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LIQUID EXTRACTS ON THE MODEL OF ADJUVANT-INDUCED

INFLAMMATION

Yurii Boiko, Mohammed Ayat, Irina Boiko, Alexey Shandra

The search for new anti-inflammatory substances is an important area of pharmacology. Plant carotenoids have many
positive biological effects and are of interest as potential anti-inflammatory agents.

The aim. To study the anti-inflammatory properties of extractive carotenoids from fruits of Capsicum annuum L. on the
model of adjuvant-induced inflammation.

Materials and methods. The fruits of Capsicum annuum L. were used as the plant raw material. Carotenoids were ob-
tained by the extractive method. The model of adjuvant-induced inflammation was reproduced in young female rats. The
dynamics of changes in the volume of the inflammatory edema and the total number of blood leukocytes were studied.
Results and discussion. A decrease in edema in nonspecific inflammation was observed on day 15 during the therapy
with carotenoid extracts (41.01£0.08 in treatment group; A1.28+0.08 in control group). For specific inflammation,
edema reduction when using carotenoids occurred on day 30 (40.047+0.015 in treatment group, A0.073+0.012 in con-
trol group). A decrease in leukocytosis occurred on days 20 and 30 of the treatment for non-specific and specific in-
flammation, respectively. The mechanisms of the anti-inflammatory action of carotenoids are presumably associated
with the antioxidant effect and the ability to affect the production of pro-inflammatory cytokines.

Conclusions. Extractive carotenoids from the fruits of Capsicum annuum L. have the anti-inflammatory activity in the
case of adjuvant-induced inflammation. Treatment with Capsicum annuum L. extract reduced inflammatory edema and

total leukocyte count

Keywords: carotenoids; Capsicum annuum L.; adjuvant-induced inflammation

How to cite:

Boiko, Y., Ayat, M., Boiko, I., Shandra, A. (2021). The study of the anti-inflammatory properties of carotenoid liquid extracts on the model of adju-
vant-induced inflammation. ScienceRise: Biological Science, 2 (27), 04-09. doi: http://doi.org/10.15587/2519-8025.2021.235095

© The Author(s) 2021

This is an open access article under the Creative Commons CC BY license

1. Introduction

Pharmacology and pharmaceutical chemistry uses
four priority areas for the development of medicinal sub-
stances:

1) search for new targets and mechanisms of ac-
tion for already known drugs;

2) directed chemical design for the synthesis of sub-
stances with predetermined pharmacological properties;

3) screening among a large number of natural
compounds, banks of chemicals or peptide, nucleotide
and other libraries;

4) modification of already known active mole-
cules [1].

It should be noted that the new pharmacological
compounds allow obtaining only the second or third
route. From the above, it becomes clear that researchers
pay close attention to substances of natural, in particular
plant, origin [2]. Studies of the anti-inflammatory proper-

ties of plant compounds have become especially wide-
spread [3, 4].

Carotenoids are a numerous class of polyunsatu-
rated derivatives of tetraterpenes of plant origin, which
have distinct antioxidant properties [5, 6]. Reduction of
oxidative stress allows the use of carotenoids as sub-
stances that reduce alternative phenomena in the area
of inflammation, namely: carotenoids are a free radical
trap, neutralize reactive oxygen species, and reduce li-
pid peroxidation [6]. A significant amount of carote-
noids is contained in the fruits of Capsicum annuum L.
and depends on growing conditions and degree of
ripeness [7, 8]. Studies of carotenoid extracts from the
fruits of different species of Capsicum have shown
their ability to reduce the total number of reactive ox-
ygen species and free radicals [9]. It should be noted
that the fruits of pepper contain a large number of oth-
er substances with antioxidant activity — chlorophyll
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[7], phenols [10], capsaicinoids [10], vitamins [11].
The effect of carotenoids on inflammatory processes is
not limited to antioxidant action: carotenoids are able
to trap harmful radiation [12], have membrane-
protective properties [13], inhibit the cascade of pro-
inflammatory cytokines [14].

The aim of this study was to investigate the anti-
inflammatory effect of liquid carotenoid extract from the
fruits of Capsicum annuum L. in a model of adjuvant-
induced inflammation.

2. Materials and methods

The study was conducted in the
2019-2020.

Animals. The study was conducted on female rats
weighing 200-240 g from the experimental biological
clinic of Odessa National Medical University, which
were kept at a temperature of 20-22 °C, relative humidi-
ty of 40-50 % and 12-hour world day, with free access to
food and water. The study was performed in accordance
with the recommendations of the European Convention
on Experiments on Animals and approved by the Com-
mission on Bioethics of the Odessa National Medical
University (Minutes of October 10, 2008, No. 84). In ex-
periments with laboratory animals also followed the
“Rules of performance of works using experimental ani-
mals”, approved by the order of the Ministry of Health of
Ukraine No. 249 from 01.03.2012 and the law of Ukraine
No. 3477-1V “On protection of animals from cruel treat-
ment” (as amended from 15.12.2009 and from
16.10.2012).

Obtaining liquid extracts of carotenoids. As a
source of carotenoids used ripe fruits of Capsicum an-
nuum L. variety “Ukrainian Bitter”. The fruits were
air-dried to constant weight, after which the stones and
the green part were removed. The remaining fruit mass
was crushed and filled with acetone (5 °C) in a ratio of
1:20. The obtained extract was filtered through a filter
Ne 4 under a vacuum pump. The filtrate was trans-
ferred to a separatory funnel containing a mixture of
petroleum ether and water. Mixed without shaking, af-
ter which the hydrogen part was removed. The remain-
ing mixture was washed several times with water.
Subsequently, the solution was stored in the dark at a
temperature not exceeding 5 °C. Determination of ca-
rotenoid concentration was performed by spectropho-
tometric method. Before further therapeutic use, the
extract was concentrated at low temperatures
(<40 °C), the resulting concentrate was dissolved in
96° ethyl alcohol. The final concentration of carote-
noids in the alcohol solution was 10 mg / ml.

Experimental model of rheumatoid inflammation.
To induce inflammatory arthritis, all animals under plan-
tar aponeurosis were administered 0.1 ml of complete
Freund's adjuvant under light ether anesthesia. The ani-
mals were then grouped into three groups, 10 animals
each. The first group was experimental and treated with
liquid carotenoid extract. The second group was positive-
ly controlled and treated with a reference drug. The third
group was negatively controlled and did not receive
treatment.

To assess the therapeutic effect, morphological
changes in the area of inflammation were investigated.

period

Biological research

The volume of edema was measured with a digital ple-
thysmometer (37140, Ugo Basile, Italy). The anti-
edematous effect was calculated by the formula:

AE (%)=100 %—(V,/V:*100 %),

where AE — anti-edema effect in %; V, — the average dif-
ference between the volumes of the inflamed and intact
limb in the animals of the experimental group, ml; V. —the
average difference between the volumes of the inflamed
and intact limb in animals of the control group, ml.

Leukocytes were counted in Goryaev's chamber.

The relative change in the number of leukocytes
in peripheral blood against the control group was calcu-
lated by the formula:

IL (%)=100 %—(L/L;*100 %),

where IL — relative change in the number of peripheral
blood leukocytes against the indicators of animals in the
control group in %; L, — the average value of the differ-
ence between leukocytes for inflammation and intact in
animals of the experimental group, G/I; L. — the average
value of the difference between leukocytes in inflamma-
tion and intact in animals of the control group, G/I.
Treatment and dosage regimen. The experimental
group and the positive control group were divided into
two levels of subgroups. The first subgroups of both
groups received treatment one day after the induction of
the inflammatory process. The second subgroup received
treatment after 10 days from the introduction of the adju-
vant, treated both the limb with the inflammatory process
and the contralateral limb, which developed a specific
immune inflammation. During the treatment of animals
of the experimental group, the limb to the site of inflam-
mation was immersed in an alcoholic solution of carote-
noids. Immersion was performed for 10 minutes, once a
day, daily. “Diclofenac-viola” gel was used as a reference
drug, a registered drug in a mild form containing 1 % di-
clofenac sodium, which was rubbed into the sites of in-
flammation. Mode and dosage — 5 mg / kg, once a day.
Statistical analysis. The distribution of animals in
the experimental groups was random. The normality of
the distribution was confirmed by the Kolmogorov-
Smirnov test. Because all groups had a normal distribu-
tion, analysis of variance was performed using Student's
t-test with Bonferoni correction. The calculations were
performed in the Free Office software package.

3. Research results

After the introduction of phlogogen we observed a
pronounced inflammatory reaction. In addition to edema,
redness at the injection site, there was a partial loss of
functional activity of the affected joints. The animals
moved less around the cage, the movements were slower,
and the animals tried not to load the limb into which the
adjuvant was administered. These phenomena were fully
or partially observed by the end of the experiment in all
groups of animals.

Data on the dynamics of morphological changes
(volume of edema) of non-specific inflammatory process
caused by the introduction of complete Freund's adjuvant
in the conditions of experimental treatment with liquid
carotenoid extract are given in Table 1.




Scientific Journal «ScienceRise: Biological Science»

Ne2(27)2021

Table 1

Indicators of changes in the volume of the contralateral limb in the area of inflammation (metatarsal joint) and anti-
edema efficacy of drugs used for non-specific inflammation (M+m, n=5)

The difference (A) between the volume of the inflamed and Anti-edematous effect. %
Time after phlogo- intact limb (before inflammation), ml '
gen injection (days) Control Treatment group with lig- | Diclofenac treat- Liquid carote- Di
. - . iclofenac
group uid carotenoid extract ment group noid extract
1 0.79+0.09 0.82+0.11 0.81+0.08 -3.80 -2.53
2 0.94+0.10 0.9+0.13 0.8940.11 4.26 5.32
3 1.22+0.05 1.21+0.09 1.15+0.18 0.82 5.74
5 1.38+0.11 1.34+0.1 1.24+0.07 2.90 10.14
7 1.39+0.1 1.32+0.12 1.34+0.01 5.04 3.60
10 0.99+0.12 0.95+0.15 1.06+0.16 4.04 -7.07
12 1.3+0.13 1.1+0.14 0.92+0.14* 15.38 29.23
15 1.28+0.08 1.01+£0.08* 0.94+0.11* 21.09 26.56
20 1.40+0.12 0.954+0.06* 0.85+0.12* 32.14 39.29
25 1.42+0.07 0.9+0.09*" 0.77+0.03*" 36.62 45.77
30 1.35+0.12 0.85+0.06*" 0.74+0.07*" 37.04 45.19

Note: * — significance of differences between experimental and control group p<0.05; # — significance of differences between the
group treated with liquid extract and the group treated with diclofenac p<0.05

The development of non-specific inflammatory
process was observed from the first day after the intro-
duction of adjuvant, the volume of the paw increased by
0.79-0.82 ml in animals of the experimental groups.
Subsequently, two peaks of edema were observed: at the
end of the first week — an increase in volume by 1.34—
1.39 ml against intact values, after 25 days of inflamma-
tion - an increase in volume by 0.74-1.42 ml. Comparing
the used drugs, we can conclude about the more pro-
nounced therapeutic efficacy of diclofenac against liquid
carotenoid extract. The use of diclofenac after 12 days of
treatment caused a statistically significant reduction in
edema (29 %, t=4.4) against the control group. For the

group of animals treated with liquid carotenoid extract, sta-
tistically significant changes against the control group of an-
imals were observed on day 15 of treatment (21.09 %,
t=5.33). At the end of treatment (30 days), a greater ther-
apeutic effect of diclofenac against liquid carotenoid ex-
tract was observed in the treatment of adjuvant-induced
inflammation.

Of no less interest is the anti-inflammatory effect
of the liquid extract of carotenoids in the case of specific
autoimmune inflammation affecting the joints of the con-
tralateral limb. Relevant data on the anti-edematous ef-
fect of anti-inflammatory drugs for specific inflammation
are given in Table 2.

Table 2

Indicators of changes in the volume of the contralateral limb in the area of inflammation (metatarsal joint) and anti-
edema efficacy of drugs used for specific inflammation (M+m, n=5)

The difference (A) between the volume of the inflamed and in- .
Time after phlogo- taE:t )Iimb (before inflammation), ml Anti-edematous effect, %
gen injection (days) Control Treatment group with Diclofenac treat- Liquid carote- .
L . - Diclofenac
group liquid carotenoid extract ment group noid extract
10 0.011+0.005 0.014+0.008 0.014+0.007 —27.27 —27.27
12 0.014+0.017 0.029+0.01 0.016+0.007 -107.14 -14.29
15 0.03+0.011 0.052+0.015 0.03+0.01 —73.33 0.00
20 0.095+0.02 0.056+0.09 0.028+0.022* 41.05 70.53
25 0.074+0.023 0.046+0.08 0.035+0.021* 37.84 52.70
30 0.073+0.012 0.047+0.015* 0.055+0.016 35.62 24.66

Note: * —significance of differences between experimental and control group p<0.05

The first signs of specific inflammation (edema,
soreness) in the control group of animals appeared on
day 10, but were clearly manifested on day 20 (increase
in the volume of the metatarsal joint (art. tarsi) by
0.095 ml) after the introduction of phlogogen. The anti-
edematous effect with the use of diclofenac was observed
from 20 days, and for carotenoid extract — from 30 days
after induction of inflammation.

The intensity of anti-edematous effect decreased
from 20 to 30 days of treatment for diclofenac from

70.53 % to 24.66 %, and for carotenoid extract from
41.05 to 35.62 %.

The obligatory component of the inflammatory
reaction is leukocyte. The change in the total number of
blood leukocytes allows characterizing the inflammatory
process and the effectiveness of the selected treatment. In
the Table 3 and 4 the dynamics of changes in the number
of blood leukocytes in non-specific and specific inflam-
mation under conditions of treatment with diclofenac and
carotenoid extract are shown.
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Table 3
Dynamics of changes in the total number of peripheral blood leukocytes in non-specific inflammation (M+m, n=5)
Time after The difference (A) between the total number of leukocytes in | Reduction of the number of leu-
phlogogen injec- | the blood during inflammation and before the induction of in- kocytes relative to control, %
tion (days) flammation
Control Treatment group with Diclofenac treat- | Liquid carotenoid | Diclofenac
group liguid carotenoid extract ment group extract
1 11.5+1.8 10.9+4.1 10.2+1.5 5.22 11.30
2 12.3+4.7 11.4+1.8 12.843.4 7.32 —4.07
3 13.7£1.3 14.6+4.5 14.544.3 —6.57 -5.84
5 13.943.6 15.2+4.8 15.744.2 -9.35 -12.95
7 18.3+1.8 17.3£2.7 16.9£3.5 5.46 7.65
10 26.8+1.3 22.3+£3.6* 20.7+4.7* 16.79 22.76
12 31.5+1.1 25.5+3.9* 23.442.2% 19.05 25.71
15 34.3+£2.2 27.9+4.5 25.7+2.0 18.66 25.07
20 30.7£1.6 29.3+1.9 26.3+4.7 4.56 14.33
25 24.9+1.1 26.4+3.7 22.243.6 —6.02 10.84
30 27.3+1.7 23.6+4.0 21.7£2.2% 13.55 20.51
Note: * — significance of differences between experimental and control group p<0.05
Table 4
Dynamics of changes in the total number of peripheral blood leukocytes with specific inflammation (M+m, n=5)
The difference (A) between the total number of leukocytes in Reduction of the number of leu-
Time after the blood during inflammation and before the induction of in- K . o
L - ocytes relative to control, %
phlogogen injec- flammation
tion (days) Control Treatment group with Diclofenac treat- | Liquid carotenoid .
L . Diclofenac
group liquid carotenoid extract ment group extract
10 22.343.2 20.6+1.6 24.7£3.6 7.62 -10.76
12 26.7+2.6 24.8+2.7 25.9+2.7 7.12 3.00
15 30.5+4.8 27.3£3.4 23.242.2% 10.49 23.93
20 32.8+2.9 26.4+2.7* 24.6+2.9* 19.51 25.00
25 30.7+3.7 23.1+1.9% 20.6+3.1* 24.76 32.90
30 28.5+3.7 21.6+3.6* 23.3£1.7* 24.21 18.25

Note: * — significance of differences between experimental and control group p<0.05

4. Discussion of research results

Non-specific and specific adjuvant-induced in-
flammation caused severe leukocytosis, the number of
leukocytes increased 2-3 times in the studied groups of
animals. The use of diclofenac and carotenoid extract in
the case of non-specific inflammation caused a decrease
in the number of leukocytes, which was not statistically
significant. In contrast, treatment with diclofenac and ex-
tractive carotenoids resulted in a statistically significant
reduction in white blood cells from day 20 of treatment.
With the use of diclofenac, the number of leukocytes in
the blood of experimental animals decreased by 18.25—
32.9 % against the control group, for carotenoid extract

by 19.51-24.76 %, respectively.

Adjuvant inflammation consists of non-specific
and specific stages [15]. The non-specific stage of the in-
flammatory process begins immediately after the intro-
duction of adjuvant and is caused by innate immune reac-
tions. The reduction of edema-exudative phenomena ob-
served due to the action of carotenoids after 15 days of
treatment may be due to the stabilization of membranes
(cellular, mitochondrial, lysosomal). Direct antioxidant
action reduces the intensity of leukocyte-induced oxida-
tive stress and the resulting cellular and subcellular le-
sions, and carotenoids inhibit macrophage NO synthase
[16]. Carotenoids inhibit the activation of macrophages
and reduce the production of macrophage cytokines (IL-
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1B, IL-6, TNF-a) [16]. The decrease in the total number
of leukocytes observed from 10 days of treatment
(22.343.6 G/l experimental group; 26.8+1.3 G/I, control
group) can be explained both by inhibition of IL-1 and
TNF-a production, and by some normalization of meta-
bolic processes in the area of inflammation.

At 8-10 days after administration of complete
Freund's adjuvant, a specific autoimmune process develops,
which involves macrophages, CD4+Th1, CD4+Th2, plasma
cells and synoviocytes. Central cytokines that regulate the
processes of differentiation, proliferation and activation for
the above cells are IL-1 and TNF-a [17]. Carotenoids are
known to reduce IL-1-induced PGE, and MMP-1 produc-
tion, which are important factors in joint damage [18]. The
activity of MMP-1 is also influenced by bacterial liposac-
charides and factors that alter the stability of membranes
[19]. In addition to inhibiting the IL-1-dependent mecha-
nism of MMP-1 activation, carotenoids have a membrane-
stabilizing effect, which can further reduce the activity of
this enzyme [13]. MMP-1 is involved in the destruction of
the intercellular matrix in the case of arthritis, breaks down
collagen (type-1, -2 and -3), fibronectin, vitronectin, proteo-
glycans [20]. Decreased MMP-1 activity may be a signifi-
cant part of the therapeutic effect of carotenoids in the case
of adjuvant-induced joint damage. PGE; is ambiguously in-
volved in the pathogenesis of rheumatoid arthritis, because
it has pro-inflammatory (stimulation of vascular endothelial
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growth factor production, sensitization to histamine and ki-
nins) and anti-inflammatory properties (reduces the produc-
tion of TNF-o, IL-6, IL-8, IL-12) [21]. However, in experi-
ments on a collagen model of arthritis in mice, the main pro-
inflammatory effect of PGE, was demonstrated [22]. The
study draws attention to the fact that local signs of specific
inflammation began to decrease probably only on the 30th
day of treatment, while the decrease in the intensity of the
increase in the number of leukocytes occurred on the 20th
day. Probably, carotenoids had a more pronounced systemic
anti-inflammatory effect than local.

Study limitations are a consequence of the used
inflammatory model, which allows assessing the effect of
carotenoids on autoimmune inflammation, but ignores
the possible effects on other components of the inflam-
matory process.

Prospects for further research. Further studies
of the action of carotenoids on potential targets in the in-
flammatory focus, as well as the influence of carotenoids
on inflammatory processes with other types of pathogen-
esis look promising.

5. Conclusions

1. A study showed that extractive carotenoids
from the fruits of Capsicum annuum L. have anti-
inflammatory effects in the case of adjuvant-induced in-
flammation. The anti-edematous effect was observed

from 15 days after the start of treatment in the case of
nonspecific inflammation and was 21-37 %.

2. Local anti-inflammatory effect of carotenoids in
the case of specific inflammation was manifested on the 30th
day of treatment. The anti-edematous effect was 35.6 %.

3. The systemic effect of carotenoids on the leu-
kocyte fraction of blood was not recorded in the case of
non-specific inflammation, but in the treatment of specif-
ic inflammation, there was a decrease in blood leuko-
cytes by 19.5-24.2 % compared with animals in the con-
trol group.

4. The mechanisms of anti-inflammatory action of
carotenoids may be associated with antioxidant and
membrane-stabilizing effects, the ability to affect macro-
phage activity and the production of pro-inflammatory
cytokines.
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