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Experimental studies on the antiexudative activity of Ononis spinosa L. extract were conducted in models of trypsin and
zymosan-induced inflammation. To assess the activity of the plant extract, ointments of varying concentrations (1.5 %, 2.5 %,
3.5 %) in terms of polyphenolic compounds were prepared for transdermal application. According to the study's results, the 3.5 %
ointment exhibited the most pronounced anti-exudative effect, effectively suppressing the focus of inflammation and contributing
to an accelerated reduction in the morphological indicators of the affected limbs in rats. The ointment with Ononis spinosa L.
extract did not differ significantly, but was not inferior in effect to the comparison drug - Dolgit cream. The obtained data indicate
the feasibility of using Ononis spinosa L. extract in the treatment of inflammatory processes, particularly those of infectious origin.
The identified pharmacological activity justifies the need for further preclinical and clinical studies. The results obtained may serve
as the basis for the development of effective local anti-inflammatory agents of plant origin.

Key words: antiexudative effect, inflammation, Ononis spinosa L. extract.
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OLIHKA AHTUEKCYJIATUBHOI J1i MA3I 3 EKCTPAKTOM ONONIS SPINOSA L.
HA MOJEJISIX 3AITIAJIEHHS PI3BHOT'O TEHE3Y

IIpoBeneHO ekcCrIIepUMEHTAIbHI TOCTIIPKEHHS aHTHEKCYJaTHBHOI aKTUBHOCTI ekcTpakTy Ononis spinosa L. Ha Mogemsix
TPUIICHHOBOTIO Ta 3MMO3aHOBOTO 3allajIcHHsI. 3 METOIO OL[IHKK aKTUBHOCTI POCIIMHHOTO €KCTPAKTY OyJIM BUTOTOBJICHHI Ma3i Pi3HUX
koHnentpaniit (1,5 %, 2,5 %, 3,5 %) B nepepaxyHKy Ha MoOdipeHONBHI CIOMYKH JJS TPAHCACPMAILHOTO HAHECCHHS. 3TiJHO
PpEe3yJIBTaTiB AOCII/KCHHS BCTAHOBIICHO, 1110 HAHOLIBII BUpaXKeHy aHTHEKCYIaTUBHY Jito nposiisuia 3,5 % masb, ska e(heKTHBHO
NPUTHiYYBaja 0CEPEIOK 3aMajICHHs Ta CIPUsIa MPULIBUALICHOMY 3MEHILIECHHIO MOP(OJIOriYHNX TOKa3HHUKIB YPa)KEHHX KiHLIBOK
mypiB. Masb 3 ekctpakrom Ononis spinosa L. cyTTeBo He Binpi3HsIach, Ta He MOCTyNanach Aii npenapary HOpiBHAHHA — JlonriT
kpeMmy. OTpuMaHi JaHi CBiIUaTh NPO JOLUIBHICTh BUKOPHUCTAHHS eKcTpakTy Ononis spinosa L. y Tepamii 3anansHux mporecis,
30KpeMa iH(EKIIIHO-0M0CepPEeAKOBAaHOTO IeHe3y. BusBieHa ¢apmakonoriuda akTHBHICT OOIPYHTOBYE MOTpeOy B MOTAIBIIMX
JOKITIHIYHHX 1 KIHIYHUX DochikeHHsAX. OTpUMaHi pe3yabTaTH MOXKYTh CTaTH OCHOBOIO ISl CTBOPEHHS €(pEKTHBHHUX MiCIIEBUX
HPOTH3aNATIBHUX 3aC001B POCIMHHOTO ITOXOKEHHSI.

KurouoBi cjioBa: aHTHEKCynaTHBHA [Iisl, 3aNIalICHHS, eKCTpakT Ononis spinosa L.

The study is a fragment of the research project “Pharmacological correction of simulated pathological conditions
through the use of developed drugs”, state registration No. 0122U200545.

Inflammatory processes are among the most common pathological conditions that accompany both
acute and chronic diseases, affecting various organs and body systems. They arise in response to tissue
damage, exposure to toxic substances, infectious agents, or immunological disorders, performing a
primarily protective function. However, in cases of prolonged or excessive inflammation, the development
of severe complications and secondary pathologies is possible.

In Ukraine, the primary means of treating inflammation remains synthetic pharmacological drugs,
in particular non-steroidal anti-inflammatory drugs (NSAIDs), the effectiveness of which, however, is often

© 0.0. Nefodov, L.V. Eberle, 2025 188



ISSN 2079-8334. Céim meouyunu ma odionozii. 2025. Ne 2 (92)

accompanied by numerous adverse reactions, especially with prolonged use. In this regard, a pressing task
for modern pharmacology and pharmacy is the development of new, safe drugs of natural origin,
particularly herbal preparations, which are characterized by lower toxicity, good tolerability, and a
comprehensive therapeutic effect.

One of the promising sources of such remedies is the medicinal plant Ononis spinosa L. (spiny
wolfberry), a member of the Fabaceae family, which has been widely used in folk medicine across many
European countries [5, 7, 9—11].

Ononis spinosa L. is a promising object of phytochemical and pharmacological research due to its
multi-vector therapeutic action and rich phytochemical composition. The plant contains a whole complex
of biologically active compounds [5, 6, 9, 10]: flavonoids (quercetin, kaempferol), isoflavonoids
(formononetin, onogenin), triterpenes (a-onocerin), phenolic acids (caffeic, ferulic), essential oils, and
tannins, etc. Due to this combination of compounds, the plant exhibits anti-inflammatory, analgesic,
antioxidant, diuretic, and antispasmodic activity [4, 7, 11]. Expanding the scientific base on this plant will
contribute to its introduction into modern pharmaceutical practice as a source of safe and effective
medicines.

The purpose of the study was to investigate the anti-exudative activity of ointments with varying
concentrations of Ononis spinosa L. extract in various inflammation models.

Materials and methods. Experimental studies were conducted on sexually mature, non-linear,
white rats maintained on a standard vivarium diet with free access to food and water. The Bioethics
Commission of the I.I. Mechnikov ONU has established that the scientific research conducted on
experimental animals meets the ethical requirements as per the order of the Ministry of Health of Ukraine
No. 231 dated November 1, 2005. The studies were carried out by the principles of the Declaration of
Helsinki, adopted by the General Assembly of the World Medical Association (2000), the Council of
Europe Convention 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), the
“General Ethical Principles of Experiments on Animals”, approved by the First National Congress on
Bioethics (Kyiv, 2001) under the provisions of the “European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Educational Purposes” (Strasbourg, 18.03.1986) [3].

The object of the study was Ononis spinosa L., which grew in the botanical garden of the L.I.
Mechnikov ONU. The plant raw materials were extracted with a 70 % water-ethanol mixture at a raw
material to solvent ratio of 1:8 in a Soxhlet apparatus (for 4 hours). For screening studies of the
antiexudative properties of the plant extract, a series of ointments of different concentrations (0.5, 1.5, 2.5,
3.5 %) were created in terms of the sum of polyphenolic compounds. Polyethylene glycol (PEG) 1500,
polyethylene oxide (PEO) 400, and 1,2-propylene glycol (PG), in a ratio of 4:2:3, were chosen as the
ointment base.

Antiexudative activity was studied in zymosan and trypsin inflammation models. The
inflammatory reaction was induced by subplantar injection of phlogogens under the plantar aponeurosis of
the hind limb of the animals: 0.1 ml of 0.5 % aqueous trypsin solution for the trypsin model and 0.1 ml of
2 % zymosan solution to reproduce the zymosan model. A 5 % ibuprofen ointment — Dolgit cream
(Manufacturer: DOLORGIT GmbH & Co.KG, Germany) was chosen as the comparison drug [1, 8].

For each inflammation model, 6 groups of animals, 10 individuals each, were created:

1. group of animals — control (without baseline treatment);

2. received applications of ointment base;

3. group of animals — received applications of 1.5 % ointment with Ononis spinosa L. extract.

4. group of animals — 2.5 % ointment with Ononis spinosa L. extract.

5. group of animals — 3.5 % ointment with Ononis spinosa L. extract.

6. group of animals — received transdermal applications of the comparison drug 5 % ibuprofen
ointment (Dolgit-cream).

The dynamics of changes in the inflammatory process were assessed before the administration of
the phlogogen and 1, 3, 6, 9, and 24 hours after the administration of the phlogogenic agent by measuring
the volume and thickness of the affected limb. Ointments with Ononis spinosa L. extract were applied
immediately after phlogogen administration and after each measurement at a dose of 100 mg/cm? of the
surface of the affected limbs. Volume gain and antiexudative activity were calculated for all animal groups
[1].

All obtained data were processed using generally accepted statistical analysis methods in
biomedical research using standard computer software packages. Mathematical processing included
calculations of arithmetic mean values (M) and their errors (+fm). The significance of group differences in
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the pain threshold was determined using the parametric Student's t-test, the Wilcoxon Rank-Sum test, the
Mann-Whitney test, and the one-way analysis of variance (ANOV A) method. Differences were considered
statistically significant at a level of p<0.05. Before applying parametric criteria, the hypothesis of a normal
distribution of random variables was tested [2].

Results of the study and their discussion. The results of the study showed that subplantar
administration of trypsin phlogogen caused the development of inflammation in all experimental groups,
with peak values of tissue volume and thickness increase at the third hour after induction (Table 1, Fig. 1).

The most intense and prolonged inflammatory process was observed in the control group and in
animals treated with the ointment base and 1.5 % ointment containing Ononis spinosa L. extract, as
confirmed by similar morphological characteristics of the affected tissues.

Among the studied concentrations of ointments based on Ononis spinosa L. extract, the best
antiexudative effect was observed with the highest concentration of the ointment. Namely, 3.5 % ointment,
which, starting from the 6th hour of the experiment, contributed to a decrease in the volume of the affected
limbs of the animals and subsequently contributed to their return to the limits of the physiological norm.
The results of the antiexudative activity of the 3.5 % ointment based on Ononis spinosa L. extract (74.6 %)
at 24 hours of the experiment were similar to those of the reference preparation (76.3 %), confirming the
high effectiveness of the selected ointment sample.

Table 1
Antiexudative activity of ointments with Ononis spinosa L. extract in a trypsin inflammation model

Observation time
No. Group 1 | 3 | 6 | 9 | 24
Volume increment, in % of initial values
1 Control 36.843.1 | 44.6+4.2 42.8+4.7 39.343.1 32.743.5
2 Ointment base 37.4+£3.4 44 .943.6 43.244.1 41.443.9 34.6+£3.3
3 Ointments with 1.5 % ointment | 37.8432 | 45.2+4.2 42.7+3.9 40.3+3.7 33.5+3.4
4 Ononis spinosa L. [ 2.59% ointment | 38.1+3.5 | 43.4+4.8 39.7+£3.6 36.3£3.4 27.242.9
5 extract 3.5 %ointment | 37.9433 | 42.5+4.1 37.4+3.4 31.3+3.4 11.6+1.7*
6 Dolgit cream 384435 | 42.6+4.6 36.843.7 29.6+2.3% 9.8+0.7*
Antiexudative activity in % relative to the control

3 Ointments with 1.5 % ointment - - - - -

4 Ononis spinosa L. | 2.5 % ointment - - 1.4+0.3 2.240.2 2.5+0.3
5 extract. 3.5 % ointment - 1.2+0.2 13.1+1.4 17.6+1.3* 74.6+4.2%
7 Dolgit cream - 1.240.1 14.7+1.5 18.5+1.4% 76.3+3.9%

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

Similar dynamics were observed when measuring the thickness of the affected limbs of animals.
Among all the studied samples of ointments based on Ononis spinosa L. extract, the 3.5 % ointment
demonstrated the most pronounced anti-inflammatory effect (Fig. 1).

The use of 3.5 % ointment, as well as the comparator drug, administered immediately after the
phlogogenic agent, resulted in a reduction in the inflammatory reaction as early as the third hour of the
study. Later, at the 6th, 9th, and 24th hours of the experiment, the animals showed a gradual decrease in
the thickness of the inflamed areas, indicating suppression of the exudative process. Statistical analysis
confirmed the significance of these changes compared to the control group (p<0.05).

On the other hand, in the groups where the ointment base was applied, as well as in the groups
treated with 1.5 % and 2.5 % ointments, changes in the morphometric parameters of the limbs did not differ
significantly from the control values, indicating the absence of a significant effect on the course of the
inflammatory process.

The study of the effect of antiexudative activity on the zymosan inflammation model showed that
the maximum increase in morphological indicators of the affected limbs of animals was observed in the
first hour of the experiment and contributed to an increase in limb volume by an average of 65 % compared
to the initial values (Table 2).

Starting from the 3rd hour of the study and during subsequent observation time points, a gradual
decrease in the intensity of the inflammatory process was observed in all experimental groups. However,
in the control group, as well as in animals treated with the ointment base and 1.5 % ointment containing
Ononis spinosa L. extract, the dynamics of inflammation reduction were similar and exhibited inflated
morphometric indicators, indicating a lack of significant therapeutic efficacy compared to other groups.

In groups 5 and 6 of animals, the most pronounced anti-exudative activity was observed, and the
applied preparations demonstrated a gradual decrease in the increase in the volume of the inflammatory
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focus. At 9 and 24 hours of observation, the antiexudative activity of 3.5 % ointment was 57.6 % and
41.6 %, while that of the comparator was 36.8 % and 53.1 % (p<0.05), respectively. The obtained data
indicate statistically significant effectiveness of both agents (Table 2).

It should be noted that at the end of the experiment, Dolgit cream demonstrated slightly higher
activity, i.e., it was more effective at the later stages of the experiment, while the ointment based on Ononis
spinosa L. extract showed a more pronounced effect at the beginning of the study, namely at 6 and 9 hours
(Table 2, Fig. 2).

Table 2
Antiexudative activity of ointments with Ononis spinosa L. extract in a zymosan inflammation model
No. Group Observation time
1| 3 | 6 | 9 | 24
Volume increment, in % of initial values
1 Control 64.7£5.2 60.6£5.7 52.4+5.9 46.8+3.7 41.24+4.2
2 Ointment base 65.2+£5.4 59.7+4.2 53.6+4.7 459433 40.843.5
3 Ointments with [ 1.5 % ointment | 66.4+6.1 62.9+5.7 53.4+5.0 46.3+4.1 41.6+3.9
4 | Ononis spinosa | 2.5 % ointment | 65.7+4.3 57.3+4.2 39.6+4.2 29.7+2.6* 32.443.6
5 L. extract 3.5 % ointment | 66.3+5.3 50.7+5.8 28.7+2.5% 20.6+2.7 15.0+1.1*
6 Dolgit cream 64.2+4.6 53.94+4.3 30.1+3.8%* 23.7+2.1% 8.4+0.6*
Antiexudative activity in % relative to the control

3 Ointments with | 1.5 % ointment - - - - -
4 | Ononis spinosa | 2.5 % ointment - - 10.6+1.2 22.8+1.4 9.4£1.1
5 L. extract. 3.5 % ointment - 16.3+1.2 33.4+3.7 57.6+4.3% 41.6+3.9%
7 Dolgit cream - 22.2+2.5 35.2+3.4 36.8+£3.1%* 53.1+4.7*

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

Assessment of antiexudative activity based on the thickness of affected limbs in rats in the zymosan
inflammation model showed that a significant reduction in inflammation (p<0.05) was observed in the
groups where 3.5 % ointment based on Ononis spinosa L. extract and Dolgit cream were used. A decrease
in the thickness of affected limbs was observed already at the 9th hour of the experiment. This effect
persisted for up to 24 hours, indicating a prolonged impact of the products.

180 1 180
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140 -
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=)

120

100

Thickness of the affected limb in % of
Thickness of the affected limb in % of baseline

Initial 1 3 6 9 24
values Research time
100
—e—Control —o—1.5 % ointment =e=2.5 % ointment Initial values 1 3 6 9 b2
=o=—3.5 % ointment =e=Dolgit cream =e—Control —e=1.5 % ointment 2.5 % ointment —e=3.5 % ointment —e=Dolgit cream
Fig. 1. Thickness indicators of affected limbs (in %) to Fig. 2. Thickness indicators of affected limbs (in %) to
baseline values in the trypsin inflammation model. baseline values in the zymosan inflammation model.
Note: * — statistically significant difference compared Note: * — statistically significant difference compared to the
to the control group (p<0.05). control group (p<0.05).

Trypsin-induced inflammation is characterized by a serous-exudative response, accompanied by
increased vascular permeability, the activation of mediators (histamine, serotonin, bradykinin, and
prostaglandins), and the migration of neutrophils. The pronounced effect of 3.5 % ointment with Ononis
spinosa L. extract in this model may be due to the ability of its biologically active components to inhibit
cyclooxygenase-2 activity, reduce the secretion and effects of pro-inflammatory compounds, and provide
an anti-exudative local impact. This is the key to treating acute inflammatory processes with a
predominance of exudation.

Zymosan-induced inflammation reflects an immune-dependent acute reaction driven by the
activation of macrophages, neutrophils, and other immunocompetent cells under the influence of -glucan.
This is accompanied by the release of cytokines (TNF-a, IL-1f, IL-6), nitric oxide, and prostaglandins. The
marked reduction in exudation under the influence of 3.5 % ointment may indicate a potential
immunomodulatory or immunosuppressive activity of the extract, targeting the early stages of the
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inflammatory response. This effect demonstrates its ability to influence cytokine-dependent mechanisms
characteristic of systemic and infection-mediated forms of inflammation.

Thus, the study found that 3.5 % ointment with Ononis spinosa L. extract exhibits pronounced
antiexudative activity in models of trypsin and zymosan inflammation, with reductions in the volume of
affected tissues of 74.6 % and 57.6 %, respectively, which is comparable to the action of the comparator
drug - Dolgit cream. Similar results were obtained in a study by Spiegler et al. [9], where isoflavonoids and
triterpenes of O. spinosa reduced the production of pro-inflammatory cytokines (IL-8, TNF-o) and
neutrophil activity. Studies by Ergene Oz et al. [5] also confirmed the anti-inflammatory effect of the
extract when used in topical preparations, reducing vascular permeability and edema. An essential role in
the implementation of the pharmacological effect is played by a-onokerin and formononetin, which have
COX-2-inhibitory properties [7]. In the zymosan inflammation model, the efficacy of the ointment may be
related to the immunomodulatory effects of the extract components, which affect the NF-kB and MAPK
signaling pathways [11]. Thus, the results of the study are consistent with current scientific data on the
anti-inflammatory potential of Ononis spinosa L. and confirm the feasibility of further studying it as a
promising phytocomponent in local anti-inflammatory agents.

Conclusions

1. Experimental study of ointments based on Ononis spinosa L. of different concentrations showed
that the highest antiexudative activity was exhibited by 3.5 % ointment in terms of polyphenolic
compounds under conditions of transdermal application.

2. It was found that 3.5 % ointment significantly (p<0.05) reduced exudation in conditions of
trypsin- and zymosan-induced inflammation, which is essential in the treatment of acute and infection-
dependent inflammatory processes.

3. The study's results, which demonstrate the pronounced antiexudative effect of Ononis spinosa
L. extract, confirm the feasibility of further investigation in preclinical and clinical conditions to expand
its therapeutic indications.

Prospects for further research include continuing studies on Ononis spinosa L. extract and an in-
depth examination of the mechanisms underlying its anti-inflammatory action, particularly its impact on
various aspects of inflammation. It is also advisable to conduct preclinical and clinical trials to assess the
effectiveness and safety of the drug in various forms of inflammatory diseases accompanied by exudation.
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