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Carvone and verbenone are natural organic substances that belong to the monoterpene
class terpenoids, which are quite common in nature and are contained in many herbal medicines.
Today, it is quite relevant to study the effectiveness of the anti-inflammatory effect of carvone and
verbenone, as well as to compare their anti-inflammatory action. The effect of carvone and
verbenone on seroglycoids content in rat blood serum and their anti-inflammatory action in the
model of carrageenan-induced inflammation was studied in the work presented. The development
of edema under the carvone and verbenone action against the background of an inflammatory
reaction was evaluated and the results of the increase in the volume of the lesion and the anti-
edematous action of the studied substances were compared, which reflects the process of
suppression of the pathological reaction in animals of the experimental groups compared to the
control one. The study of blood serum seroglycoside content in carrageenan-induced
inflammation revealed a significant suppressive effect of both test substances on increasing the
concentration of seroglycoids (only by 27.5 % and 42.5 %, respectively) at the initial stage of the
pathological process, which may indicate a less active development of the inflammatory process
during this period. The anti-inflammatory action of carvone throughout the study was slightly
better than that of verbenone. Besides, the results of the study on the model of carrageenan-
induced inflammation indicate the effective anti-edematous action of both carvone and verbenone.
The effect of verbenone had a fairly stable anti-inflammatory action throughout the entire period
of the experimental study (from 7.4 % up to 62.4 %). However, the most significant was the anti-
inflammatory action of carvone, especially in the second half of the study (from 28.6% up to
100%). Significant anti-inflammatory action of carvone was established since the first day of the
study, and at the end of the study, the morphological parameters of the affected rats’ limbs
returned to their original state. The obtained study results allow us to state the effective anti-
inflammatory action of both carvone and verbenone.

Keywords: carrageenan-induced inflammation, carvone, verbenone, anti-inflammatory
action.

diginuosa K.A., lllecrakoBa M.B.
JTOCJIIKEHHSI TPOTU3ATAJIBHOI I TEPIIEHOIIIB

Kapson i eepbernon npupoomi opeaniumi pedosuH, AKi BIOHOCAMbCA 00 MepneHoidis
MOHOMEPNEHOB020 PsidY, U0 OOCUMb NOUWUPEHI Y NPUPOOi i MICMAMbCsl 8 OA2amvox NKAPCbKUX
npenapamax PpociuHHo20 NoxooddceHHs. Ha cb0200Hi € Oocumv axmyanbHUM OOCHIONCEHHS
epexkmuenocmi  npomuzanaibHoi Oii KAp8oHy ma BepOeHOHY, a MAKoNC NOPIGHAHHA iX
npoOMuU3analbHoi akmuenocmi. Y pobomi 00Cnioxceno 8nius KapeoHy ma 6epOeHoHy Ha 8Michm
cipoenixoidie y cuposamyi Kpogi wjypie ma ix npomu3andaivhy Oil0 HA MOOeNi KappaciHau-
iHOyKo8anoeo 3ananeHusi Kapeowy. IlIpoeedeno oyinKy po36umKy HAOpAKY 3a Oii KapeoHy i
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8epOeHOHY HA (OHI 3ananvbHoi peakyii ma NOPIGHANLHUL AHANI3 pe3YIbmamie npupocmy 00 ’emy
VpasiceHHA i NPpOMUHAOPAKOBOI AKMUBHOCI OOCTIONCYBAHUX PEYOBUH, WO € Bi000OPANCAHHAM
npoyecy NpucHiYeHHs Namoa02iYHOI peakyii y meapuH OOCIIOHUX 2pYN, 6 HNOPIGHAHHI 3
KOHMPOAbHOW 2pynoto. B Xxo0i odocnidxcenns emicmy cipo2nikoioie cuposamku Kpogi 3d
KappaziHan-iH0yKo8aHo20 3anaieHus 0y10 6CMAHOBIeHO 3HAYHY HPUSHIYYEANbHY O0il0 00U0BOX
00CIOIAHCYBAHUX PEUOBUH W00 30IIbUEHHS KOHYeHmpayil cipoenikoidie (nuwe na 27,5 % ma 42,5
%, 8i0N06IOHO) HA NOYAMKOSIU cmaodii PO36UMK)Y NAMON02IUHO20 NPOYECy, WO MOodHce CEIOUUmMU
npo MeHwl aKMuHUll pO36UMOK 3aNaibHO20 npoyecy 6 yeu nepiod. llpomuzananonuti egpexm
KapB8oHYy 6 X00i 8Cb020 O0CHIONCeHHS OYIuU mpoxu Kpawum, NOPIGHAHO 3 GHIUBOM 6EePOEHOHY.
Takoorc, ompumani pe3yromamu OOCHIOHCEHHSI HA MOOeli KappaciHaH-IHOYKOBAHO20 3aNajeHHs
ceiouamv npo eghekmueHy NpomuHabpsKo8y aKmuseHicmv 1 Kapeowy, i eepbeHoHy. Bnaug
6epOeHoHy Mmae oocumb CMAOIIbHULL NPOMUZANATbHUL edeKm NpomsacoM 6Cb020 Nepiody
eKcnepuMenmanbHo2o oocaiodxcenns (6i0 7,4 % oo 62,4 %). Ta mnaibinew cymmesoio 0Oyia
npoOMuU3anaibHa Ois Kapeomy, ocooIuso 8 opyeitl nonosuni 0ociiodxcenns (6i0 28,6 % oo 100 %).
3nauna npomusananbHa aKMUSHICMb KAPEoH)y OVIa 6CMAHOBIEHA 3 NEPULO20 OHA O0CTIONCEHH S, a
nio KiHeyb — CNOCMEPIeaNocs NOBEPHEHHS MOPEHONOCIUHUX NOKAZHUKIG YPAXCEHUX KIHYIBOK Wypi6
00 e6uxionozo cmawny. Ompumani pe3yrbmamu OOCHIOHNCEHH O00380AI0Mb 2080PUMU  NPO
epexmury npomu3anaibHy aKmMueHICMby sIK KAPEOHY, MAK i 6epOEHOHY.

Knrouosi cnoea: xappacinamn-indykosane 3anaienHs, KAp8oH, 8epOEHOH, NPOMU3ANALbHA
oiA.

Carvone and verbenone are natural organic substances that belong to the
monoterpene class terpenoids, which are quite common in nature. They are
especially abundant in plants. Biologically active substances are less toxic than their
synthetic counterparts, so they cause significantly fewer adverse reactions.
Currently, there are many herbal medicines based on terpenes and terpenoids that
can simultaneously exhibit significant biological activity and, to some extent, not
harm organisms.

When analyzing the literature, the most commonly encountered studies are
those on the pharmacological effects and properties of various essential oils
containing mixtures of terpenes and terpenoids, including carvone and verbenone.
Essential oils containing verbenone have anti-inflammatory and antispasmodic
action, possessing analgesic and antiseptic properties [1, 2, 3]. Studies on the effect
of verbenone and its derivatives on various biological processes and living
organisms are also found in the literature [4, 5, 6], however, in a much fewer
number.

Carvone or essential oils with its high content have a fairly wide range of
applications in various industries, especially in medicine. Herbal medicines with a
high carvone content are often used to treat or prevent diseases [7, 8]. Various
pharmaceuticals contain isomeric forms of carvone or its derivatives [9, 10].
Significant antioxidant and anti-inflammatory properties of carvone have been
established [11, 12]. Carvone is used in veterinary medicine as an effective anti-
inflammatory agent for ulcerative colitis [13] and gastrointestinal flatulence [14,
15]. The literature contains many studies of the anti-inflammatory action of carvone,
however, along with its anti-inflammatory action, it can cause the development of
negative side effects [10, 16, 17].
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Thus, today it is quite relevant to study the effectiveness of the anti-
inflammatory action of carvone and verbenone, as well as to compare their anti-
inflammatory action.

The objective of the study was to determine the effect of carvone and
verbenone on seroglycoids content in rats’ blood serum and their anti-edematous
effect on carrageenan-induced inflammation, to compare their anti-inflammatory
action.

MATERIALS AND METHODOLOGY

The studies were conducted on male mature white rats weighing 200-250 g.
The experimental studies were conducted in accordance with requirements of the
European Convention for the Protection of Animals [18] and the guidelines for
animal care [19]. Animals were divided into three groups, control and two
experimental groups, respectively, 6 animals each. A model of carrageenan-induced
inflammation was created in rats, against which the development of an
inflammatory response was monitored in animals of the control group during the
study (control). Animals of the first experimental group were orally administered 1
ml of verbenone solution once a day, and animals of the second experimental group
were administered 1 ml of carvone solution at a dosage of 100 mg/kg.

Carrageenan-induced inflammatory process in rats was modeled by a single
subplantar injection of 0.1 ml of 0.2 % carrageenan solution under the plantar
aponeurosis of the back left paw of the animal. The first injection of the studied
carvone and verbenone solutions was performed before the development of an
inflammatory reaction after the phlogogenic agent administration. To evaluate the
development of edema, the method of measuring the volume of animals' paws using
a plethysmometer before the phlogogenic agent administration (baseline data), at the
time of the maximum development of the inflammatory response (6 hours after the
carrageenan administration) and every 24 hours during 6 days of the study, was used
[20, 21]. The results of the experimental study of the volume of the affected limbs
were expressed as a percentage relative to the baseline indicators (intact animals).
The relevant formulas were used to calculate the volume gain and decongestant
effect [22]. The seroglycoids content in the blood serum of rats was determined
using a standard set of reagents "FDelicid" (for determination of blood serum
seroglycosides by the turbidimetric method). The seroglycoids content was
determined in units of turbidity (S-H) using the data of the calibration graph [23].

Statistical processing of the study results was performed using the Student's
coefficient [24].

RESULTS AND DISCUSSION
The carrageenan-induced inflammation model is one of the methods for
reproducing the experimental inflammatory process. Seromucoids are complex acidic
glycoproteins, which include a carbohydrate component, and are acute-phase
proteins, long-known markers for prognosis and course of various diseases.
Seroglycoids content in blood serum can rise sharply even before other signs of the
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pathological process appear and indicate the development of inflammation of various
etiologies. It is known from the literature that seroglycoids can be quite sensitive
markers of both acute and chronic inflammatory processes [25, 26, 27, 28], markers
of connective tissue destruction, as they are its normal constituent elements, etc.

Within the course of the study, a sharp increase in the seroglycoids content by
127.5% was observed in the control group from the first day, compared to the
baseline. Subsequently, the increase in seroglycoid content in this group gradually
decreased, but remained significantly high until the end of the study. Thus, in the
middle and at the end of the study, the blood serum seroglycosides content was 60.0%
and 50.0%, respectively, compared with the baseline values (Fig. 1).

An increase in the amount of seroglycoids was also found in the blood serum of
the experimental groups of animals treated with verbenone (group 1) and carvone
(group 2) in carrageenan-induced inflammation, but it had a different developmental
pattern. In the experimental groups, there was no sharp increase in the content of
seroglycoids on the first day of the study, similar to the results of the control group.
Under the condition of carvone and verbenone action on the model of carrageenan-
induced inflammation, the amount of blood serum seroglycoids on the first day of the
study increased by only 27.5% and 42.5%, respectively, compared to the baseline.
However, on the third day of the study, the seroglycoids content in the blood serum of
the experimental group of animals increased compared to the baseline values. Thus,
according to the study results, in the experimental group of animals treated with
carvone for carrageenan-induced inflammation, an increase in the content of
seroglycoides by 105.0% was found, and in the group of animals treated with
verbenone, the increase was 115.0% compared to the baseline, which may indicate a
gradual development and exacerbation of the inflammatory process. On the sixth day
of the study, there was a decrease in the amount of seroglycoids in the blood serum of
the experimental groups under the influence of carvone and verbenone on the model
of carrageenan-induced inflammation and, compared to the baseline, was 37.5% and
45.0% higher, respectively (Fig. 1).

Thus, the study revealed a gradual increase and decrease in seroglycoids
content in the blood serum under both carvone and verbenone effects in the
carrageenan-induced inflammation model. At the beginning of the study, there was
an inhibition of seroglycoids production under the influence of carvone and
verbenone, which may indicate a less active development of the inflammatory
process within this period. If we compare the carvone and verbenone action, it
should be noted that the anti-inflammatory action of carvone in the study was
slightly better compared to the results obtained under the action of verbenone.

At the injection area, after carrageenan administration, the pathological process
Is actively developing, swelling and pain appear rather quickly, due to the active
release of cellular and humoral inflammatory mediators. An increase in the volume of
the affected limbs of rats was recorded within the first hours after exposure to the
phlogogenic factor. On the first day of the experimental study, the volume of the
affected limbs in the control group of animals increased by 68.8 % compared to the
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baseline values. On the second day, the progression of the pathological process and a
further increase in the volume of the affected limbs by 87.5% were observed. Starting
from the third to the fifth day, the swelling of the affected limbs reduced, but
remained consistently high at 50.0% compared to the baseline values. Further
suppression of the inflammatory process was observed on the sixth day of the study.
The affected limbs volume was 25.0% higher copmpared to the baseline values.

B Inflammation ™ Verbenone M Carvone
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Fig. 1. The siroglycoids content in blood serum under the influence of carvone

and verbenone on the model of carrageenan-induced inflammation
Notes: * — degree of reliability of indicators (p<0.05) relative to the control
baseline indicators — data obtained before the phlogogenic agent administration and taken as 100%
1 — 6 hours after the phlogogenic agent administration
3, 6 — every 48 hours during the study

An increase in the volume of the affected limbs was also observed with the
experimental groups of animals that were orally administered 1 ml of 0.2% verbenone
(group 1) and carvone (group 2) solution daily against the background of
carrageenan-induced inflammation. However, the development of an inflammatory
reaction and edema were less pronounced. Thus, within the first two days of the
study, i.e., the acute phase, the increase in the affected limbs volume of the rats in the
first experimental group was 42.5% and 66.3%, respectively, compared to the
baseline. The swelling of the affected limbs in the second experimental group
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increased by only 37.5% and 62.5%, respectively, compared to the baseline values
(Fig. 2).
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Fig. 2. Volume of the affected limbs of animals under the influence of carvone
and verbenone on the model of carrageenan-induced inflammation, in %

compared to baseline
Notes: * — degree of reliability of indicators (p<0.05) relative to the control
0 — before the phlogogenic agent administration (initial data taken as 100%)
1 — 6 hours after the phlogogenic agent administration
2-6 — every 24 hours during the study

A decrease in the inflammatory process was noted on the third day of the study.
The increase in the affected limbs volume in the experimental groups was actually the
same as in the control group and amounted to 50.0% under the action of verbenone
and 56.3% under the action of carvone, compared to the baseline values.

A gradual attenuation of the inflammatory process and a decrease in edema in
animals of the first experimental group treated with verbenone was found in the
second half of the experimental study. The increase in the affected limbs volume on
the fourth, fifth and sixth days was 46.3%, 18.8% and 16.3%, respectively, compared
to the baseline. That is, a more pronounced anti-inflammatory effect of verbenone
was observed on the fifth and sixth days. As to animals of the second experimental
group, which were injected with carvone, the suppression of the inflammatory
response was more pronounced on the fourth and fifth days. The swelling of the
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affected limbs was only 12.5% greater compared to the baseline values. Moreover, on
the sixth day of the study, the affected limbs volume of the experimental animals was
at the level of the baseline values.

The analysis of the study results obtained under the influence of verbenone
suggests that its anti-edematous action was quite good, which was observed
throughout the study period. Thus, on the first day, the anti-edematous action of
verbenone, i.e., the increase in the affected limbs volume with animals of the first
experimental group, compared to the control group, was 38.2%. On the second day of
the study, when the control group showed the greatest swelling of the affected limbs,
the anti-edematous action of verbenone was 24.2%. On the third day of the study, the
swelling of the affected limbs in both groups was the same, and the anti-edema action
was zero. The anti-edematous action of verbenone on the fourth day of the study was
also insignificant and amounted to only 7.4%. But on the fifth and sixth day of the
study, the anti-edematous action of verbenone increased significantly and amounted
t0 62.4% and 34.8%, respectively.

The most significant anti-inflammatory action of carvone was found on the first
day and the second half of the study. Thus, on the first day of the study, the increase
in the affected limbs volume of animals of the second experimental group was 45.5%
lower than in the control one. On the second day, when the control group recorded the
highest increase in the affected limbs volume, the anti-edematous action of carvone
was 28.6%. Starting from the third day and until the end of the study, the anti-
edematous effect of carvone increased significantly and ranged from 75.0 up to
100%. That is, on the last day of the study, the morphological indicators of the
affected limbs returned to their original state, respectively, the anti-edematous action
and efficiency of carvone application was 100%.

The literature sources report a significant anti-inflammatory action of both
verbenone and its derivatives [1, 2, 3, 5, 6], as well as carvone [12, 29]. The anti-
inflammatory action of plant extracts containing verbenone is manifested in a
significant inhibition of lipid peroxidation, suppressed production of nitric oxide and
tumor necrosis factor TNF-o, suppressed expression of nitric oxide synthases and
cyclohexokinase-2, the universal transcription factor NF-xB, which controls the
expression of genes of the body's immune response, apoptosis, and cell cycle [2, 3, 5,
6], and stimulation of a significant increase in the level of interleukin-6, which can act
as an anti-inflammatory cytokine [4]. As for carvone, its effect is associated with a
decrease in the alkaline phosphatase, aspartate aminotransferase and alanine
aminotransferase activity in the blood serum, an increase in glutathione levels, a
decrease in the expression of TNF-a, IL-1 and IL-6, and infiltration of inflammatory
cells [11]. Carvone has an anti-inflammatory action, manifested in the suppression of
bradykinin, histamine, prostaglandin E2, serotonin, interleukin-1 and TNF-a, and
increased glutathione levels [12], as well as a decrease in anti-inflammatory
cytokines, interleukins and other markers of oxidative stress [30] is observed.

The obtained study results on the model of carrageenan-induced inflammation
indicate the effective anti-edematous action of both test substances. The effect of
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verbenone had a fairly stable anti-inflammatory action throughout the entire period of
the experimental study. But the most significant was the anti-inflammatory action of
carvone, especially in the second half of the study. The results of study of the
seroglycoids content in the blood serum under carrageenan-induced inflammation
indicate a significant suppressive effect of carvone and verbenone on increasing their
concentration at the initial stage of the pathological process. The anti-inflammatory
action of carvone throughout the study was slightly better than that of verbenone.

CONCLUSIONS

The obtained study results suggest an effective anti-inflammatory action of both
carvone and verbenone. The study of seroglycoids content in the blood serum under
carrageenan-induced inflammation revealed a significant suppressive effect of both
carvone and verbenone on increasing their concentration at the initial stage of the
pathological process. In the model of carrageenan-induced inflammation on the first
day of the study, a sharp increase in the seroglycoids content by 127.5% was
observed, and under the action of carvone and verbenone - only by 27.5% and 42.5%,
respectively, compared to the baseline values. Subsequently, a gradual increase and
decrease of seroglycoids content in the blood serum was found under both carvone
and verbenone effects, however, the results of the anti-inflammatory action of
carvone in the study were slightly better compared to that of verbenone.

When studying the anti-inflammatory action of verbenone on the model of
carrageenan-induced inflammation, its rather stable anti-edematous action (from 7.4
% up to 62.4 %) was found, which was observed throughout the entire period of the
experimental study and was most pronounced in the acute phase and the period of the
inflammatory process attenuation. However, the most effective anti-edematous
activity was found under the condition of carvone action during carrageenan-induced
inflammation, which ranged from 28.6 % up to 100 %. A significant anti-
inflammatory action of carvone was established since the first day of the study, and at
the end of the study, the morphological indicators of the affected limbs returned to
their original state.
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