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The study of the physicochemical properties of rectal cream
samples with the carrot extract and rutin

The modern arsenal of drugs aimed at eliminating pathological processes of the anorectal zone, as a rule, consists
of suppositories and soft drugs. When using suppositories, hemorrhoidal nodes may be injured, uneven distribution of
the drug along the walls of the anal canal may be observed. In addition, with external and combined hemorrhoids, there
is a need to apply the drug not only to the walls of the anal canal, but also to the perianal skin. Therefore, preference is
given to the use of soft drugs since the process of their introduction is as easy as possible. Today, the pharmaceutical
market of Ukraine has a wide range of products for the treatment of diseases of the anorectal zone, but the constant
increase in the number of patients indicates that this problem has not been solved. Therefore, the study on the crea-
tion of a new rectal soft medicine that will have a complex effect on pathological processes and expand the range of
domestic drugs for use in proctology is relevant.

Aim. To substantiate the type of base for a soft rectal medicine by studying the organoleptic and physicochemical
properties of the experimental samples.

Materials and methods. The study objects were samples of a soft dosage form of various compositions and the
reference drug “Procto-Glivenol Cream” (VAMPHARMA S.R.L., Italy). Samples on different carrier bases were exam-
ined by their organoleptic and textural properties; their colloidal and thermal stability, viscosity and pH were studied.

Results and discussion. It has been found that the use of a sample on a gel base with Aristoflex does not ensure
the presence of an optimal adhesive layer between the mucous membrane of the anorectal zone and the dispersion
medium of the drug. The proxanol-188 sample does not have satisfactory thermal and colloidal stability indicators.
The use of an emulsion base provides the necessary ability to spread over the surface, adhesion and cohesion.

Conclusions. Therefore, for further research, it is advisable to use a sample of the rectal cream, which is an
emulsion system.
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Anb CasicHex Moxammag, O. A. Py6aH, I. B. KoBanescbka, HO. C. Macnin, H. A. lepbiHa
HauioHanbHuin hbapmaueBTU4HMI YHiBepcuTeT MiHicTepcTBa OXOPOHW 300POB’A YKpaiHu

DocnigxeHHs ¢i3nko-xiMiYHMX BNacTUBOCTEN 3pas3KiB KpeMy peKTanbHOro
3 eKCTPaKTOM MOPKBU NOCIBHOI Ta PyTUHOM

CyuacHuin apceHan nikapcbKkux npenapariB, CNpsiMOBaHWUX Ha YCYHEHHSI MATOSOriYHMX NPOLIECIB aHOopeKTanbHoi
30HM, SK NMPaBUIIO, CKMNAAAETbCA i3 CYNno3nTOPIiB Ta M’AKUX NiKapCbknx 3acobiB. 3a BUKOPUCTaHHA CYMo3UTOPIiB MOXe
BiabyBaTucAa TpaBMyBaHHSA reMopoifanbHUX By3niB, HEPIBHOMIPHUI PO3MNOAiN npenapary no CTiHKax aHanbHOro KaHa-
ny. [1o Toro X, 3a 30BHILUHBOrO i KOMBIHOBAHOIO reMOPOK BMHUKAE HEODXIOHICTb HAHECEHHS MiKapCbKOoro 3acoby He
TiNMbKN Ha CTiHKWM aHanbHOro KaHany, ane n Ha nepmaHanbHy LUKipy. TOMy BigAalTb Nnepesary 3aCTOCYBaHHIO M’AKUX
nikapcbkux 3acobiB, agxe NpoLec ix BBEAEHHS MakcMmarbHO nonerweHnii. Ha ceorogHi Ha dhapMaueBTUHHOMY PUHKY
YKpaiHu HasiBHWIA LUMPOKMIA CNeKTp 3acobiB Ans MiKyBaHHS 3axBOPIOBaHb aHOPEKTanbHOI 30HK, ane nocTiiHe 3poc-
TaHHS KiNbKOCTi XBOPWX CBIAYUTb NPO HEBMPILLEHICTb Uiei npobnemMun. ToMy akTyanbHUMK € AOCHIAXEHHS 3i CTBOPEHHS
HOBOIO PEKTanbHOrO M’AKOrO MikapCbKoro 3acoby, Wo MaTtume KOMMIIEKCHUIA BNAMB Ha NaTomnorivyHi mpoLecu Ta pos-
LUMPUTb CNEKTP BITYN3HAHMX NpenaparTiB Ans 3aCTOCyBaHHA Y NPOKTONOTil.

MeToto po60oTu 6yrno obrpyHTyBaHHS TUMY OCHOBUW M’'SIKOrO PeKTarbHOro MikapCbKoro 3acody LUNSXOM AOCHiIAXEHHS
opraHonenTUYHMX Ta di3nMKo-XiMiYHMX BNAaCTUBOCTEN AOCNIAHNX 3pa3KiB.

Matepianu Ta metogu. O6’ekTamu JOCHIPKEHHSI CTanm 3pa3ku M’sIKoi Nikapcbkoi hopmMu pi3HOro cknaay Ta npena-
part nopiBHsiHHSA «[MpokTo-rniBeHon kpem» (BAM®PAPMA C.PJ1., Itanig). JocnigkeHo 3pa3ku Ha pidHMX OCHOBaX-HOCIAX
3a OpraHoONEenTUYHUMU, TEKCTYPHUMM BIACTUBOCTAMM, BUBYEHO iXHIO KOMOIAHY Ta TEPMiYHY CTabinbHIiCTb, B'I3KIiCTb Ta pH.

Pe3ynbraTty Ta ix 06roBopeHHs. 3’1COBaHO, LLIO BUKOPUCTaHHS 3paska Ha rernesili OCHOBI 3 apucTodrekcoM He
3abesnevye HasBHICTb ONTMManbHOro aare3ifHoro Lwapy Mk Crm3oBoo 060MOHKOK aHOPEeKTarnbHOI 30HM Ta gucnep-
CiHMM cepenoBMLLEM NiKapcbKoro npenaparty. 3pa3ok Ha OCHOBI NpokcaHony-188 He Mae 3a40BiNbHMX NOKA3HWUKIB
TEepPMiYHOI Ta KonoigHoi cTabinbHocTi. BukopucTaHHS eMynbCiltHOT OCHOBM 3abe3nedye HeoOXigHY 3aaTHICTb 0 po3-
noainy noBepxHeo, aaresito Ta Koaresito.

BucHoBok. OTxe, Ans noganbLUnX AOCHiMKEeHb A0LiNbHO BUKOPUCTOBYBATH 3pa30kK KpeMy peKkTarnbHOro, Lo cTa-
HOBUTb CODOI0 EMYIILCINHY CUCTEMY.

Knrodoei crnosa: ekcmpakm MOPK8U MOCI8HOI 2ycmudl; pymuH, mexHosoeisi; 00NOMiKHI peHO8UH, MPOKMOIO2i4Hi
3axeoprosaHHsI
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Introduction. The development of new highly ef-
fective drugs for the treatment of proctological diseases
remains an important problem of modern medicine due
to the prevalence of these diseases and the limitation of
domestic drugs that would have high bioavailability, act
on the affected target tissues of the rectum, providing a
complex effect on the pathological process [1]. In addi-
tion, based on the studies of the domestic pharmaceuti-
cal market conducted, it has been found that, despite the
constant development of the proctological drug market,
its structure remains to be import-dependent [2]. An im-
portant place is occupied by rectal ointments containing
natural active pharmaceutical ingredients with a wide
spectrum of biological activity [3].

Medicinal tactics intended for the treatment of proc-
tological diseases consist in the use of the systemic therapy
together with the surgical and local treatment. The local
therapy involves the use of drugs in various dosage forms
containing analgesic, antiseptic, anti-inflammatory, hemo-
static and capillary-stabilizing active pharmaceutical in-
gredients (API). An important place is occupied by rectal
ointments containing natural active pharmaceutical in-
gredients with a wide spectrum of biological activity [3].

The extract of carrot and rutin were chosen as ac-
tive pharmaceutical ingredients in the composition of the
drug under development. The pharmacological studies
have demonstrated a moderate anti-inflammatory, anti-
exudative, membrane-protective and antioxidant activ-
ity of the carrot extract. It has been found that it has
moderate antimicrobial properties and inhibits the growth
of Staphylococcus aureus, Escherichia coli, Bacillus sub-
tilis, Proteus vulgaris, Pseudomonas aeruginosa and Can-
dida albicans [4]. Rutin reduces the permeability and
fragility of capillaries, strengthens the cell wall, reduces
the aggregation of platelets, has the anti-inflammatory
effect (including inhibition of the hyaluronidase activi-
ty), antioxidant properties, participates in redox pro-
cesses. In addition, rutin is characterized by such effects
as a decrease in the exudation of the liquid part of the
blood plasma and the diapedesis of blood cells through
the vascular wall. Rutin leads to a decrease in swelling,
pain syndromes and trophic disorders [5].

It is also important to rationally choose excipients
in the composition of the drug, which will ensure the
achievement of the necessary biopharmaceutical indica-
tors and the possibility of creating an optimal adhesive
layer between the mucous membrane of the anorectal
zone and the dispersion medium of the drug used [6].

The use of bases with hydrophobic excipients is a
widespread modern technological practice, but along with
the positive aspects, hydrophobic bases have a signifi-
cant drawback in the form of an unsatisfactory release
of APIs with diphilic properties [7].

Therefore, the aim of the work was to substantiate
the type of base for a soft rectal medicine by studying
the organoleptic and physicochemical properties of the
experimental samples.

Materials and methods. The study objects were
samples of a soft dosage form of various compositions
(Table 1) and the reference drug “‘Procto-Glivenol Cream”

(VAMPHARMA S.R.L., Italy) containing tribenoside and
lidocaine hydrochloride as APIs (sample No. 4). Samples
were prepared in laboratory conditions according to the
traditional technology [8]. A thick extract of carrot root
(FECR) was obtained at the Department of Chemistry
of Natural Compounds of the National University of Phar-
macy of the Ministry of Health of Ukraine under the su-
pervision of professor Kislychenko V. S. and professor
Zhuravel I. O. [9]. The amount of rutin and FECR in the
dosage form was proven by the previous pharmacologi-
cal studies [10].

Samples prepared on different carrier bases were as-
sessed by their organoleptic and textural properties; their
colloidal and thermal stability, viscosity and pH were
studied. The textural properties were studied by the me-
thod of direct extrusion (imitation of the force required
to extrude the sample by the consumer) and the method
of reverse extrusion characterizing the product viscosity.
The research was carried out on a TA.XT Plus texture
analyzer (Stable Micro Systems Ltd., Surrey, Great
Britain). Reverse extrusion tests were performed using
an A/BE equipment. Approximately 50 ml of the sam-
ple was placed in a standard 100 ml sample container,
avoiding the appearance of air and ensuring the forma-
tion of a smooth surface. The disk (40 mm diameter),
which was placed above the surface of the sample at
the beginning of the test, was compressed, resulting in
the extrusion of the product upwards between the walls
of the container and the edges of the disk. The follow-
ing study parameters were selected: movement speed —
2 mm/s, distance (insertion depth) — 10 mm [11].

Parameters, such as strength (maximum compres-
sive force), consistency (cohesive and adhesive ability),
were determined from the resulting force-time graph.
During the movement of the piston with the disk down
direction, the positive part of the reverse extrusion graph
is created: the maximum compression force required
for deformation shows the strength of the sample, and
the area of the graph above zero shows its cohesion.
The higher the value, the more viscous the consistency

Table 1

The sample composition of a soft medicine (%)

The name of the Sample number
substance No.1 No.2 No.3
FECR 5.0 5.0 5.0
Rutin 2.0 2.0 2.0
Aristoflex 1.5 -
Nipagin 0.0015 0.0015 0.0015
Nipazole 0.005 0.005 0.005
Glycerin - 10.0 -
Cytostearyl alcohol - 8.3 -
Stearic acid 4.0
Liquid paraffin - 6.0 -
Vegetable 15.0
Proxanol 188 - 17.0
Purified water till 100 till 100 till 100
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of the sample. After the disk returns to its original posi-
tion, its upward movement creates the negative part of
the graph: the area below zero gives an idea of the ad-
hesion and resistance of the sample when it is removed
from the disk (minimum pulling force). The higher the
value, the more energy is needed to break the contact of
the sample with the surface of the disc and, accordingly,
the better the adhesive ability of the samples [12, 13].

The colloidal stability was determined by centrifu-
gation for 5 min at 5000 rpm and 10000 rpm. The ther-
mostability was determined under the conditions of a
thermostat at a temperature of 40.0 = 1 °C for 7 days
and by freezing the weight of the sample in a test tube
to - 20.0 £ 1° C and the subsequent gradual thawing at
room temperature [14, 15]. The pH of the model sam-
ples was measured by the potentiometric method in
10 % aqueous extraction from the samples on an Ezodo
PL-700PV pH meter (Poland). The rheological studies
were carried out on a V2R 3000 viscometer (Spain) in
the range of shifting rates of 300 s, 700 s!, 1000 s at
temperatures of 20 + 1 °C and 37 + 1 °C [16].

Results and discussion. According to the data pre-
sented in Table 2, it can be concluded that all samples
were homogeneous, without signs of stratification, sam-
ples No. 1-3 had a specific sweet vegetable smell, sam-
ple No. 4 had a characteristic smell of AFI (Table 2).

The value of the hydrogen indicator of sample No. 1
was close to neutral, the pH of the other samples was
within the physiological pH value of the anorectal zone
(7.3-7.8).

The study of colloidal stability showed that at 5000 rpm
all samples were stable. When the speed increased to

10000 rpm, delamination was observed in sample No.3.
While determining the thermal stability, the samples
showed no signs of delamination when frozen. When heat-
ed, sample No.3 lost the signs of a homogeneous struc-
ture.

Further, textural characteristics were determined (Fig.).
As it can be seen from Figure, samples No. 2-4 had high
strength indicators, unlike sample No.l (153.62 g).
Samples No. 2 and 3 showed almost the same values of
strength and cohesiveness. Sample No. 1 had a small area
under the curve for the first negative peak —26.08 g.sec,
indicating a small degree of its adhesiveness and a pos-
sible loss of thixotropic properties during the techno-
logical processing and use. The high values of the vis-
cosity index for samples No.2 and 4 (29.98 g.sec and
26.58 g.sec, respectively) allow us to conclude about
their better fluidity at room and physiological tempera-
tures in the anorectal zone. Samples No.2 and 3 had ela-
sticity values (the first significant peak at the first com-
pression) approaching the reference sample. The strength
of these samples bonding increased with increasing ad-
hesion.

Therefore, samples No.2-4 are able to stick to the
mucous membrane, which can prolong the time of stay-
ing of the drug at the site of application.

When developing a rectal medicinal product, the co-
hesiveness of its components should be taken into ac-
count. The degree of a soft medicine spreading is in-
versely proportional to its cohesion. Cohesive forces re-
duce the fluidity of the system and, thus, the ability to
spread over the affected surface. Thus, according to the
results of the extrusion test, sample No.l containing

Table 2
The results of determination of organoleptic and physicochemical parameters
Stability
Sample No. Appearance pH thermal, .
+409C/ -20 °C colloidal
1 A homogeneous transparent mass of a yellow color 6.42 +0.23 +/+ +
2 A homogeneous yellow-white mass 7.33+0.56 +/+ +
3 A homogeneous mass of a yellow color 7.65+0.48 -/+ -
4 A homogeneous white mass 7.62 = 0.64 +/+ +
Force () None
= Ne2
\
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Fig. The extrusion test results
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Table 3
Viscosity parameters of the samples
Shifting rate
300s ! 700 s’ 1100 s
Sample No. — — —— —— —— —
Viscosity, Viscosity, Viscosity, Viscosity, Viscosity, Viscosity,
(mPa-s), 25 °C (mPa-s), 37 °C (mPa-s) (mPa-s), 37 °C (mPa-s), 25 °C (mPa-s), 37 °C

1 1622 +13 1423+ 14 1096 + 56 984 + 25 877 £ 19 644 + 29
2 2071+ 89 1853 + 32 1364 + 88 1236 + 25 798 + 26 782 +5
3 1907 £43 754+ 13 1257 £ 26 528 +42 741 + 21 471+8
4 2749 + 63 2272 £ 51 1295 + 137 1148 £10 914 + 44 858 +13

Aristoflex as a gelling agent has reduced cohesive pro-
perties, while the emulsion-based sample No.2 shows
satisfactory spreading, adhesion, cohesion and elastic-
ity indicators, which are as close as possible to the ref-
erence drug.

The next stage was the viscosity determination of the
test samples. As you know, viscosity is not a constant
value and depends on such factors as temperature and
the shifting rate. Therefore, the study was conducted at
temperatures corresponding to the surface of the rec-
tal zone and room temperature with a range of shifting
rates from 300 s ' to 1100 s . The values of viscosity
and shifting rate determined are presented in Table 3.

As it can be seen from Table, the temperature and
the shifting rate significantly affect the viscosity of the
samples. At a shifting rate of 300 s and 700 s at 37 °C
for samples No. 1 and 4, the viscosity is reduced by al-
most half. The indicator of samples No.2 and 3 decreas-
es by 30 % - 35 %, approximately 1.45 times under the
same conditions. At a shifting rate of 1100 s™' with an in-
crease in temperature, the viscosity in sample No.1 de-
creases by approximately 1.5 times, and for No.2, No.3,
and No.4, it changes to indicators that will ensure a sa-
tisfactory ability to be distributed and retained on the
affected surface.

Conclusions and prospects for further research.
According to the organoleptic tests results, it has been
determined that all samples are a homogeneous mass

with their characteristic color and smell. Using the po-
tentiometric method it has been found that the pH of
samples No.2 and 3 corresponds to the physiological
pH value of the anorectal zone (7.3-7.8).

The results of determination of colloidal and ther-
mal stability allow us to conclude that sample No.1, 2
and 4 have no signs of delamination after exposure to
mechanical forces and temperature.

Based on the determination of textural properties,
it has been found that the use of a sample on a gel base
with Aristoflex does not ensure the presence of an op-
timal adhesive layer between the mucous membrane of
the anorectal zone and the dispersion medium of the
drug used. The emulsion-based sample shows satisfac-
tory textural parameters, which are as close as possible
to the reference drug.

The viscosity study of rectal drug samples in the
range of shifting rates of 300 s, 700 s, 1000 s™! at tem-
peratures of 20 = 1 °C and 37 & 1 °C has shown that the
parameters of sample No.2 are close to the reference
drug; it will provide a satisfactory ability to be distrib-
uted and retained on the affected surface.

For further research on the development of the com-
position and technology of a soft medicine for the treat-
ment of proctological diseases, it is proposed to use an
emulsion-based sample.

Conflict of interests: authors have no conflict of
interests to declare.
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