ingredients. Herbal medicine of-
fers a promising avenue due to its potential to pro-
vide symptomatic relief with fewer side effects.
Several herbal ingredients, such as Serenoa repens
(saw palmetto) [11—15] and Calendula officinalis
(common marigold or calendula) [5, 16, 17] have
demonstrated anti-inflammatory, analgesic, and anti-
oxidative properties, making them suitable candi-
dates for managing prostatitis. Levisticum officinale
(lovage) showed promising results for treatment of
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inflammatory diseases of the prostate, in particular
prostatitis [18]. Lovage extracts demonstrated anti-
bacterial, flushing, anti-inflammatory and spasmo-
Iytic action on the urinary bladder [19—22], there-
fore can also be included in a complex treatment
of prostatitis.

The development of a new rectal suppository
formulation incorporating these herbal ingredients
is justified by the need to enhance therapeutic effi-
cacy and improve patient convenience. Rectal sup-
positories offer several advantages over oral admin-
istration, including direct delivery to the prostate
region, bypassing the gastrointestinal tract, and re-
ducing systemic side effects. Additionally, this route
of administration can enhance the bioavailability of
active compounds, ensuring more effective relief
from symptoms.

The importance of developing new formula-
tions lies in addressing the unmet needs of prosta-
titis patients. Improved formulations can lead to
better adherence to treatment, reduced incidence
of side effects, and overall enhanced quality of life.
By exploring novel delivery systems and integrating
scientifically validated herbal ingredients, it is pos-
sible to create more effective and patient-friendly
therapeutic options for prostatitis. The current study
is a continuation of our previous work [23—25]
aimed at improving methods of treatment and di-
agnosis of prostatitis.

This scientific article aims to discuss the ra-
tionale behind the selection of specific herbal in-
gredients for a rectal suppository, explore the bene-
fits of this delivery method, and highlight the po-
tential improvements in therapeutic outcomes and
patient satisfaction.

Materials and Methods

Reagents and raw materials

Saw palmetto fruits CO, extract used for the
novel herbal suppository formulation product deve-
lopment was purchased from EUROMED (Spain).
Lovage roots CO, extract and Calendula flowers
CO, extract used for the suppository formulation
product development was purchased from FLAVEX
Naturextrakte GmbH (Germany). Witepsol® HI15
was purchased from IOI Oleo GmbH (Germany),
and Suppocire AML from Gattefosse (France),
Polyethylene glycol (PEG) 1000, and 6000 from
Merk (USA), Polyethylene glycol 4000 (Pluracare®
E 4000 Flakes) from BASF (Germany), cocoa but-
ter from Cargill (Netherland). Potassium dihydro-
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gen phosphate, sodium chloride, disodium hydrogen
phosphate was acquired from Sigma-Aldrich (USA).

Preparations

Herbal suppository formulation product, 2 g re-
ctal suppositories containing 150 mg of Saw palmet-
to fruits CO, extract, 50 mg of Lovage radix CO,
extract and 50 mg of Common marigold flowers CO,
extract were manufactured using standard processes
of an active pharmaceutical ingredient (API) ho-
mogenization with different fatty and hydrophilic
melted suppository bass, followed by suppository
formation and packaging.

The selected fatty bases were cocoa butter
(Formulation 1 (F1)), Suppocire AML (F2) and
Witepsol H15 (F3). Hydrophilic bases composed of
polyethylene glycol (PEG) 1000 (F4) and its mix-
tures such as PEG 1000/PEG 4000 (3:1) (F5), and
PEG 1000/PEG 6000 (3:1) (F6) were prepared.
All suppositories were kept in the refrigerator and
were stored in a desiccator at room temperature for
24 h before use.

Methods of analysis

Visual characterization (appearance): Twenty
suppositories from each batch were randomly se-
lected, longitudinally cut and examined through
naked eyes for the assessment of physical charac-
ters like absence of fissuring, pitting, fat blooming,
exudation and migration of active ingredients.

Length and width: Twenty suppositories were
selected randomly from each batch; their length
and width were measured using vernier calipers.

Uniformity of mass of single-dose preparations
(Ph. Eur., 2.9.5) [26]: Twenty suppositories taken at
random were weighed individually on electronic ba-
lance and average weight was calculated. Not more
than 2 of the individual masses deviate from the
average mass by more than the percentage devia-
tion 5% and none deviates by more than twice that
percentage (10%).

Hardness: A hardness test was performed for
three suppositories using a tablet hardness tester
YD-1 2—30 mm at 25 °C. The weight required to
break the suppository was taken as a measure of its
hardness.

Melting point: Macro melting range test was
performed with the whole suppository. Suppository
from each formulation was placed in a test tube
with phosphate buffer pH 7.2 maintained at con-
stant temperature 37 £ 0.5 °C. The time required by
the whole suppository to melt or disperse in the
media was noted.
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Softening time determination of lipophilic sup-
positories (Ph. Eur., 2.9.22): The test is intended
to determine, under defined conditions, the time
which elapses until a suppository maintained in
water softens to the extent that it no longer offers
resistance when a defined weight is applied. Appa-
ratus type A designed and constructed by engineers
on the biomedical engineering faculty of Igor Si-
korsky Kyiv Polytechnic Institute was used for this
measurement.

The test was achieved by the method de-
scribed below. The glass tube containing 10 ml of
water was placed in a water-bath and equilibrated
at 36.5 £ 0.5 °C. This glass tube was fixed vertically
and immersed to a depth of at least 7 cm below the
surface but without touching the bottom of the wa-
ter-bath. A suppository was introduced into the
tube followed by the rod with the free gliding plas-
tic covered into the glass tube until the metal
needle touched the flat end of the suppository. The
cover was put on the tube (beginning of time mea-
surement). The time which elapses until the rod
sinks down to the bottom of the glass tube was
noted and the mark ring reaches the upper level of
the plastic cover.

Disintegration test for solid rectal and vaginal
dosage forms (Ph. Eur., 2.9.2): The disintegration
time of the suppositories was performed by using
disintegration test apparatus ERWEKA ST 3. Phos-
phate buffer pH 7.2 maintained at 37 + 0.5 °C was
used for this testing. The test was performed using
three suppositories, placed each one on the lower
disc of a device. Disintegration was considered to
be achieved when dissolution was complete, the
components of the suppository or pessary had se-
parated, no residue remained on the perforated disc.
The time taken for the disintegration of entire sup-
pository was recorded.

Assay: Product content was determined spec-
trophotometrically. One suppository in 200 ml of
phosphate buffer pH 7.2 maintained at 37 +0.5 °C
till it melted. 1 ml sample was withdrawn and di-
luted to 100 ml with phosphate buffer pH 7.2 and
then lipophilic matters was extracted with hexane.
The content of chlorophylls and carotenoids in he-
xane extracts was determined by using UV-Visible
spectrophotometer by measuring absorbance of the
diluted sample according the method of Lichten-
thaler & Buschmann [27] using UV-Vis spectropho-
tometer Shimadzu-1280 (Japan). The absorbance of
solutions was recorded at 450 nm for carotenoids,
and 663 and 645 nm (chlorophylls a and b, respec-
tively). The quantity of the active substance dis-
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solved in a specified time was expressed as a per-
centage of the content stated on the label.

Study of the efficacy of antimicrobial preserva-
tion (Ph. Eur., 5.1.3) and Microbiological quality of
non-sterile pharmaceutical preparations and substan-
ces for pharmaceutical use (Ph. Eur., 5.1.4). To pre-
vent microbial contamination during storage, her-
bal suppository formulation product, in accordance
with the requirements of Ph. Fur., must have an
effective preservative effect. Microbial purity of her-
bal suppository formulation product was provided
by the preservative action of the active ingredients
and appropriate production conditions.

To determine the effectiveness of the preser-
vative action used the following test strains of mi-
croorganisms: Staphylococcus aureus (ATCC 6538);
Pseudomonas aeruginosa (ATCC 9027); Candida
albicans (ATCC 885/653); Aspergillus brasiliensis
(ATCC 16404); Escherichia coli (ATCC 8739);
Salmonella enterica subsp. (ATCC 14028).

The culture of microorganisms was cultured at
35 °C for 18—24 hours on nutrient medium No. 1.
C. albicans — from 20 to 25 °C for 48 hours on
medium No. 2 (Ph. Eur., 2.6.13. Microbiological
examination of non-sterile products: test for spe-
cified micro-organisms). Working suspensions of
monocultures of test microorganisms in sterile
0.9% sodium chloride solution were prepared.

Samples of herbal suppositories were conta-
minated with a monoculture of one of the test mi-
croorganisms, providing a microbial load of 107 co-
lony-forming units (CFU) per ml. To obtain a uni-
form distribution of microorganisms, the contami-
nated samples were thoroughly mixed. The samples
were stored for 28 days at a temperature of from 20
to 25 °C, protecting from light.

Samples were taken from each test sample
immediately after contamination and after 2, 7, 14
and 28 days and inoculated on an appropriate nu-
trient medium to determine the number of viable
cells of microorganisms (bacteria and fungi).

The criterion for evaluating the effectiveness
of the preservative action was to reduce the num-
ber of viable cells of microorganisms in the drug
for a certain period of time after its contamination.

Dissolution test for lipophilic solid dosage forms
(Ph. Eur., 2.9.42): The study was carried out using
a flow-through cell specifically intended for lipo-
philic solid dosage forms such as suppositories and
soft capsules designed and created by engineers on
the biomedical engineering faculty Igor Sikorsky
Kyiv Polytechnic Institute. Dissolution medium was
phosphate buffer, pH 7.2. Temperature of medium:
37 £0.5 °C. Carotenoids was extracted from disso-
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lution media with hexane liquid-liquid extraction
method. Collected samples at the outlet of the cell
was filtered using an inert filter. The release rate of
carotenoids was determined using UV-Vis spect-
rophotometer Shimadzu-1280 according validated
in-house method. Absorbance of these solutions
was recorded at 450 nm and the percentage con-
tent (mg%) of carotenoids, expressed as p-carotene,
using the following expression was calculated:

X(mg%) = (Axbx2500)/(2773xm),

i.e., taking the specific absorbance of B-carotene to
be 2773. A is absorbance of the test solution at
450 nm; b is average weight of suppositories, in
grams, and m is weight of 1 suppository, in grams.

The quantity of the active substance dissolved
in a specified time was expressed as a percentage of
the content stated on the label.

Statistical methods. For each measurement, as
well as their associated controls, the means and
standard deviations of three replicates were determi-
ned. MS Excel (Microsoft, USA) and Statistica 9.0
(StatSoft Inc., USA) were used for quantitative
statistics, and all data are represented as the mean
+ standard deviation (SD). Student's #-test and
ANOVA were used to analyze the differences bet-
ween two or more groups, respectively, and p<0.05
was considered to indicate a statistical difference.

Results

Pharmaceutical development for the herbal
formulation, rectal suppositories, was carried out
on the basis of own materials of search and expe-
rimental studies. The purpose of the development
of this product was determined, which consisted in
the selection of the optimal composition and tech-
nology, in the preservation of the pharmacothera-
peutic properties of the product, followed by the
formation of quality parameters and the production
process. The correct selection of these parameters
ensured the reproducibility of obtaining the herbal
suppository formulation product, corresponding to
all quality indicators in accordance with quality
control methods, as well as the stability of the fi-
nished product in the form of rectal suppositories.

The development of the product was carried
out using the raw materials of two manufacturers:
EUROMED (Spain) and FLAVEX Naturextrakte
GmbH (Germany).

At the previous stages of research [23, 24], we
justified the design (qualitative and quantitative
composition of active ingredients) of Saw palmetto
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fruits, Lovage radix and Common marigold (calen-
dula) flowers CO, extracts.

Formulation design and optimization

Selection of excipients. The composition of the
excipients was selected taking into account the
compliance of the main indicators of the quality of
suppositories (disintegration, dissolution, uniformi-
ty of dosage) and the possibility of using the tech-
nological equipment for the technological process
of obtaining suppositories.

The excipients incorporated into the formu-
lated product are selected based on stringent crite-
ria to ensure compatibility, safety, and efficacy.
These criteria include: non-Interaction with Active
Substances, ensuring that the specific pharmaco-
logical activity of the APIs is not compromised.
Excipients should not interact with each other, the
materials of the primary packaging, or the technolo-
gical equipment used in the manufacturing process.
This prevents any adverse effects on the product's
stability and efficacy. The selected excipients must
be non-toxic, ensuring the overall safety of the
product for human use. The physicochemical and
technological characteristics of the excipients should
be such that they provide the desired therapeutic
effect with the minimal required quantity. Exci-
pients must meet stringent chemical and microbio-
logical purity standards. They should also comply
with the specified physicochemical indicators out-
lined in the quality control methods for pharma-
ceutical formulations. Excipients must be stable
under storage conditions, ensuring the product
shelf life and efficacy over time.

The choice of a specific base depends on the
physicochemical properties of the lipophilic CO, ex-
tracts, such as solubility, stability, and interaction
with the base. Typically, hydrogenated vegetable oils
and emulsifying bases are the best choices due to
their high lipophilicity and stability. But to select
an appropriate excipients solid fat, emulsifying bases
and synthetic or semi-synthetic bases was studied.
Hydrogenated vegetable oil such as cocoa butter,
that has good lipophilic properties, high stability,
and a melting point close to body temperature was
chosen. As emulsifying bases Witepsol® and Sup-
pocire®, hydrogenated glycerides with good lipo-
philic compatibility, was chosen.

Although more commonly used with hydro-
philic substances, some PEGs can be compatible
with lipophilic extracts, but this requires further in-
vestigation. Therefore, PEGs with high MW were
also added to this study.
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The effect of suppository bases on the release
of the herbal extracts was studied using these sup-
pository bases using the same production process
(Table 1).

In pharmaceutical technology, tweed fat is
used primarily as a carrier in rectal and vaginal
drugs for local or systemic use. The choice of type
and brand of base depends on many factors, the
main of which are the physicochemical properties
of the active substances, as well as the purpose and
features of the use of drugs. Thus, bases with high
melting point values are used for the manufacture
of suppositories in countries with hot climates and
for the introduction of fat-soluble substances that
reduce the melting point of the base. Bases with
low melting point values are used to incorporate
insoluble active substances prescribed in large quan-
tities. In this case, sedimentation is likely.

Bases with a low hydroxyl value are used for
the manufacture of suppositories containing reac-
tive active substances that can react with each oth-
er or with the base during the process and storage.
Bases with a low value of the hydroxyl number, in
contrast to others, are less malleable, and with rap-
id cooling can become excessively brittle. In addi-
tion to reactivity, the value of hydroxyl balance af-
fects the hydrophilic properties of the system and,
in turn, can change the rate of release of the active
substance from the base and its adsorption in the
body. The hydroxyl value also characterizes the re-
sistance of the base to oxidation and, accordingly,
to rancidity.

Particular attention must be given to three fac-
tors when preparing suppositories with cocoa butter
base. Cocoa butter must not be heated above 35 °C
because it is a polymorphic compound. Four major
polymorphic forms (in order of increasing stability)

27

are: vy (16—18 °C), a (21—24 °C), Bl (27—29 °C),
B (34—35°C) and B2 (36—37 °C). An overheat will
convert this excipient to a metastable structure that
melts in the 25 to 30 °C range. Thus, the finished
suppositories would melt at room temperature and
not be usable.

Compositions of PEG 1000:PEG 4000 (3:1)
and PEG 1000:PEG 6000 (3:1) are also investiga-
ted to understand the influence of high MW PEG
with melting range about 58°C and lower hydroxyl
values (25—32 mg KOH/g for PEG 4000 and 15—
22 mg KOH/g for PEG 6000).

Processing techniques for suppository prepara-
tion. The technology of herbal suppositories was se-
lected taking into account local or systemic action,
route of administration and physicochemical pro-
perties of API and excipients, their prescribed weight,
method of preparation and the dispersed system to
be formed.

The technology of suppositories was developed
taking into account the physicochemical properties
of active and auxiliary substances, their weight and
existing technological equipment.

Molding (fusion) method was chosen as sim-
ple and fast process to obtain standardized supposi-
tories. Molding involves first melting the suppository
base, and then dispersing or dissolving the CO, ex-
tracts in the melted base. The mixture is removed
from the heat and poured into a suppository mold.
When the mixture has congealed, the suppositories
are removed from the mold. The fusion method
can be used with all types of suppositories.

As excipient available for this process different
suppository bases are used. A suitable test was car-
ried out to demonstrate the appropriate release of
the active substances from suppositories intended
for modified release or for prolonged local action.

Table 1: Overview of suppository bases and their impact on the release of herbal extracts using a standardized production process

. .. .. . Product Melting Hydroxyl value
Formulation  Excipient composition Properties form range (°C) (mg KOH/2)
F1 Cocoa Butter Hard fat Pellets 31-35 1.72
F2 Suppocire® AML Hard fat “.lnh additive Pellets 34-38 <10

(lecithin)
F3 Witepsol® H15 Hard fat Pellets 33.5-35.5 5—15
F4 P"lyethf(l)eo%e glycol Hydrophilic base Waxy solid 3340 107-118
F5 PEG 10(2(3)553)EG 4000 Hydrophilic base Waxy solid - -
F6 PEG 10(2(;%]3 G 6000 Hydrophilic base Waxy solid - —

Note. "—" — no available data.
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Refined suppository technology consists of the
following stages:

« production preparation: sanitary prepara-
tion, preparation for work, preparation of raw ma-
terials;

« production: weighing of raw materials;

« heating of active ingredients: extracts are
heated up in the heating chamber at temperature
(42.0 £ 2.0) °C to facilitate its mixing with supposi-
tory base. Control of critical step is temperature.

« preparation of suppository mass: melting
of suppository base at temperatures (min 45.0,
max 60.0) °C. In the course of the process, control
of critical steps is temperature, uniformity of the
melt (visually).

« introduction of active ingredients and mix-
ing the two phases until homogeneous. Product
temperature when the active substances are added
should be (42.0 = 2.0) °C. Homogenization is car-
ried out under vacuum at (42.0 £ 2.0) °C and at least
40 min (max 90 min) at 600—1000 U/min in pre-
paration vessel Glatt (Germany) or Unimix (India).
The uniformity of homogenization is controlled vi-
sually (homogeneous yellow-green suspension, free
of macroscopically visible particles);

« formation (production of suppositories).
Filling processes passes in the FarmoRes machine
(Italy). Product temperature of the finished sus-
pension (filling temperature) and temperature of
dosing pump should be (33.0 +2.0) °C. Mold time
speed is 55—57 ms and temperature of the cooling
unit per tunnel is (15.0 + 2.0) °C. Sealing passes
at (120.0 £ 2.0) °C,;

o packaging is provided in hard PVS film
laminated with low-density PE (packaging of fini-
shed products, packaging in group packaging) with
packaging machine Kartonetta (Germany). Cases
containing each 10 suppositories are labelled with
self-adhesive labels indicating batch number, code
of drug product and shelf life and packed into car-
ton boxes along with instruction; control of fini-
shed product, sampling, quarantine storage, per-
mission for sale.

Almost all processes of suppository forming
and filling passes in the FarmoRes machine.

As a result, herbal suppository formulation is
solid, single-dose preparation. The shape, volume
and consistency of suppositories are suitable for
rectal administration. Herbal suppository formula-
tion product contains three active substances dis-
solved in a suitable basis that melt at body tempe-
rature.
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Physicochemical and microbiological characte-
rization

As there are no special requirements for mod-
ified release or for prolonged local action. So, this
test is excluded from the specification for the final
product. The summary of the physicochemical
characterization of the herbal suppository formula-
tion is described in Table 2.

All suppositories exhibited acceptable weights,
content uniformity, and disintegration time.

In the manufacture of suppositories contain-
ing dispersed active substances, measures are taken
to ensure a suitable and controlled particle size.
But supercritical extracts of raw material are lipo-
philic and mixed well with Witepsol® H15 and
other fatty bases. Therefore, test for particle size is
excluded from specification for final product.

Studies have shown that carotenoids have three
absorption maxima by which they can be distin-
guished, but their determination by spectrophoto-
metry is complicated by the fact that in the region
220—280 nm the spectrum of these substances co-
incides with the absorption maximum of tocophe-
rols. Directly for carotenoids, the maximum absorp-
tion is observed at 425, 450 and 480 nm. Chloro-
phylls have absorption maxima at 663 and 645 nm
(chlorophylls a and b, respectively). The absorbance
values at 663 and 645 nm provided clear indicators
of the release rates for chlorophylls a and b, res-
pectively. Higher absorbance values corresponded
to higher concentrations of the dissolved active
substances, indicating more efficient release from
the suppository base.

The content of chlorophylls @ and 5 and the
sum of carotenoids were calculated and release pro-
files was calculated.

The in vitro dissolution study of 12 individual
suppositories of each formulation containing herbal
extracts was conducted to evaluate the impact of
different suppository bases on the release rate of
carotenoids of calendula, proposed as characteristic
marker for this assay. Using the Ph. Fur., 2.9.42,
dissolution test for lipophilic solid dosage forms,
the study employed a flow-through cell specifically
designed for such forms, as developed by the bio-
medical engineering faculty of Igor Sikorsky Kyiv
Polytechnic Institute. This setup ensured that the
dissolution conditions closely mimicked physiolog-
ical environments, providing reliable and reproduc-
ible data. Phosphate buffer with a pH of 7.2 was
chosen to simulate the neutral pH conditions typi-
cally found in the rectal environment. The medium
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Table 2: Summary of physicochemical characterization of the herbal suppository formulation; Mean £ SD (%) (p < 0.05)

Physicochemical

. F1 F2 F3 F4 F5 F6
properties
Yellow un- Yellow un- Yellow un-
Appearance Yellow-green Yellow-green Yellow-green  even color, even color, even color,
pp uniform color uniform color uniform color  dark green dark green dark green
inclusions inclusions inclusions
Shape Torpedo Torpedo Torpedo Torpedo Torpedo Torpedo
Fissuring No No No No No No
Length (cm) 3.00 = 0.01 3.00 £ 0.01 3.0 £ 0.01 2.9 +£0.04 3.00 £ 0.01 3.00 + 0.01
Width (cm) 1.30 £ 0.05 1.30 £ 0.02 1.3 +0.01 1.3 +0.01 1.30 £ 0.03 1.30 £ 0.01
Weight variation (g)  2.01 £ 0.02 2.004 £ 0.57 1.998 £0.11  2.001 £0.14 1.978 +£0.59 2.054 +1.22
Hardness (kg/cm?) 3,641 £+ 046 2.034+0.12 2311 +£0.18 2.045+0.17 3.283+0.34 4.128 £0.10
Melting time at
37.5°C (min) 3+£26 15+0.4 32+0.2 25+ 1.6 27 £ 2.7 39+33
Softening time at
36.5 °C (min) 6.5+0.5 8+ 1.7 6+0.2 5+0.01 10+ 1.3 12+0.9
Disintegration time 5 5, g 6+1.3 15403 21 +0.01 26+ 2.8 29 + 3.7
(min)
Chlorophylls a
content (% per 0.15+0.45 0.19 £ 0.76 0.21 +1.12 0.10 + 0.57 0.15+1.13 0.12 + 0.53
suppository)
Chlorophylls b
content (% per 0.08 + 0.31 0.15+£0.91 0.13 + 1.77 0.04 + 1.89 0.06 +2.41 0.14 £ 0.74
suppository)
Carotenoids con-
tent (% per suppo-  0.001 + 1.22  0.001 £+2.16  0.001 +2.54 0.001 +£1.99 0.001 +2.44 0.001 + 2.11

sitory)

was maintained at 37 0.5 °C, replicating the hu-
man body temperature to ensure physiological re-
levance.

Collected samples at the outlet of the cell
were filtered using an inert filter to remove any
undissolved particles or impurities, ensuring that
only the dissolved active substances were measured.
UV-Vis spectrophotometry method allowed for pre-
cise and accurate quantification of the active sub-
stances such as release rates of carotenoids (Fig. 1).

The results indicated that the choice of sup-
pository base significantly influenced the dissolu-
tion rate of the active herbal extracts. Each base's
physicochemical properties, such as hydrophilicity,
melting point, and compatibility with the herbal
extract, played a crucial role in modulating the re-
lease profile (Figs. 2—7 and Table 3).

The absorbance values at 450 + 2 nm provided
clear indicators of the release rates for carotenoids.
Higher absorbance values corresponded to higher
concentrations of the dissolved active substances,
indicating more efficient release from the supposi-
tory base. The relative standard deviation of the

mean value for each release time point was less
than 20% at the first control point and no more
than 10% from the second to the last control
point. None of the trials fell within the data bias.
However, for some sampling points, the relative
standard deviation approached the critical value.
Even with the same formulation, slight differences
in the distribution of active ingredients and exci-
pients can occur, leading to variations in release
profiles. Also, small variations in sampling and
analysis can lead to differences in the curves, espe-
cially if the process is not perfectly standardized.
Samples were taken manually from the dissolution
tanks, so this could lead to deviations in the mea-
surements.

To determine the order of carotenoid release
kinetics from suppositories, linear dependences were
constructed for the zero-order, first-order, Higuchi,
Korsmeyer-Peppas, and Hickson-Crowell models.
The model with the highest R? is considered the
most appropriate for describing the kinetics of the
release of carotenoids from this formulation of the
suppository base.
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Figure 1: UV-Vis spectral characteristics of herbal suppository with Whitepsol® H15 as suppository base and B-carotene standard
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Figure 2: Dissolution profiles for herbal suppository formulation with cocoa butter (F1) as suppository base

90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

—&— Suppository Nel
—i— Suppository Ne2

Suppository Ne3
—>— Suppository Ne4
—¥— Suppository Ne5
—@— Suppository Ne6
—+— Suppository Ne7

Suppository Ne8

Suppository Ne9

—&— Suppository Nel0
Suppository Nell
Suppository Nel2

10

20

30 40 50

Time, min

Figure 3: Dissolution profiles for herbal suppository formulation with Suppocire® AML (F2) as suppository base
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Figure 4: Dissolution profiles for herbal suppository formulation with Whitepsol® H15 (F3) as suppository base
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Figure 6: Dissolution profiles for herbal suppository formulation with PEG 1000:PEG 4000 (3:1) (F5) as suppository base
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Figure 7: Dissolution profiles for herbal suppository formulation with PEG 1000:PEG 6000 (3:1) (F6) as suppository base

Table 3: Summary of results of studying the carotenoids release content from herbal suppository product with different suppository

bases and release kinetic modeling

Release kinetic models F1 F2 F3 F4 F5 F6
gzzogigilié’ ﬁn(g;f‘f;erﬁ]t‘;ise pereen-— 99 95 79.22 93.42 94.62 69.77 87.85
Zero-order model kinetics R? 0.6463 0.8716 0.9549 0.8407 0.9799 0.8955
First-order model kinetics R? 0.9862 0.9726 0.8128 0.9083 0.9261 0.9445
Higuchi model kinetics R? 0.8941 0.9761 0.7439 0.8708 0.8034 0.9314
Korsmeyer-Peppas model kinetics R? 0.9661 0.9521 0.5832 0.8141 0.6521 0.8722
Hickson-Crowell model kinetics R2 0.8962 0.9467 0.8705 0.8979 0.9485 0.9363

The study found that the release rates of caro-
tenoids varied with different suppository bases, re-
flecting the bases' ability to interact with and release
the herbal extracts into the dissolution medium.

As can be seen from Figs. 5—7, about 95% of
lipophilic components passed from suppositories
based on PEG 1000 (F4) in solution in 30 min,
except for its combination with other PEGs of var-
ious scales (F5 and F6), which are solid substances
and releases 40—50% of lipophilic components.
A significant discrepancy in the results for the F4
composition is possible due to the poor miscibility
of the lipophilic active substances and the hydro-
philic base.

From suppositories based on Witepsol® H15
(F3) and Suppocire® AML (F2) — about 60% in
30 min, but the release is more linear and long-
lasting.

Higuchi kinetics observed in suppositories
based on Suppocire® AML describe the release of
the active component from the matrix, where the
process is controlled by diffusion. This means that
the active component is distributed in the matrix
and is released as the liquid (for example, rectal

or vaginal fluids) penetrates into the suppository.
Suppocire® AML can be a good choice for active
ingredients that require controlled and slow release.
This is especially important for drugs that have a
long-lasting effect and must maintain a constant
level of the active ingredient at the site of action or
in the blood. However, suppositories based on
Suppocire® AML also gave a significant error in
the results (RSD 9.15% for values of 12 supposito-
ries at the sampling point of 15 min), so this basis
was rejected for further studies.

Witepsol-based suppositories are subject to ze-
ro-order kinetics. This may be due to the specifici-
ty of the release of the active component from the
base of the suppository, which is released at a con-
stant rate. The results of the experiment show that
the selected amount of lipophilic extracts in the
samples based on Witepsol® HI15 ensures a com-
plete and prolonged release of lipophilic com-
ponents, which allows maintaining its effective
concentration in the large intestine for a long
time. In addition, it was for this formulation
that the smallest deviations in values were obser-
ved (RSD 0.98—5.53%).
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Suppositories based on cocoa butter (F1) mel-
ted too quickly and, accordingly, released lipo-
philic substances completely but at an undesirable
rate. However, this basis is suitable for cases where
the release of the drug must be fast and concentra-
tion-dependent. This can be useful when a rapid
onset of action of the drug is required.

These findings underscore the importance of
selecting an appropriate suppository base for opti-
mizing the release of active herbal extracts. Formu-
lators must consider the physicochemical interac-
tions between the base and the extract to achieve
the desired therapeutic effect. Bases that demon-
strate controlled and higher release rates for the
active substances could be more effective in deliv-
ering the herbal extracts in vivo.

According to the Ph. Eur., 5.1.4. (Microbio-
logical quality of non-sterile pharmaceutical prepa-
rations and substances for pharmaceutical use) the
presence of certain micro-organisms in non-sterile
preparations may have the potential to reduce or
even inactivate the therapeutic activity of the pro-
duct and has a potential to adversely affect the
health of the patient. Microbial examination of
non-sterile products such as herbal suppository
formulation product under development is perfor-
med according to the methods given in general
chapters 2.6.12 and 2.6.13. Acceptance criteria for
non-sterile products based upon the total aerobic
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microbial count (TAMC) and the total combined
yeasts/moulds count (TYMC) are given in Table 4.

Acceptance criteria are based on individual
results or on the average of replicate counts when
replicate counts are performed (e.g. direct plating
methods).

The results of studying the effectiveness of an-
timicrobial preservative action of suppository prod-
uct are presented in Table 4.

Based on the research, it is possible to con-
clude that the effectiveness of antimicrobial preser-
vative action against bacteria and fungi of supposi-
tories with lipophilic compounds meet the requi-
rements of Ph. Eur. (criterion "A").

According to Ph. Eur. 11.0 rectal supposito-
ries with herbal drugs and herbal drug preparations
present in the dosage form are not subject to the
provisions of Uniformity of dosage units (2.9.40).

According to Ph. Eur. 11.0 test for Uniformity
of content of single-dose preparations (2.9.6) is not
necessary as herbal suppository formulation prod-
uct contains more than one active substance and
the content of active substances is more than 2 mg
and more than 2% of the total suppository mass.

Discussion

The development and evaluation of novel
herbal suppository formulations for the treatment

Table 4: Summary of results of studying the effectiveness of antimicrobial preservative action of herbal suppository product with

Witepsol® H15 as suppository base (CFU/g)

Types of microorganisms  Microbial Acceptance

Primary

for antimicrobial testing load criteria sowing Log 2days  7days l4days 28 days
TAMC 10° 103 - - - 8 25
TYMC 10° 10? - — — — 6
Staphylococcus aureus 5.5.10° Absence in 1 50.10° 3210 1.1.102 _ _
ATCC 6538 : g . . .
Pseudomonas aeruginosa 5 . s . , ) B
ATCC 9027 5.5:10 Absence in 1 g 5.0-10 4.8-10 2.3-10 6.2:10
Candida albicans s . S . X ) -
ATCC 885/653 3.5-10 Absence in 1 g 5.0-10 4.610*  5.010°  2.0-10
Aspergillus brasiliensis 5 . : . , B .
ATCC 16404 5.5:10 Absence in 1 g 5.0-10 7.5-10 1.7-10
Salmonella enterica s . ' \ , - .
ATCC 14028 5.5:10 Absence in 10 g 5.0-10 5.9:-10 1.1-10
Escherichia coli s . S X ) B B
ATCC 8739 5.5:10 Absence in 1 g 5.0-10 1.1-10 0.5-10

Note. "—" — studies were not conducted.
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of prostatitis present a promising alternative to tra-
ditional therapies, which often involve antibiotics
and anti-inflammatory drugs with limited efficacy
and undesirable side effects. This study focused on
designing suppositories using herbal extracts known
for their anti-inflammatory and therapeutic proper-
ties, aiming to optimize their formulation characte-
ristics and therapeutic potential.

The idea of using plant components for rectal
application in the inflammation diseases treatment
is not new. Traditional medicine of Asia countries
widely uses this approach [28—30].

The selection of herbal ingredients for herbal
suppository formulation product is based on exten-
sive documentation of their anti-inflammatory and
therapeutic effects on prostatitis. Drug product con-
tains three active ingredients — Saw palmetto fruits
CO, extract, Lovage radix CO, extract and Com-
mon marigold (calendula) flowers CO, extract. The
efficacy of these extracts is supported by both tra-
ditional use and contemporary scientific research,
providing a robust justification for their inclusion
in the formulation.

The active ingredients for herbal suppository
formulation product are derived through supercritical
fluid extraction using natural carbon dioxide (CO,).
This method ensures that the extracts are free from
solvent residues, inorganic salts, heavy metals, and
reproducible microorganisms. Supercritical CO, ex-
traction is highly effective at selectively removing
non-polar components with molecular weights less
than 2,000 daltons. These components include al-
dehydes, terpene compounds, ketones, fat-soluble
vitamins, esters, and alcohols, as well as high mo-
lecular weight saturated and unsaturated fatty ac-
ids. In contrast, proteins, starches, sugars, glyco-
sides, mineral salts, and water are insoluble in lig-
uid CO,, ensuring their exclusion from the final
extract. This purity and specificity of the extracts
underpin the therapeutic potential of herbal suppo-
sitories, particularly in the treatment of prostatitis.

Saw palmetto CO, extract is rich in essential
fatty acids (especially, oleic acid, lauric acid, and
caprylic acid), sterols, and fatty alcohols [31], known
for their anti-inflammatory and Sa-reductase en-
zyme inhibitory effects [32, 33] and is suitable for
inclusion in a rectal suppository formulation for
prostatitis treatment. The recommended dosage of
150 mg per suppository falls within the effective
therapeutic range [34], providing sufficient bioavai-
lability to reduce inflammation and promote uri-
nary health. Lovage CO, extract's composition in-
cludes cis-ligustilide, phthalides, falcarinol, and phy-
tosterols [35, 36] that ensures high anti-inflamma-
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tory, analgesic, antispasmodic, antioxidant, and di-
uretic properties, making it suitable for treating
lower urinary tract conditions in 50 mg dosage [22].

Incorporating of 50 mg calendula CO, extract
into suppository formulations for prostatitis treat-
ment leverages its rich bioactive profile [37], in-
cluding carotenoids, flavonoids, saponins, sterols,
phenolic acids, and lipids [38—41]. Calendula's an-
timicrobial properties, as described in [17, 42],
help manage infections that can worsen prostatitis,
primarily due to its faradiol esters [43], while its
antioxidants protect prostate tissue from oxidative
damage.

According the requirements for suppositories
and pessaries [44], to ensure their high efficiency
and safety, it is necessary to theoretically and ex-
perimentally substantiate all pharmaceutical factors
that affect the quality of the product: the nature of
API, physical properties of active and excipients,
quantity of suppository base (degree of dispersion,
polymorphism, solubility, viscosity and other struc-
tural and mechanical characteristics), technological
operations and equipment.

To allow for proper administration and drug
delivery, suppositories require careful consideration
of the following parameters: hardness, shape, drug
solubilization, and melting range. Those parame-
ters were achieved by usage of adequate excipients
and preparation method.

The herbal suppositories were assessed for
various quality parameters, including organoleptic
characteristics (color, surface, odor, consistency),
average mass, melting point, deformation time,
disintegration time, and pH. The results indicated
that the formulations with lipophilic bases exhi-
bited satisfactory organoleptic characteristics, with
consistent color, surface, odor, and consistency.
The melting points were appropriate, ensuring that
the suppositories would remain stable under nor-
mal storage conditions and melt at body tempe-
rature. Deformation and disintegration times were
within acceptable limits, indicating that the sup-
positories would effectively release the active com-
pounds upon administration. The pH levels were
also within the required range, ensuring compati-
bility with the rectal environment and minimizing
the risk of irritation.

Microbiological tests confirmed that the total
aerobic microbial count (TAMC) and total yeast
and mold count (TYMC) were within acceptable
limits, ensuring the microbiological purity of the
suppositories. This is crucial for patient safety, as it
minimizes the risk of introducing pathogens into
the body during treatment.
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To achieve the desired therapeutic effect, it is
important to take into account the pharmacokine-
tics of the active components. Active ingredients
with different solubility and stability properties may
be better released from certain bases. For example,
chronic conditions may require a sustained release
of the drug, making Witepsol® H15 a better cho-
ice. For acute conditions where a rapid onset of
action is required, bases that provide first-order ki-
netics, such as cocoa butter or PEG 1000, may be
preferable.

The addition of emulsifiers or stabilizers can
improve the release properties of the active ingre-
dient from the suppository base, as it was done by
Melnyk et al. in [45] by addition of emulsion wax
to cocoa butter for creation of vaginal suppositories
with hyaluronic acid and CO, extracts of aloe, ca-
lendula and green tea. Biopharmaceutical studies
revealed that herbal suppositories with only lipo-
philic CO, extracts formulated with Witepsol® H15
had the optimal release rates of active compounds
compared to those made with other fatty and hy-
drophilic bases, it melts under acceptable tempe-
rature conditions, do not have polymorphic forms
and mix well with active herbal ingredients. The
latter statements are also substantiated by other re-
searchers [46—48].

This finding underscores the importance of
selecting an appropriate base to optimize the deli-
very of active herbal ingredients. The enhanced re-
lease profile observed with Witepsol® H15 suggests
that it can improve the therapeutic outcomes of
the suppositories by ensuring a more efficient de-
livery of the herbal extracts to the site of inflam-
mation and could serve as a viable alternative to
conventional treatments, offering patients a natural
and efficacious option for managing prostatitis.

Further clinical studies are warranted to con-
firm these results and fully establish the therapeutic
potential of these formulations. Clinical trials will
help determine the efficacy and safety of the herbal
suppositories in a larger patient population and
under real-world conditions. Additionally, exploring
the long-term stability of the formulations and their
effects on various stages of prostatitis could provide
deeper insights into their therapeutic benefits.

In conclusion, the study's findings highlight
the potential of herbal suppositories formulated
with Witepsol® HI15 to offer a natural, effective,
and safe treatment option for prostatitis. This ap-
proach not only leverages the therapeutic proper-
ties of herbal extracts but also addresses the limita-
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tions of conventional therapies, potentially improv-
ing the quality of life for patients suffering from
this condition.

Conclusions

This study successfully designed, developed,
and evaluated novel herbal suppository formula-
tions for the treatment of prostatitis. By selecting
lovage CO, extract, saw palmetto CO, extract, and
calendula CO, extract for their potent anti-inflam-
matory and therapeutic properties, and utilizing
Witepsol® H15 as the suppository base, we achie-
ved formulations that met key quality parameters
and demonstrated significant potential for thera-
peutic efficacy.

Witepsol® H15 was identified as the optimal
base, providing favorable physicochemical proper-
ties and superior release rates for the active herbal
ingredients compared to other tested bases.

The herbal suppositories exhibited satisfactory
organoleptic characteristics, appropriate melting
points, deformation and disintegration times, and
pH levels within the required range, ensuring com-
pliance with the standards of the European Phar-
macopoeia.

The formulations maintained microbiological
purity, with TAMC and TYMC within acceptable
limits, ensuring suppositories’ suitability for patient
use.

Biopharmaceutical evaluations demonstrated that
the suppositories formulated with Witepsol® HI15
had the highest release rates of active compounds,
indicating a more efficient delivery of herbal extracts.

These findings suggest that the developed her-
bal suppository formulations could serve as a viable
alternative to conventional treatments for prostati-
tis, offering a natural and potentially effective the-
rapeutic option.

Future clinical studies are recommended to
further validate these results and establish the full
therapeutic potential of these formulations in a cli-
nical setting. Such studies will be critical in con-
firming the efficacy and safety of the herbal suppo-
sitories and their long-term benefits for patients
with prostatitis.

In summary, the novel herbal suppository for-
mulations developed in this study hold significant
promise for advancing the treatment of prostatitis,
providing a natural and efficacious alternative to
conventional therapies, and potentially improving
the quality of life for affected individuals.



36

Innov Biosyst Bioeng, 2024, vol. 8, no. 4

Interests disclosure the Editor-in-Chief and Olena Golembiovska is
the member of the editorial board of Innovative
Oleksandra Dmytrenko reports being employee  Biosystems and Bioengineering, they were not in-

of "UA "PRO-PHARMA" LLC; she does not dec- volved in the editorial evaluation and decision-
lare any competing interests. Alexander Galkin is making on the publication of the article.

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

References

Krieger JN, Nyberg L Jr, Nickel JC. NIH consensus definition and classification of prostatitis. JAMA. 1999 Jul 21;282(3):236-7.
DOI: 10.1001/jama.282.3.236

Pendegast HJ, Leslie SW, Rosario DJ. Chronic Prostatitis and Chronic Pelvic Pain Syndrome in Men. 2024 Jan 11. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2024 Jan—.

Davis NG, Silberman M. Acute Bacterial Prostatitis. 2023 May 22. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2024 Jan—.

Weidner W, Wagenlehner FM, Marconi M, Pilatz A, Pantke KH, Diemer T. Acute bacterial prostatitis and chronic prostati-
tis/chronic pelvic pain syndrome: andrological implications. Andrologia. 2008;40(2):105-12. DOI: 10.1111/.1439-0272.2007.00828.x
Khattak AS, Raison N, Hawazie A, Khan A, Brunckhorst O, Ahmed K. Contemporary management of chronic prostatitis.
Cureus. 2021 Dec 7;13(12):¢20243. DOI: 10.7759/cureus.20243

Thakkinstian A, Attia J, Anothaisintawee T, Nickel JC. a-blockers, antibiotics and anti-inflammatories have a role in the man-
agement of chronic prostatitis/chronic pelvic pain syndrome. BJU Int. 2012;110(7):1014-22. DOI: 10.1111/j.1464-410X.2012.11088.x
Franco JV, Turk T, Jung JH, Xiao YT, lakhno S, Tirapegui FI, Garrote V, Vietto V. Pharmacological interventions for
treating chronic prostatitis/chronic pelvic pain syndrome. Cochrane Database Syst Rev. 2019 Oct 6;10(10):CD012552.
DOI: 10.1002/14651858.CD012552.pub2

Widia F, Atmoko W, Agung NP, Rahardjo HE, Rasyid N, Birowo P, et al. The efficacy of antibiotic and alpha-blocker com-
bination therapy versus antibiotic monotherapy in chronic prostatitis/chronic pelvic pain syndrome: A systematic review. Low
Urin Tract Symptoms. 2023 Jul;15(4):107-15. DOI: 10.1111/luts.12477

Ishiguro H, Kawahara T. Nonsteroidal anti-inflammatory drugs and prostatic diseases. Biomed Res Int. 2014;2014:436123.
DOI: 10.1155/2014/436123

Hochreiter WW. Anti-inflammatory therapies for chronic prostatitis. Eur Urol Suppl. 2003 Mar 1;2(2):30-3.

DOI: 10.1016/s1569-9056(02)00198-7

Zhang K, Guo RQ, Chen SW, Chen B, Xue XB, Chen S, et al. The efficacy and safety of Serenoa repens extract for the
treatment of patients with chronic prostatitis/chronic pelvic pain syndrome: a multicenter, randomized, double-blind, pla-
cebo-controlled trial. World J Urol. 2021 Sep;39(9):3489-95. DOI: 10.1007/s00345-020-03577-2

Cai T, Mazzoli S, Bechi A, Addonisio P, Mondaini N, Pagliai RC, et al. Serenoa repens associated with Urtica dioica
(ProstaMEV) and curcumin and quercitin (FlogMEV) extracts are able to improve the efficacy of prulifloxacin in bac-
terial prostatitis patients: results from a prospective randomised study. Int J Antimicrob Agents. 2009 Jun;33(6):549-53.
DOI: 10.1016/j.jjantimicag.2008.11.012

Franco JV, Trivisonno L, Sgarbossa NJ, Alvez GA, Fieiras C, Escobar Liquitay CM, et al. Serenoa repens for the treatment of
lower urinary tract symptoms due to benign prostatic enlargement. Cochrane Database Syst Rev. 2023 Jun 22;6(6):CD001423.
DOI: 10.1002/14651858.CD001423.pub4

Stamatiou K, Pierris N. Serenoa repens extract additionally to quinolones in the treatment of chronic bacterial prostatitis. The
preliminary results of a long term observational study. Arch Ital Urol Androl. 2013;85(4):190-6. DOI: 10.4081/aiua.2013.4.190
Assessment report on Serenoa repens (W. Bartram) Small, fructus. European Medicines Agency; 2015 Nov. Report No.:
EMA/HMPC/137250/2013. Available from: https://www.ema.europa.eu/en/documents/herbal-report/final-assessment-
report-serenoa-repens-w-bartram-small-fructus_en.pdf

Morgia G, Russo GI, Urzi D, Privitera S, Castelli T, Favilla V, et al. A phase II, randomized, single-blinded, placebo-
controlled clinical trial on the efficacy of Curcumina and Calendula suppositories for the treatment of patients with chronic
prostatitis/chronic pelvic pain syndrome type I11. Arch Ital Urol Androl. 2017;89(2):110-3. DOI: 10.4081/aiua.2017.2.110
Committee on Herbal Medicinal Products (HMPC). European Union Herbal Monograph on Calendula officinalis L., Flos.
European Medicines Agency; 2018 Mar. Report No.: EMA/HMPC/437450/2017. Available from: https://www.ema.europa.eu/
en/documents/herbal-monograph/final-european-union-herbal-monograph-calendula-officinalis-1-flos-revision-1_en.pdf

Popp M, Se B. EP3206701A1 - Canephron for treatment of prostatitis - Google Patents [Internet]. 2014. Available from:
https://patents.google.com/patent/EP3206701A1/en


https://patents.google.com/patent/EP3206701A1/en

Innov Biosyst Bioeng, 2024, vol. 8, no. 4 37

[19]

[20]

[21]

[22]

(23]

[24]

(25]

[26]
[27]

(28]

(29]

(30]

(31]

(32]

(33]

[34]

[35]

[36]

[37]

[38]

(391

[40]

[41]

Jakubczyk A, Ztotek U, Szymanowska U, Rybczynska-Tkaczyk K, Jederka K, Lewicki S. In vitro antioxidant, anti-
inflammatory, anti-metabolic syndrome, antimicrobial, and anticancer effect of phenolic acids isolated from fresh lovage
leaves [Levisticum officinale Koch] elicited with jasmonic acid and yeast extract. Antioxidants (Basel). 2020 Jun 25;9(6):554.
DOI: 10.3390/antiox9060554

Mohammadi M, Parvaneh E, Tolou Ghamari Z. Clinical investigation of Levisticum officinale (Lovage) effectiveness' in pa-
tients with cystinuria. J Urol Res. 2016 Dec 4;6(3). DOI: 10.47739/2379-951X/1071

Nausch B, Pace S, Pein H, Koeberle A, Rossi A, Kiinstle G, Werz O. The standardized herbal combination BNO 2103 con-
tained in Canephron® N alleviates inflammatory pain in experimental cystitis and prostatitis. Phytomedicine. 2019 Jul;60:152987.
DOI: 10.1016/j.phymed.2019.152987

Committee on Herbal Medicinal Products (HMPC). Assessment report on Levisticum officinale Koch, radix. European Medi-
cines Agency; 2012 Mar. Report No.: EMA/HMPC/524623/2011. Available from: https://www.ema.europa.eu/en/documents/
herbal-report/draft-assessment-report-levisticum-officinale-koch-radix_en.pdf

Dmytrenko O, Lutsenko T, Dmytrenko A, Bespalova O. Assessment of efficiency and safety of phytocomposition with pros-
tate-protective  properties in the form of rectal suppositories. Nat Eng Sci. 2024 Oct 30;9(2):407-25.
DOI: 10.28978/nesciences. 1465276

Dmytrenko O, Arkhypova M, Starosyla D, Rybalko S, Gevorkyan M, Galkin A. biological evaluation of medical devices in the
form of suppositories for rectal and vaginal use. Innov Biosyst Bioeng. 2021;5(4):228-37. DOI: 10.20535/ibb.2021.5.4.249082
Galkin A, Komar A, Gorshunov Y, Besarab A, Soloviova V. New monoclonal antibodies to the prostate-specific antigen: obtaining
and studying biological properties. J Microbiol Biotechnol Food Sci. 2019;9(3):573-7. DOI: 10.15414/jmbfs.2019/20.9.3.573-577
European Pharmacopoeia. 11th Edition. EDQM, Council of Europe.

Lichtenthaler HK, Buschmann C. Chlorophylls and carotenoids: measurement and characterization by UV-VIS spectroscopy.
Curr Protoc Food Anall Chem. 2001 Aug 1;1(1). DOI: 10.1002/0471142913.faf0403s01

Mishra P, Singh R, Kumari G, Kumari N, Verma AK. Formulation and evaluation of flax herbal suppositories. J Drug Deliv
Therapeut. 2022 Jan 15;12(1):19-22. DOI: 10.22270/jddt.v12i1.5253

Ebrahimi F, Torbati M, Khoshbakht Z, Khodaie L. Application of herbal rectal suppositories beyond intestinal disorders in
Persian medicine. Trad Med Res. 2019 May 4;4(3):160-72. DOI: 10.12032/TMR20190414115.

Niwatananun K, Niwatananun W, Piyamongkol S, Hongwiset D, Ruengorn C, Koyratkoson K, et al. Clinical pilot study of rec-
tal suppository containing combined extract of Cissus quadrangularis Linn. And Acmella paniculata (Wall ex. DC.) R. K. Jansen
in acute hemorrhoids. Evid Based Complement Alternat Med. 2021 Nov 2;2021:5605323. DOI: 10.1155/2021/5605323

Ortega AB, Garcia AC, Szekely E, Skerget M, Knez Z. Supercritical fluid extraction from Saw Palmetto berries at a pressure
range between 300bar and 450bar. J Supercritical Fluids. 2017 Feb 1;120:132-9. DOI: 10.1016/j.supflu.2016.11.003

Idan A, Griffiths KA, Harwood DT, Seibel MJ, Turner L, Conway Al, et al. Long-term effects of dihydrotestosterone treat-
ment on prostate growth in healthy, middle-aged men without prostate disease: a randomized, placebo-controlled trial. Ann
Intern Med. 2010 Nov 16;153(10):621-32. DOI: 10.7326/0003-4819-153-10-201011160-00004

Sudeep HV, Venkatakrishna K, Amrutharaj B, Anitha, Shyamprasad K. A phytosterol-enriched saw palmetto supercritical
CO, extract ameliorates testosterone-induced benign prostatic hyperplasia by regulating the inflammatory and apoptotic pro-
teins in a rat model. BMC Complement Altern Med. 2019 Oct 17;19(1):270. DOI: 10.1186/s12906-019-2697-z

Barry MJ, Meleth S, Lee JY, Kreder KJ, Avins AL, Nickel JC, et al. Effect of increasing doses of saw palmetto extract on
lower urinary tract symptoms: a randomized trial. JAMA. 2011 Sep 28;306(12):1344-51. DOI: 10.1001/jama.2011.1364
Dauksas E, Venskutonis PR, Sivik B, Nillson T. Effect of fast CO, pressure changes on the yield of lovage (Levisticum officinale
Koch.) and celery (Apium graveolens L.) extracts. J Supercritical Fluids. 2002;22(3):201-10. DOI: 10.1016/s0896-8446(01)00115-2
CuJQ, Pu F, Shi Y, Perineau F, Delmas M, Gaset A. The chemical composition of lovage headspace and essential oils pro-
duced by solvent extraction with various solvents. J Essen Oil Res. 1990 Mar 1;2(2):53-9. DOI: 10.1080/10412905.1990.9697823
May P, Quirin KW. Supercritical marigold flower CO, extract-evergreen in evidence based cosmetic application. Cosmetic
Sci Technol. 2014;1:19-25.

Baké E, Deli J, Téth G. HPLC study on the carotenoid composition of Calendula products. J Biochem Biophys Methods.
2002 Oct-Nov;53(1-3):241-50. DOI: 10.1016/s0165-022x(02)00112-4

Della Loggia R, Tubaro A, Sosa S, Becker H, Saar S, Isaac O. The role of triterpenoids in the topical anti-inflammatory ac-
tivity of Calendula officinalis flowers. Planta Med. 1994 Dec;60(6):516-20. DOI: 10.1055/s-2006-959562

Raal A, Orav A, Nesterovitsch J, Maidla K. Analysis of carotenoids, flavonoids and essential oil of Calendula officinalis culti-
vars growing in Estonia. Natural Product Commun. 2016 Aug 1;11(8):1934578X1601100. DOI: 10.1177/1934578x1601100831
Petrovic L, Lepojevic Z, Sovilj V, Adamovic D, Tesevic V. An investigation of CO, extraction of marigold (Calendula offici-
nalis L.). J Serbian Chem Soc. 2007 Jan 1;72(4):407-13. DOI: 10.2298/jsc0704407p



38 Innov Biosyst Bioeng, 2024, vol. 8, no. 4

[42] Hamburger M, Adler S, Baumann D, Forg A, Weinreich B. Preparative purification of the major anti-inflammatory triterpe-
noid esters from Marigold (Calendula officinalis). Fitoterapia. 2003 Jun 1;74(4):328-38. DOI: 10.1016/s0367-326x(03)00051-0

[43] General Specification Marigold Flower CO2-to extract (organic) [Internet]. [cited 2024 May 22]. Available from:
https://www.flavex.com/wp-content/uploads/2021/Spezi/EN_Spezi Marigold_Flower CO2-to_extract_organic_018_002.pdf

[44] Kumar A, Kolay A, Havelikar U. Modern aspects of suppositories: A review. Eur J Pharmaceut Res. 2023 Aug 31;3(4):23-9.
DOI: 10.24018/ejpharma.2023.3.4.68

[45] Melnyk GM, Yarnykh TG, Herasymova IV. Experimental justification of the choice of suppository base for extemporaneous
pessaries for childbirth preparation. Ukr J Milit Med. 2021 Jul 1;2(2):70-81. DOI: 10.46847 /ujmm.2021.2(2)-070

[46] Herasymova IV, Yurieva HB, Yarnykh TH, Voronenko DV. Research on the composition development of suppositories with
echinacea and study of their stability. Ukr J Milit Med. 2022 Mar 31;3(1):67-74. DOI: 10.46847 /ujmm.2022.1(3)-067

[47] Takatori T, Shimono N, Higaki K, Kimura T. Evaluation of sustained release suppositories prepared with fatty base including
solid fats with high melting points. Int J Pharm. 2004 Jul 8;278(2):275-82. DOI: 10.1016/j.ijpharm.2004.03.030

[48] Mombekov S, Datkhayev U, Kalamkul D, Kozhamzharova A, Baidullayeva A, Assel M, et al. Study of the chemical
components of CO, extracts from the fruits of Sorbus aucuparia L. ScienceRise Pharmaceut Sci. 2024 Apr 30;2:83-9.
DOI: 10.15587/2519-4852.2024.303000

O. MNonem6ioscbka®, O. ﬂ,MMTpeHKOl'Z, O. Mankin*
OU3AWH TA PO3POEKA HOBOI PELIENTYPU POCIIMHHUX CYNO3UTOPIIB ANS NIKYBAHHA NMPOCTATUTY

Kl im. Iropsi Cikopcbkoro, Kuie, Ykpaia
*TOB “YA “IMIPO-®APMA”, Kuis, Ykpaina

Mpo6nemaruka. MNpoctatnt — NowmpeHe 3anarbHe 3aXBOPIOBaHHS, LU0 Bpaxae nepeamixypoBy 3arosy i sike 4acTo fnikyeTbcst aHTubio-
TUKaMu Ta NpoTu3ananbHMMKU npenapaTamMu, LWo MOXYyTb MaTn obmexeHy edekTUBHICTb | NobiyHI edbekTn. diToTepanis NponoHye nepc-
NeKTUBHY anbTepHaTMBY 3aBASAKU CBOIM MPUPOAHMM MpOoTU3ananbHUM BNacTUBOCTSIM.

Merta. [JocnimxeHHs cnpsiMoBaHe Ha An3aiH, po3pobKy Ta OuiHKY di3unko-XiMiYHUX, GiodapmaLeBTUYHUX | MikpoBGionoriYHMX BnacTMBoc-
Tew HOBMX (DITOCYNO3NTOPIiB ANSA NiKyBaHHA NPOCTaTUTY 3 POKYCOM Ha onTuMisadii ixHix 6iodpapmaueBTuyHMX npodinis.

MeTopauka peanisauii. [[na ctBopeHHS cyno3uTtopiis 6ynu BigibpaHi AonoMixHi pe4oBuHM ANnst kKoMBiHauii ix i3 TpaB’aHUMU iHrpeaieHTa-
MU, BiJOMUMW CBOIMU MpoTU3ananbHUMK BRacTuBOCTAMU, 3okpeMa CO,-ekcTpakTamu mobUCTKy, KaprvkoBoi narnbmu Ta KaneHaynu.
CynosuTopHi KOMNO3KL;ii 3 Pi3HVMU OCHOBaMM OLLHIOBANM 3a KIIOYOBMMMW SKICHUMW NapaMeTpamMm, TakuMu K OpraHonenTUYHi XxapakTe-
pUCTUKK, cepedHs Maca, TouYKa NnaeneHHs, Yac gecdopmadii, Yac posnagy, MikpobionoriyHa yictoTa Ta pH, Lo 3abe3nevytoTb BignoBia-
HIiCTb CTaHAapTam €Bponelicbkoi hapmakonei. 3a gonomoroto GiodpapmaueBTUYHUMX JOCHimKEHb MOPiBHIOBaNM Npodini BUBINbHEHHS
aKTUBHMX CMOMYK i3 Pi3HUX CyNnO3UTOPHNX OCHOB.

Pe3ynbTtatu. Cynosutopii Ha ocHoBi Witepsol® H15 npoaeMoHCTpyBanu 3a40BinbHIi OpraHONenTWUYHI BNAacTUBOCTI, BiAMOBIOHI TOYKM
nna.neHHs i NPURHATHI Yacu gedopmMadii Ta posnagy. PiBHi pH Bignosiganv Bumoram, a Mikpo6ionoriyHi Tect nigTBEpAUNUN YNCTOTY.
BiodhapmaveBTnYHi oLjiHkK nokasanu, Wwo cynosutopii Ha ocHosi Witepsol® H15 manu Hankpalli WBUAKOCTI BUBINIbBHEHHS aKTUBHUX CMO-
NYK NOPIBHAHO 3 iHWMMK OCHOBaMU.

BucHoBku. HoBi citocynosutopii, po3pobneHi B LboMy AOCHIAKEHHI, HA OCHOBI NONEPEAHIX OLIHOK IXHiX dhi3nko-XiMiYHMX, Mikpobioro-
riYHMX i 6iocbapmaLeBTUYHUX BNACTMBOCTEW AEMOHCTPYIOTb 3HAYHUI NOTEHLian Ans nikyBaHHS npoctaTtuTy. MNpoTe noTpibHi foaaTkosi
KNiHIYHI JOCNiMKeHHS ANs NiATBEPIKEHHS iXHbOI e(peKTUBHOCTI Ta H6e3neku.

KniouyoBi cnoBa: npoctaTuT; pocnuHHi cynoautopii; Witepsol® H15; npoTudananbHa akTUBHICTb; TepaneBTUYHI KOMNO3ULil.



