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EVALUATION OF ANTINOCICEPTIVE AND ANTIEXUDATIVE EFFECTS OF A COMPLEX
HERBAL PREPARATION IN THE THERAPY OF SOMATIC PAIN AND INFLAMMATION
OF DIFFERENT ORIGIN

e-mail: lidaeberle@gmail.com

Experimental studies of the antinociceptive effect of the complex herbal preparation on models of somatic pain induced by
thermal and chemical stimuli were performed, and the antiexudative impact of the drug was established on models of inflammation of
various genesis. The experimental sample of the herbal preparation is presented in the form of an ointment for transdermal
administration and contains a complex of plant extracts: Juglans nigra L., Acorus calamus L., Styphnolobium japonicum L. and
Zingiber officinale L. The study's results indicate the effectiveness of the drug in treating somatic pain with skin damage and in deep
somatic manifestations of pain reactions. The activity of the herbal preparation was not inferior to that of the comparison drug. In the
trypsin and zymosan models of edema, the complex herbal preparation has pronounced anti-inflammatory activity when administered
transdermally. It suppresses cyclooxygenase and lipoxygenase activity, making it a promising object for further pharmacological study
and introduction into medical practice as an alternative means of treating somatic pain and inflammatory processes.

Key words: herbal preparation, antinociceptive and antiexudative action, inflammation, somatic pain.
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OLITHKA AHTUHOIMIENTUBHOI TA AHTUEKCYJIATUBHOI JIIi
KOMILJIEKCHOI'O ®ITONPEIIAPATY B TEPAIIII COMATHYHOI'O BOJIIO
TA 3AITIAJIEHHS PI3BHOI'O TEHE3Y

IIpoBeneHO eKcCrepUMEHTANIbHI OCHIIKEHHS aHTHHOLMIENTHBHOI ii KOMIIEKCHOro (itompenapary Ha MOJEISIX
COMaTHYHOTr0 OOJIIO iHIYKOBAHOTO TEPMIYHUM i XIMIYHUM IOJpa3HUKAMH Ta BCTAHOBJICHHS aHTHEKCYIaTUBHOI Iii npernapaTy Ha
MOZEISIX 3anajeHHs pi3Horo renesy. Jlocminauii 3pa3ok ditonpenapary npeacTaBIeHHI Y BUMIILAL Ma3i JUIsl TPAHCIEPMAIBHOTO
BBE/ICHHS Ta MICTHTh KOMIUICKC POCIMHHUX €KCTpakTiB: Juglans nigra L., Acorus calamus L., Styphnolobium japonicum L. ta
Zingiber officinale L. Pe3ynbraTi OOCHIIKEHHS CBiquaTh npo e(peKTHUBHICTh 3aco0y mpu Teparil coMaTHYHOro 000 3
MOUIKO/PKEHHSAM IIKIPHUX TOKPUBIB Ta MPH TIHMOOKHX COMAaTHYHUX MPOsABaX OONBOBHUX peakiiil. AKTHBHICTB (iTo3acoly He
MoCTyIanach Jii mpenapaty nopiBHAHHA. Ha TpuncuHOBIH Ta 3MM03aHOBIN MOIENAX HAOPSAKY KOMIUIEKCHHH (iTompenapaT mpu
TpaHCIEpPMaIbHOMY BBEICHHI Ma€ BHPaKEHy INPOTH3AllaIbHy aKTUBHICTH, NPUTHIUYIOYM aKTUBHICTh IUKJIOOKCHUTCHA3W Ta
JIITOOKCHUTEHA3H, IO POOUTH HOTO NEPCHEKTUBHUAM 00'€KTOM JUIS ITOJATIBIIOT0 (hapMaKOoIOTi9HOTO BUBYECHHS Ta BIIPOBAIKCHHS B
MEJMYHY NPaKTUKY SIK albTepPHATUBHOIO 3ac00y Tepartii COMaTHYHOro OOJII0 Ta 3alalbHUX MPOLECIB.

Kurouogi ciioBa: ditonpenapaT, aHTHHOLMIECTITUBHA Ta aHTHEKCYIaTUBHA J1is1, 3allaeHHs, COMaTHYHU O1J1b.

The study is a fragment of the research project “Pharmacological correction of simulated pathological conditions by
using developed medicines” state registration No. 0122U200545.

Pain and inflammation are one of the most common reactions of a living organism. They often lead
to severe suffering and disability and, as a result, to decreased quality of life and sometimes to deaths
among patients. Therefore, the problem of treating pain and inflammation is one of the most important
tasks in medicine today.
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Pharmacotherapy occupies one of the central places among modern methods of pain relief. A wide
range of painkillers is used, among which narcotic and non-narcotic analgesics predominate. Narcotic pain
relievers or opioid analgesics (morphine, fentanyl, buprenorphine, etc.), despite their effectiveness in
severe acute and chronic pain, have regulated and limited use due to the possibility of causing severe side
effects (physical and psychological dependence, respiratory depression, drug addiction, etc.). Non-narcotic
analgesics (analgesics, antipyretics, nonsteroidal anti-inflammatory drugs (NSAIDs)), although not
addictive, are characterized by moderate analgesic and anti-inflammatory effects, as well as a wide range
of side effects (gastro-, hepato-, nephro-, hematotoxicity, etc.), which narrows the scope of their
application. Recently, special attention has been paid to drugs of plant origin, which, compared to synthetic
drugs, are safer under the conditions of long-term use for patients of different age categories and in the
presence of concomitant chronic diseases [5, 6, 10, 11].

For the past ten years, the Department of Pharmacology and Drug Technology of the Odesa I.1.
Mechnikov National University has been engaged in researching the pharmacognostic composition of
medicinal plants of Ukraine, selecting optimal conditions for the extraction of plant raw materials with
maximum preservation of biologically active substances, studying the pharmacological activity of plant
extracts and creating herbal preparations based on them within the framework of the department's research
project.

Our previous studies have shown that medicinal plants' phytochemical composition and ratio
provide plant extracts with certain types of pharmacological activity. The study of the chemical
composition and pharmacological activity of individual medicinal plants allows the subsequent creation of
herbal preparations by combining different types of plants, which contributes to the expansion of the range
of pharmacological action and effectiveness of the drug, both under conditions of oral administration and
transdermal use [7-8].

The purpose of the study was to establish the antinociceptive and antiexudative effect of a complex
herbal preparation for the treatment of somatic pain and inflammation of various genesis under the
conditions of transdermal administration.

Materials and methods. Experimental studies were carried out on white non-linear rats and mice,
which were kept on the standard diet of the Odessa I.I. Mechnikov National University vivarium with free
access to food and water [1, 4]. Commission on Bioethics of the Odesa I.I. Mechnikov National University
established that the performed scientific research on experimental animals meets the ethical requirements
according to the order of the Ministry of Health of Ukraine No. 231 dated November 1, 2005. The study
was carried out in accordance with the principles of the Declaration of Helsinki, adopted by the General
Assembly of the World Medical Association (2000), the Convention of the Council of Europe on Human
Rights and Biomedicine (1997), the relevant provisions of the WHO, the International Council of Medical
Scientific Societies, the International Code of Medical Ethics (1983), General ethical principles of
experiments on animals, approved by the First National Congress on Bioethics (Kyiv, 2001) in accordance
with the provisions of the European Convention for the Protection of Vertebrate Animals Used in
Experiments and Other Educational Purposes (Strasbourg, March 18, 1986) [4].

The object of research was a herbal preparation developed at the department, with the conventional
name “Prodar”, which included plant extracts: Juglans nigra L. (black walnut), Acorus calamus L.
(Calamus vulgaris), Styphnolobium japonicum L. (Sophora japonica) and Zingiber officinale L. (regular
ginger) in a ratio of 7:3:4:1, respectively. The herbal preparation was made as an ointment for transdermal
administration. The ointment base for the herbal preparation was made from polyethene glycol-1500,
polyethylene oxide-400 and 1,2-propylene glycol in a ratio of 3:4:2, respectively.

To study the antinociceptive effect of the herbal preparation, thermal (“Tail-immersion test in rats”
and “Hot plate”) and chemical (formalin test) pain models were chosen, according to the methods of
preclinical study of medicinal products [1]. Transdermal administration of the herbal preparation in all pain
models was performed 15 minutes before the start of the experiment. Anesthesin ointment (produced by
JSC “Lubnyfarm”) was used as a comparison drug.

Anti-exudative activity was studied on zymosan and trypsin models of inflammation. Dolgit cream
(manufactured by Dolorgit GmbH and Co. KG) was chosen as a comparison drug [1, 3, 7].

For each inflammation model, 4 groups of animals with 10 individuals each were created: Group
1 — control; Group 2 — received ointment base applications; Group 3 — received a complex herbal
preparation; Group 4 — drug-comparison Dolgit cream.

The dynamics of changes in the inflammatory process were evaluated before administering the
inflammatory inducer and after introducing the phlogogenic agent by measuring the volume and thickness
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of the affected limb. The herbal preparation was applied after each measurement in a dose of 150 mg/cm?
to the surface of the affected limbs. Volume increase (1) and anti-exudative activity were calculated for all
groups of animals.

The volume increase (VI) of the limb was calculated according to the formula:

VI = ((0O-I)/I) * 100

Where: V is the volume of the paw after the administration of the inflammatory inducer;

I — is the volume of the paw before administering the inducer.

Antiexudative activity (AA) was calculated according to the formula:

AA =100 —(((V-D/L)/((V-D/1¢))) * 100
where: AA — antiexudative activity;
s — study group;
¢ — control group.

Methods of statistical analysis processed all the obtained data generally accepted in medical and
biological research using standard computer program packages. Mathematical processing included
calculations of arithmetic mean values (M) and their errors (+fm). Reliability between-group differences in
the pain response threshold indicator's values were established using the Student's parametric t-test, the
Wilcoxon rank-sum test, the Mann-Whitney criterion, and the one-factor analysis of variance (ANOVA)
method. Differences were considered statistically significant at the level of p<0.05. Before applying
parametric criteria, the hypothesis of the normal distribution law of random variables was tested [2].

Results of the study and their discussion. According to the study results, the latent period in
animals of the control group in the “Hot plate” test was 7.3 s on average, while in the “Tail-
immersion test in rats”, — it was 9.9 s. Similar parameters were observed in the animals that received
applications of the ointment base.

Transdermal administration of a test sample of a complex herbal preparation effectively reduced
the threshold of nociceptive response to thermal irritation in animals, both in the “Tail-immersion test in
rats” test (15.4+0.9 s) and in the “Hot plate” test (17.7+1.2 s.), which exceeded the indicators of the control
group by 110.9 % and 78.8 %, respectively. It should be noted that the effectiveness of the herbal
preparation did not significantly differ from the comparison drug.

The next stage of our study was to establish the analgesic activity of a complex herbal preparation
in a formalin-induced test, which is the registration of the nociceptive response of rodents to the induction
of pain caused by formalin tissue damage (somatic deep pain).

According to our studies, it was shown that in the formalin test, the prototype of the herbal
preparation significantly (p<0.05) reduced the manifestations of pain response compared to the control by
45.2 % in the first phase and 68.6 % in the second phase. It should be noted that in the second phase of the
experiment, the nociceptive activity of the drug significantly (p<0.05) exceeded even the indicators of the
comparison drug — Anesthesin (58.943.5) and amounted to 31.4 % in relation to the control (Table 1).

Table 1
Analgesic activity of the experimental sample of the herbal preparation on thermal
and chemical models of pain
) ) Animal groups
Pain models Studied parameters
1 2 3 4
Latent period, seconds 7.3+0.6 7.5+0.4 15.4+0.9* 16.1£1.2%*
Tail-immersion test in rats | i1 % to control 100 102.7 210.9%* 220.5*
Latent period, seconds 9.9+0.8 9.5+£0.6 17.7£1.2% 17.3£1.5%
Hot plate test in % to control 100 95.9 178.8%* 174.7*
Reaction time, s 65.3+4.1 67.5+5.6 35.84£2.5% 29.542.2%*
Phase I in % to control 100 103.4 54.8%* 43.7*
Reaction time, s 177.3+8.1 176.0+9.6 55.7+4.4* 58.9+3.5%
Formalin-induced pain test | ppace 1 in % to control 100 99.2 31.4% 33.2%

Note: * — statistically significant difference compared to the control group (p<0.05).

The next stage was studying the antiexudative activity of the herbal preparation on zymosan and
trypsin models of inflammation.

On the model of trypsin inflammation, in all groups of animals, during the first three hours after
the phlogogen administration, the development of a local inflammatory reaction was noted, where the

226



ISSN 2079-8334. Céim meouyunu ma odionozii. 2023. Ne 3 (85)

increase in the volume and thickness of the affected limbs were, on average 42 % in relation to the initial
indicators (Table 2, Fig. 1).

In the groups of animals that received transdermal applications of the complex herbal preparation
and the comparison drug, an accelerated reduction of the inflammation centre was recorded from the 6th
hour of the experiment with an approximation of morphological parameters of the affected limbs to the
initial values at 24 hours, in contrast to the first and second groups of animals. The antiexudative activity
of the herbal preparation at the 24th hour of the experiment was 67 % (p<0.05), and that of the comparison
drug was 78.5 % (p<0.05) in relation to the control (Table 2).

Table 2
Antiexudative activity of a complex herbal preparation on the model of trypsin
and zymosan inflammation
Trypsin inflammation | Zymosan inflammation
No. Group Observation time (hours)
1 3 24| 1 | 3 24
Increase in volume, in % to the initial values
1 Control 384433 41.5+3.9 29.6 £2.1 75.7 £6.7 72.44+6.9 42.3+3.9
2 Ointment base 39.2£3.8 434443 28.9 £2.7 75.2+5.5 70.6+6.8 41.8+4.3
3 ;f;’jf;i’;frbal 38.843.8 427443 i(l)';* 75.96.1 66.4+5.9 8.240.5%
4 Dolgit cream 38.6+2.9 40.4£3.6 6.3+0.5* 76.3+6.9 52.3+4.2% 14.5£1.1%*
Antiexudative activity in % relative to the control
3| "Prodar”herbal -} - 67+4.7* - 43+02 65.2+6.1%
preparation
4 Dolgit cream - - 78.545.6% - 12.2+1.1 58.3+4.9%

Note: * — statistically significant difference compared to the control group (p<0.05).

The registration of the thickness of the affected limbs of rats, similar to the volume results,
indicated a pronounced anti-inflammatory activity of the herbal preparation already after the first
application, with a further effect after each repeated application to the focus of inflammation (Fig. 1).

The most pronounced effect of the

E 2 herbal preparation was noted, according
5 to the thickness of the limbs of the
2 8 animals, from the sixth hour of the
g 75 experiment, when it was possible to
= 7 visually note the reduction of redness
:é 6,5 X and swelling of the limbs. During the 9th
E ¢ i i and 24th hours of the experiment, the
T s ¥l 1 animals moved freely in the cage and
S s i : : calmly responded without twitching to

b Output 1 3 6 9 2 repeated applications of the ointment.
data Time, hours Against the background of trypsin
——Control —#-Ointment base inflammation, the indicators of the
Prodar (herbal preparation) —>Dolgit cream thickness of the affected limbs of animals

Fig. 1. Thickness of the affected limbs of rats (mm) after trypsin injection that received the experlmental sample of
(M:tm, n=10). Note: * — statistically significant difference compared to the control ~ the herbal preparation were somewhat

group (p<0.05). inferior to the action of the comparison
drug — Dolgit cream. The best anti-exudative activity of the complex herbal preparation was noted on the
model of zymosan inflammation. Starting from the third hour of the experiment, the volume and thickness of
the affected limbs of the animals decreased with a subsequent tendency to return to the initial results (Table 2,
Fig. 2).

At 24 hours, the volume increase in the third group was 8.2 % relative to baseline values, and the
anti-exudative activity was 65 % (p<0.05) relative to the control, while in the comparison group, it was
14.5 % and 58.3 %, respectively.

The inflammatory process was observed throughout the experiment in the control animals that did
not receive basic treatment and in the group that received an ointment base. The animals of these groups

227



ISSN 2079-8334. Céim meouyunu ma odionozii. 2023. Ne 3 (85)

could not step on the affected limbs, where the induced swelling had a high temperature and a distinct red
color for two days after the end of the experiment.

Registration of the thickness of the affected limbs of the animals showed that the herbal preparation
after the first application contributed to the reduction of edema and the restoration of indicators, and starting
from the sixth hour and during the following measurements, the effectiveness of the product, even exceeded
the effect of the comparison drug. At 9 and 24 hours, the thickness of the affected limbs of the animals
decreased by 12 % and 8 %, respectively, compared to Dolgit cream and by 22 % and 18 % compared to
the control group (Fig. 2).

It should be noted that, according to the morphological parameters (thickness and volume) of the
animal limbs, the studied sample of the herbal preparation exceeded the anti-inflammatory activity of the
comparison drug, which positions the drug as a lipoxygenase inhibitor.

Thermal and chemical models

10 . . .
g of pain are the basis for studying
E 9 antinociceptive activity in drugs
= that suppress somatic superficial
2 8 pain (in case of damage to the skin
§ 7 on thermal tests) and deep acute
'E pain caused by a chemical stimulus
-g 6 — formalin. According to our study,
i it has been proven that the complex
g S herbal preparation can effectively
FA Output 1 3 6 9 24 .
£ data Time. hours | lOWer the pain threshold on thermal
< ) models of pain, which indicates the
—o—Control —#-Qintment base . . .
activity of the remedy in superficial
Prodar (herbal preparation) —>Dolgit cream somatic types of pain and does not

Fig. 2. Thickness of affected limbs of rats (mm) after zymosan injection (M+m, Signiﬁcanﬂy differ from the action
n=10). Note: * — statistically significant difference compared to the control group of the comparison drug. In the

(p=0.05). formalin test, the activity of the
herbal preparation was higher in the study's second phase than in the first. This indicates a moderate effect
of the agent on nociceptors, which are activated in the first phase, and a pronounced effect on the
inflammatory process in the second phase of the test. Transdermal administration of the herbal preparation
in the second phase of the formalin test affects the functions of the neurons of the posterior horns of the
gray matter of the spinal cord, where the neurons of the pain ascending pathways lie. Therefore, the
presence of anti-inflammatory and pain-relieving effects of the herbal preparation was noted in the animals
of this group.

To establish in more detail the antiexudative effect of the complex herbal preparation and the
mechanism of action, a study was conducted on trypsin and zymosan models of inflammation. It is known
that the trypsin inflammation model belongs to the group of short-acting inflammatory processes. Trypsin
as a phlogogen leads to the activation of protein-activating 2-receptors, which leads to the synthesis of
cyclooxygenase-2. Zymosan can disorient and translocalize phospholipid membranes, which provokes
calcium flow into the cell and hydrolysis of membrane phospholipids, resulting in the release of arachidonic
acid along the lipoxygenase pathway of metabolism with the formation of leukotrienes and other products
of the inflammatory process [1, 3, 7].

As a result of the study, it can be concluded that the herbal preparation is an effective means of
correcting nociceptive somatic pain and exhibits quite pronounced anti-inflammatory activity on the model
of zymosan and trypsin edema, affecting the leukotriene and prostaglandin phases of inflammation due to
the presence of a complex of biologically active compounds in the composition of medicinal plants. The
trypsin model of inflammation shows that the herbal preparation not only inhibits the cyclooxygenase
pathway of arachidonic acid metabolism, which leads to a decrease in the synthesis of prostacyclin
prostaglandins and inhibits the release of inflammatory mediators by leukocytes but is also capable of
influencing the activation of protein-activating 2-receptors.

Thus, a pilot sample of a complex herbal preparation for transdermal use is a promising tool for
further study and introduction into therapy as an adjuvant for nociception of somatic and inflammatory
origin.
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1. The complex herbal preparation demonstrates a pronounced antinociceptive effect in the therapy
of somatic pain, both in case of damage to the skin by thermal irritants (by 110.9 % and 78.8 % (p<0.05))
and in conditions of deep acute pain induced by a chemical phlogogen (by 45.2 % in phase I and by 68.6 %
in phase II (p<0.05)).

2. The experimental sample of the herbal preparation shows a pronounced reliable (p<0.05) anti-
exudative effect on the models of trypsin (67 % compared to the control) and zymosan (65.2 % compared
to the control) models of inflammation, which indicates the ability of the complex of biologically active
substances included in the product to inhibit inflammation on the cyclooxygenase and lipoxygenase
pathways of metabolism.

3. The established antinociceptive and antiexudative activity of the complex phytopreparation
justifies conducting further pre-clinical and clinical studies to expand the indications for using the
investigated drug.

Prospects for further research consist in the continuation of scientific work to establish all possible pharmacokinetic
and pharmacodynamic interactions between the components of the herbal preparation and the features of its use in complex
pharmacotherapy of pain of somatic and inflammatory origin.
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