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Introduction. Inflammation is a protective reaction of the organism to the damaging agent. Ibuprofen has anti-inflammatory, antipyretic,
and anti-edema effect. But ibuprofen has also side effects.

The main goal was to estimate the “dose-effect” dependence of the hexadecyl ester of ibuprofen on the formalin model of inflammation.

Materials and methods. An acute inflammatory reaction was caused by the subplantar injection of 0.1 ml of 2% formalin into the hind
limb of experimental rats. After the development of the inflammatory process, rats were treated by transdermal administration of the hexadecyl
ester of ibuprofen as an ointment containing the ester in various concentrations — 5%, 2.5%, 1% and 0.5%. The dynamics of change in the
inflammatory process determined by measuring the width and volume of the affected limbs.

Results. The hexadecyl ester of ibuprofen reduces the width and volume area of the inflammation in animals and has anti-inflammatory
activity at the concentrations 0.5-5%.

Conclusion. The hexadecyl ester of ibuprofen demonstrated the high anti-inflammatory activity. The anti-inflammatory activity was not
dependent from the concentration. It is advisable to use the 0.5% ointment of ibuprofen ester, which is almost equal in their efficiency to the
5% ointment.
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3AJIEXKHICTD  JO3A-E®EKT TI'EKCAJEIMAJIOBOIO E®IPY
DOPMAJITHOBOT' O 3ATTAJIEHHSA

O0ecbkuti HaYIOHATbHUL MEOUYHULL YHIGepCUmMEem

JlocmimKeHo 3alIexkHICTh 103a-e(eKT reKcaaenoBoro edipy iOynpodeny Ha Mozeni (OpMaTiHOBOTO 3amajieHHs. 3alalbHAH mporec
BUKIUKaIK cybrutantapauM BeeaeHHAM 0,1 mi 0,2% dopmamiHy mij migomIOBHMN anmoHEBPO3 33AHBOI KIHIIBKM TOCHiTHUX mIypiB. [licms
PO3BHUTKY IIPOLIECy 3aIaieHHs IIPOBOJIMIIH AILTIKALil0 Ma3eBOl OCHOBH, sIKa MICTHIIA TeKCAICLIMIIOBUH edip i0ynpodeHy y pi3HUX KOHIIEHTpa-
isx — 5%, 2,5%, 1% ta 0,5%. BecranosneHo, mo B rpynax TBapHH, Jie FeKcaIelIoBui edip i0ynpodeny BUKOPHCTOBYBABCS IS JTiKyBaHHS
THPOLIECy 3aIaJIFOBaHHS, CIIOCTEPIraloch 3HAYHE 3MEHIIICHHS TOKA3HUKIB IIMPHHH Ta 00’ €My OCEpe/IKy 3amaieHHs. BapTo 3a3Ha4mTH, 10 JUIs
JIOCSTHEHHS OCHOBHOTO (hapMaKoJIOTiuHOTro e()eKTy Ha opraHi3M HeoOXiaHO BuKoprcToByBaTH 0,5% Masb rexcaneniioBoro edipy i0ympode-
HY, OCKUIBKH HOT0 €()eKTHBHICTb HE IOCTYHAEThCS 5% Masi.

Kuo4osi ciioBa: dapMakonoriyHui CKpHHIHT, TPOTH3anaibHa Jisl, rekcamenunoBuil edip ibympodeny, no3a-edext, GpopmartiH iHTyKO-
BaHE 3arajeHHs.

IBYIPO®EHY HA  MOJEJII

Introduction. The vast majority of diseases include
general pathological processes, among which inflammation
is the most well-known [1].

Inflammation is a protective reaction of the body, which
is aimed at destroying the damaging agent and eliminating
ensuing changes in tissues. The local effect of the inflammatory
process is always accompanied by general changes in the entire
body. First of all, it manifests itself in increased temperature,
leukocytosis, violation of all types of metabolism, and
hypoproteinemia in chronic inflammation [2; 3].
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CrarTs MOMMPIOETHCS HA YMOBAX JIIICH3IT -'

The medicines actively used for the treatment of
the inflammatory process include non-steroidal anti-
inflammatory drugs (NSAIDs), among which the most
famous is ibuprofen [3]. According to modern terminology,
ibuprofen belongs to “acidic” anti-inflammatory agents and
has a large number of possible side effects, such as an irritating
effect on the mucous membrane of the gastrointestinal tract,
impaired kidney function, and others [4]. Its local usage as
a soft dosage requires frequent application to the skin (3—
4 times a day) [5], so it is relevant to create derivatives based
on ibuprofen, which would be characterized by an increase
in the retention time of the active molecule in the body both
due to an increase in lipophility and slow hydrolysis, which
leads to prolonged action.
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The analysis of literary sources demonstrates a lack
of information about the anti-inflammatory properties of
ibuprofen esters during transdermal administration. No
information was found on the concentration-dependent
activity of ibuprofen hexadecyl ester in the formalin model
of inflammation too.

One of the ways to solve this problem is to develop
methods of chemical modification of the ibuprofen
molecule, as a result of which it would be possible to
obtain more active analogues. One of these medicinal
forms are prodrugs [6]. From a chemical point of view,
prodrugs can be qualified as medicinal compounds
temporarily containing special biologically inert groups,
which are used to change the undesirable properties of
the parent molecule: solubility, bioavailability, specific
action, instability, long time of release of the substance
from the dosage form, toxicity, and inconvenience of use
for patient (taste, smell).

The most widely used compound for creating prodrugs
is ester. Esters are easily synthesized from active substances
containing alcohol groups and carboxylic acids [7].

The main goal was to establish the “dose-effect”
dependence of the hexadecyl ester of ibuprofen on the
formalin model of inflammation.

Materials and methods.

Animal groups

Experiments involved 96 purebred white rats of the Wis-
tar line, weighing 150-180 g, obtained from the vivarium
of the Odesa National Medical University. Animals were
subject to a standard diet with water and food ad libitum.
Experimental studies were conducted following the meth-
odological recommendations of the State Pharmacological
Center, Ministry of Health of Ukraine, and the bioethics
commission of the Odesa I.I. Mechnikov National Univer-
sity, Ministry of Education of Ukraine.

Synthesis

The hexadecyl esters of ibuprofen were synthesized
by the azeotropic water distillation with benzene using a
Dean-Stark nozzle (Fig. 1).

The purity of the obtained esters was verified by the
method of thin layer chromatography (TLC) in the sys-
tem — heptane-chloroform-ethyl acetate 1:1:0.5.

Hexadecyl ester of ibuprofen was synthesized at the
Pharmaceutical Chemistry Department of Odesa I.I. Mech-
nikov National University (C, H,,) (Fig. 2).

CH, EﬂT \[/ + R-OH —t—- f
’J kx’l i H, C/]\A =

Design of the experiment. An acute inflammatory
reaction was induced by the method of subplantar injection
of 0.1 ml of 2% formalin [8; 9] into the hind limb of
experimental rats. After 24 hours, rats were treated by
transdermal administration of the hexadecyl ester of
ibuprofen (see Fig. 2) with an ointment containing the ester
at various concentrations — 5%, 2.5%, 1% and 0.5%.

The hydrophilic base, consisted of PEG-1500:PEO-
400:1,2-propylene glycol, in a ratio of 4:2:3, respectively,
is often used in medical practice and does not cause allergic
reactions and has no contraindications for use [10].

The results of the experimental study were evaluated
on the basis of the dynamics of changes in the width and
volume of the affected limb (the width was determined by
an electronic calliper, and the volume by the volumetric
method).

Results and discussion.

The study of dose-effect response to the model of
formalin inflammation showed that the use of ibuprofen
hexadecyl ester for treating the inflammatory process
demonstrates  significant  anti-inflammatory  activity
(Tables 1, 2).

The formalin model leads to the development of
chronic inflammation, which can cause tissue necrosis.
This is a classic model of the chronic inflammatory process
[9]. Therefore, we studied the dose-effect relationship
of the hexadecyl ester of ibuprofen with transdermal
administration specifically on the formalin model of
inflammation.

The obtained results reveal that on the 1st day (24 hrs)
of treatment, the parameters of the width and volume of the
affected limbs of the experimental rats in the groups where
ibuprofen hexadecyl ester was used did not differ from the
control group, where the treatment was not carried out.

Starting from the second day of treatment, there is
a tendency to a significant decrease in inflammation
indicators in the groups that were injected with ibuprofen
hexadecyl ester, and there is a return of the width indicators
of the affected limbs to the initial ones on the 10th day, and
the volume indicators — on the 9th day of the experiment.

In the control group of animals, the width and volume
of the inflammation at the end of the experiment did not
reach the intact ones and exceeded the indicators of the
other groups by 48% (width of the affected limbs) and 35%
(volume of the affected limbs), respectively.

CH,

S
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Fig. 1. Synthesis reaction of hexadecyl ester ibuprofen
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Fig. 2. Molecular structure of hexadecyl ester ibuprofen (IBP-C
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Table 1

Anti-inflammatory activity of the hexadecyl ester of ibuprofen on the model of formalin inflammation depending
on the concentration (width of swelling of the affected limbs of rats, in % of intact ones, (M + m) (n=10))

Day Control Ibuprofen IBI())jsc'}/ﬁoHS-" IBPI- E/:IGH-“ IBI;-g.}/i H,, IBl;jg,l/f]Hﬂ
Intact indicators 100+4.2
24 hrs 15545.3

2 161.242.2 145.6+4.2* 149.6+3* 145.3+4* 142.543* 144 .1+5.8%*

3 152.6£2.3 137.0+£3.8* 133.0+£2.7* 132.8£3.2 * 134.8+£2.1* 131.3+£3.6*

4 160.0+1.5 134.0+£2.1* 135.542.4* 130.1£3.1 * 132.74£3.5* 129.0+4.1%*

5 159.7£3.1 131.8+£2.4* 136.6+£3.5 * 132.8+1.9 * 125.3+£2.6* 124.2+3 .4*

6 153.943.2 128.1+1.8* 120.1£2.9 * 126.4£2.7 * 121.14£3.9* 122.6+£2.6*

7 152.4+2.1 124.9+2.9% 118.542.1 * 121.2+1.5 * 119.54+3.2* 118.2+4.3*

8 147.2+1.3 122.5+1.7* 115.3+4.7 * 119.8+3.7* 113.942.7* 116.14+4.0*

9 162.3+3.2 125.7+3.5% 121.1+3.6 * 122.242.8 * 118.4+3.6* 119.2+2.4*

10 160.3+2.6 120.743.7* 116.842.1 * 115.842.2 * 114.2+3.0%* 113 .7£2.5%

11 150.0+2.4 115.443.1% 111.5+£3.1 * 110.8+1.4 * 108.242.4* 106.0+£2.0%*

12 148.0£1.2 111.3+4.5% 107.0£2.6 * 105.1£2.4 * 104.3£1.2* 105.0£1.1%*

Note: * —p < 0.05 — matched with the control group
Table 2

Anti-inflammatory activity of the hexadecyl ester of ibuprofen on the formalin inflammation model depending
on the concentration (volume of edema of the affected limbs of rats, in % of intact ones, (M = m) (n=10))

Day Control Ibuprofen IB]:)-g‘l,/‘oH 33 IBPI- C,,::)ﬁH” IBI;TSC(}/T)H” IBI;T(?%H”
Intact indicators 100+6.4
24 hrs 162+7.1

2 164.943.1 160.843.4* 162.1+4.3* 158.6+3.1* 154.2+4.8%* 155.9+3.2*

3 167.5+4.2 153.2+4.1* 149.5+3.0* 147.5+2.8* 149 .8+4.0* 147.34£2.1*

4 175.3+2.1 142.3+4.7* 135.5+4.1* 136.8+3.9* 130.2+3.7* 132.0+2.8*

5 162.4+4.2 138.1+3.5* 130.1+3.9* 137.2+4.2% 132.5+3.0* 127.8+1.8*

6 156.4+3.1 138.7+3.1* 127.6+£2.7* 129.2+3.7* 130.4+1.8* 125.3+2.0*

7 157.1+£3.8 126.4+2.4* 122.0+3.8%* 128.3+4.0* 125.6£2.7* 123.2+1.2*

8 155.1+4.0 120.6+1.8* 118.74+2.5% 122.4+3.2% 115.442.3% 114.34+3.4%

9 163.8+3.2 126.6+3.4* 123.1+3.1* 128.8+2.9* 125.1+£1.2* 121.1+£2.2%

10 158.9+2.4 121.742.1% 119.0+1.8* 121.0+2.4%* 118.0+3.4* 119,5+3.4%*

11 145.6+1.8 116.0+3.2* 112.6+2.7* 114.0+3 4% 111.3£3.1* 114.0+2.8*

12 136.0+3.3 109.8+4.2* 106,24+3.5* 105.0+3.3* 10 3.4+1.8%* 107,5+2.8*

Note: * —p < 0.05 — matched with the control group

The anti-inflammatory activity in the group with
5% hexadecyl ester of ibuprofen was slightly better
than in the groups where 2.5%, 1% and 0.5% ointment
was used.

Conclusions. Consequently, referring to the results
of indicators of the inflammation of the hind paw on the
formalin model of inflammation, it can be stated that
the use of transdermal administration of the hexadecyl
ester of ibuprofen demonstrates high anti-inflammatory
activity in a wide range of concentrations. It means
that in order to achieve the desired pharmacological

response to the inflammatory process, it is advisable to
use 0.5% ibuprofen ester ointment, which is almost as
effective as 5% ointment.

Such a phenomenon can be explained by the fact
that during transdermal administration the amount of
the active substance penetrating through the skin barrier
is limited by the permeability of the stratum corneum
and the release of the active substance from the skin
depot. These parameters lead to slight differences in the
manifestation of anti-inflammatory activity at different
concentrations of the ester in the soft dosage form.
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