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Abstract

Inflammation is a natural response of the body's immune system to various external stimuli, in which the production of
cytokines, nitric oxide, malondialdehyde (MDA) and myeloperoxidase (MPO) is enhanced. Glabridin is known for decreasing
cell migration and increasing cGMP level. But so far, the anti-inflammatory effect of glabridin has not been proven histologically,
and also its effect on oxidative stress parameters and cytokine levels has not been fully elucidated. The aim of this study,
therefore, is to reveal possible mechanisms that can mediate the anti-inflammatory activity of glabridin. Animal groups were
used including saline control, carrageenan, glabridin. Carrageenan was administered intraplantarly except for the saline control
group. Paw thickness was measured at 0, 1, 2, 3 and 4 h which correspond to peak oedema times. MPO activity, MDA
concentration, and glutathione (GSH) level in paw tissue for oxidant/antioxidant balance assessment were measured.
Carrageenan increased the oedema, MDA, MPO, TNF-a and IL-1f production, which were abolished by glabridin. In the
dermis and hypodermis, carrageenan caused an increase in inflammatory cells. Glabridin has played an important role in
preventing peripheral inflammation, and in the near future, targeting the peripheral anti-inflammatory effect as a promising
alternative to treat inflammation diseases may be considered a novel pharmacologic approach.

Rezumat

Inflamatia este un raspuns natural al sistemului imunitar al organismului la diversi stimuli externi, in care sunt eliberate de
citokine, oxid nitric, malondialdehida (MDA) si mieloperoxidaza (MPO). Glabridina este cunoscuta pentru reducerea migratiei
celulare si cresterea nivelului de cGMP. Pana in prezent, efectul antiinflamator al glabridinei nu a fost demonstrat histologic
si, de asemenea, efectul sdu asupra parametrilor de stres oxidativ si a nivelurilor de citokine nu a fost complet elucidat. Scopul
acestui studiu a fost evaluarea posibilelor mecanisme care pot media activitatea antiinflamatoare a glabridinei. Grupurile de
animale luate n studiu au inclus: grupul control (ser fiziologic), grupul carrageenan si grupul glabridina. Carrageenanul a fost
administrat intraplantar animalelor, cu exceptia grupului control. Grosimea labei a fost masurata la 0, 1, 2, 3 si 4 ore care
corespund timpului maxim al edemului. Au fost determinate: activitatea MPO, concentratia MDA si nivelul de glutation
(GSH) in tesutul labei pentru stabilirea statusului oxidativ. Carrageenanul a determinat cresterea edemului, precum si a
MDA, MPO, TNF-a si IL-1pB. Nivelul acestor biomarkeri s-a redus semnificativ dupa administrarea glabridinei. Glabridina
pare a avea un rol important in prevenirea inflamatiei periferice, iar in viitorul apropiat, poate fi o alternativa promitatoare
pentru tratarea bolilor inflamatorii ca o abordare farmacologica noua.
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Introduction diseases such as rheumatoid arthritis, diabetes, asthma,
cardiovascular diseases and even cancer [6]. Thus, in
order to control the inflammation, several drugs have
been assessed over centuries by scientific researchers
such as nonsteroidal anti-inflammatory drugs (NSAIDs)
[7], corticosteroids [8], cannabinoid 2 receptor agonist
[9], immunosuppressive drugs [10] and even plant
extracts [11]. However, excessive and long-term use
of NSAIDs and corticosteroids may lead to many
side effects such as gastrointestinal toxicity, addiction,
drug resistance as well as Cushing syndrome [12]. As
a result, active ingredients derived from plant extracts
are getting popular among consumers in developing

Inflammation is a natural response of the body's
immune system to various external stimuli such as
microorganisms, pathogens, trauma, stress, chemicals
[1]. These mediators are mainly peptides, histamine,
serotonin, nitric oxide (NO), cytokines such as tumour
necrosis factor-o (TNF-o) which are produced by
macrophages, the interleukins (especially IL-1 and
IL-6) and the leukotrienes [2—4]. The signs of oedema
are redness, hypersensitivity, pain and swelling [5].
Therefore, swelling of the injured site may determine
the severity of inflammation. Excessive pro-inflammatory
production may induce various acute and chronic
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and developed countries due to less adverse effects
and a relatively safer therapeutic profile [13].
Although there are many experimental inflammation
models for research, carrageenan-induced paw oedema,
resulting in vascular changes, oxidative stress with
the increase lipid peroxidation or the depletion of
antioxidant sulfhydryl pool such as glutathione, is the
standard experimental model of acute inflammation,
originally described by Winter et al. [1].

It has been demonstrated that Glycyrrhiza glabra,
known as Licorice root, has been used to cure many
diseases or symptoms such as cough, colds, asthma,
chronic obstructive pulmonary disease, colds, peptic
ulcers, gastritis, respiratory infections, chest diseases,
liver diseases, disturbances of the intestine, stomach,
indigestion, arterial diseases, urinary system diseases,
urinary bladder diseases, kidney pain, expulsion of
kidney stones, wounds and ulcers, eye diseases, fever,
spasmodic pains of chronic gastritis, cancer and even
oxidative stress and inflammation since very ancient
times [14] because it contains many chemical substances,
including saponin, flavonoids, isoflavonoids, stilbenoids
and coumarins. Some of these chemicals consist of
several active ingredients such as ligcoumarin,
umbelliferone glycyrrhizin, liquiritic acid, dihydro-
stilbenes, glycyrretol, liquirtin, liquiritigenin and neo-
liquiritin glabridin, glabrone, glyzarin and galbrene [15].
Eventually, combining the above studies, for the last
century, especially since the advance of science,
although the pharmacological roles, especially anti-
inflammatory and antioxidant effects of these active
ingredients have been revealed, there is little literature
about the anti-inflammatory effect of glabridin and its
mechanism of action. The aim of the current study
was to investigate how glabridin influences oedema,
the production of cytokine and oxidative stress
occurrence in inflammatory processes.

Materials and Methods

Chemicals

Carrageenan and glabridin (98% purity) were purchased
from Sigma-Aldrich (USA) and Xi’an ZB Biotech Co.,
Ltd. (Shaanxi, Chine), respectively. Dimethyl sulfoxide
(DMSOQ) was used as solvent for glabridin.
Experimental animals

Male Wistar-albino rats weighing 250 + 10 g were
used in this study. The animals were provided from the
Experimental Research Centre of Adiyaman University,
Turkey. The ethical permissions for the study were taken
from the Adiyaman University Animal Experiments
Local Ethics Committee (Ethics Committee decision
no. 2019/0014) where the study was conducted. Rats
were randomly housed in appropriate cages at 22 +
2°C under a 12/12 h dark/light cycle with free access
to tap water and commercial rat chow. Procedures
were in accordance with the Guide for Care and Use
of Laboratory Animals.
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Experimental Design

After the rats were randomly divided into five groups
of 6 - 8 rats in each cage they were taken to the
laboratory where the experiments were performed and
four days were kept for acclimatization. The groups
were: Saline Control, Carrageenan, Gla-10, Gla-20 and
Gla-40, respectively. Carrageenan was administered
intraplantarly to all animals, except the saline control
group. Three days before carrageenan administration,
Gla-10, Gla-20 and Gla-40 groups were treated with
glabridin at a dose of 10, 20 and 40 mg/kg b.w.,
respectively, for 3 days.

Carrageenan-induced paw oedema

This procedure has been used previously [9]. Briefly,
inflammation was induced by giving an intraplantar
injection of carrageenan (100 pL, 1% wi/v) into the
paw. Oedema was expressed as the increase in paw
thickness (mm) after carrageenan injection relative to
the pre-injection value for each animal. To measure
the basal thickness, the paw was measured just before
giving the carrageenan injection with electronic digital
callipers and then after administering carrageenan, its
thickness was measured at 0, 1, 2, 3 and 4 h which
correspond to peak oedema time. The anaesthetized
animals with ketamine (50 mg/kg b.w., ip) and xylazine
(5 mg/kg b.w., ip) were monitored for the loss of
the tail reflex, which was defined as the loss of the
twitching or movement of the tail pinched using the
fingers. Blood was collected from vena jugularis and
centrifuged at 3000 rpm for 10 min to obtain serum.
Serum samples were stored at -80°C up to analysis.
Animals were Killed by neck dislocation and the paw
tissue and skin samples were immediately taken for
biochemical and histochemical analyses.
Measurement of malondialdehyde in paw tissue

As previously described, to determine the level of
lipid peroxide, the concentration of malondialdehyde
was measured in the paw tissue [16, 17]. Briefly the
tissue samples were homogenized in an ice bath, ice-
cold TCA (trichloroacetic acid) by adding 10 mL of
10% TCA per g of tissue, with an ultrasonic tissue
homogenizer. After two consecutive centrifugations
at 3,000 g for 15 min, 500 pL supernatant was mixed
with equal volume of 0.67% TBA (thiobarbituric acid)
and heated to 100°C for 15 min. The absorbances of
the samples were then measured spectrophotometrically
at 535 nm. Each assay was performed in duplicate.
Measurement of glutathione level in paw tissue

As previously described, to determine the level of
glutathione (GSH) was measured in the paw tissues
[18]. Briefly, to the 0.5 mL of supernatant obtained by
using the same homogenization procedure as described
above, 2 mL 0.3 M NazHPO; solution was added. A
0.2 mL solution of DTNB (5,5'-dithiobis-2-nitrobenzoic
acid) was added into the mixture, and the absorbance
at 412 nm was measured immediately after vortexing.
Each assay was performed in duplicate.
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Measurement of myeloperoxidase activity in paw
tissue

As previously described, the activity of myelo-
peroxidase (MPO) was measured in the paw tissues
[19]. Briefly, exactly 100 mg of tissue was weighed
and homogenized in potassium buffer containing 0.5%
hexadecyltrimethylammonium bromide (HETAB).
In order to obtain the tissue pellet, homogenates
were centrifuged at 4,500 g for 15 min at 4°C and
then they were re-suspended, and the MPO activity
was assessed by measuring the change in absorbance
at 460 nm using o-dianisidinedihydrochloride and
hydrogen peroxide. Each assay was performed in
duplicate. One unit of MPO activity was defined as
that degrading 1 pmol of peroxide per min at 25°C.
The activity was then normalized as unit per mg of
tissue (U/mg).

Measurement of cytokines levels in paw tissue

IL-1B and TNF-a levels were determined using ELISA
kits. This process was performed 2 times, according to
the procedures supplied by the manufacturer (Thermo
Fisher Scientefic, Inc.) and the results were expressed
as pg/mL of serum.

Histopathological procedures

The rat paw tissues were preserved in 10% formaldehyde
for fixation. At the end of the 5th day, fixed tissue
samples were taken into plastic cassettes and exposed
to routine histological follow-up steps consisting of
chemical agents such as alcohol, xylene and paraffin.
After these procedures were completed, the tissues
were embedded in paraffin and thin sections (5 um
thick) were obtained using a microtome. The sections
were deparaffinised in xylene and stained with Masson
trichrome and toluidine blue stains. Sections were
evaluated histopathologically using a light microscope
(Carl Zeiss Axiocam ERc5 model) with digital camera.
Statistical Analysis

All statistical analyses were carried out using Graph-
Pad statistical software. All data were presented as
mean * standard error mean. Difference between
groups was compared using student t test or one-way
ANOVA followed by Tukey's Multiple Comparison.
p < 0.05 was considered significant.

Results and Discussion

Histopathological assessment

Saline control group results

As illustrated in Figure 1, the epidermis composed
of stratified keratinized squamous epithelium and
dermis composed of irregular tight connective tissue
have normal histological structure. The epithelial cells,
connective tissue cells and connective tissue fibers
had a normal appearance (Figures 1a and 1b). In the
hypodermis, which is the deepest layer of the skin,
components such as blood vessels, adipose cells
showed a normal structure (Figure 1c). Additionally,
mast cells density was normal in this group (Figure 1d).
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Figure 1.
Light microscopic images of tissue samples obtained
from saline control group.
la — epidermis layer; 1b — dermis layer; 1c — deep layer
(hypodermis); f— connective tissue fibre; v — blood
vessel; thick arrow — mast cell
(The objective for the magnification of images 40x — 1a,
1b and 1c Masson trichrome staining and 1d toluidine
blue stain)

Carrageenan group results

As shown in Figure 2, in the skin samples of this group,
the abundant inflammatory cells were observed in the
dermis and hypodermis. It was also determined that
the number of fibroblast cells in this group decreased
and consequently decreased the density of connective
tissue fibres. And also, oedema and haemorrhage were
seen in this group (Figures 2a, 2b and 2¢). An increase
in mast cells was observed around the vessels in the
hypodermis layer (Figure 2d).
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Figure 2.
Light microscopic images of tissue samples obtained
from carrageenan group.
2a — epidermis layer; 2b — dermis layer; 2c — deep layer
(hypodermis); f — connective tissue fibre; v — blood
vessel; thick arrow — mast cell; inf — inflammation, star
mark — oedema; arrow head — haemorrhage (the objective
for the magnification of images 40x — 2a, 2b and 2¢ Masson
trichrome staining and 2d toluidine blue stain)

Glal0 group results

As illustrated in Figure 3, this group had a very similar
appearance to the carrageenan group in the examination
of the sections in term of epidermis, dermis, hypo-
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dermis layers and other tissue components (such as
connective tissue fibres and connective tissue cells)
(Figures 3a and 3b). It was not observed a decrease in
inflammatory cell density compared to the carrageenan
group (Figure 3c). As in the carrageenan group,
numerous mast cells were seen around blood vessels
in these specimens (Figure 3d).

9
Figure 3.
Light microscopic images of tissue samples obtained
from glabridin (10 mg/kg b.w.) treated group

3a — epidermis layer; 3b — dermis layer; 3c — deep layer

(hypodermis); f — connective tissue fibre; v — blood vessel;
thick arrow — mast cell; inf — inflammation (the objective
for the magnification of images 40x — 3a, 3b and 3¢ Masson

trichrome staining and 3d toluidine blue stain)
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Figure 4.

Light microscopic images of tissue samples obtained

from glabridin (20 mg/kg b.w.) treated group

4a — epidermis layer; 4b — dermis layer; 4c — deep layer

(hypodermis); f — connective tissue fibre; v — blood vessel;

thick arrow — mast cell; inf — inflammation. The inflammatory
cells density in this group was smaller than that of the

carrageenan group and gla 10 group (the objective for the
magnification of images 40x — 4a, 4b and 4c Masson

trichrome staining and 4d toluidine blue stain)

Gla20 group results

The inflammation cells density at the examination of
this group was less than the carrageenan and glabridin
10 group in the dermis and hypodermis layers. The
use of intermediate concentrations of glabridin reduced
the cellular infiltrates. In addition, carrageenan induced
oedema was significantly decreased in this group

(Figures 4a, 4b and 4c). And also, mast cell density
had decreased around blood vessels in the connective
tissue (Figure 4d).

Gla40 group results

The tissue specimens in this group were similar to the
ones observed in the saline control group. There was
no significant difference in term of epidermis, dermis,
hypodermis and other tissue components (such as
connective tissue fibres and connective tissue cells)
compared with the healthy animals (Figure 5a, 5b
and 5c¢). Using the higher concentration of glabridin
eliminated the negative effects of carrageenan. As in
the saline control group, mast cells density was normal
(Figure 5d).

Figure 5.
Light microscopic images of tissue samples obtained
from glabridin (40 mg/kg b.w.) treated group
5a — epidermis layer; 5b — dermis layer; 5¢ — deep layer
(hypodermis); f — connective tissue fibre; v — blood vessel;
thick arrow — mast cell. There was a similar appearance
with the control group. (the objective for the magnification
of images 40x — 5a, 5b and 5¢ Masson trichrome staining
and 5d toluidine blue stain)
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Figure 6.

Effects of glabridin on the carrageenan-induced
paw oedema occurrence
Rats were evaluated for paw oedema at 0, 1, 2, 3
and 4 h post-carrageenan injection. Results were
expressed as percentage of the increase in paw
thickness. Each point represents the mean + SD of
the six rats of each group.
* Statistically significant compared with the carrageenan
group at * p <0.05; **p <0.01; ***p <0.01
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The effect on paw thickness of the carrageenan-
induced paw oedema

As illustrated in Figure 6, the effect of carrageenan
on rat hind paw thickness and the effect of glabridin
on this thickness were tested. Carrageenan use
significantly led to paw oedema when compared to
saline groups (p < 0.001). But, the pretreatment with
glabridin (20 or 40 mg/kg b.w.) caused attenuated
carrageenan-induced paw oedema (p < 0.001), while
the pretreatment with 10 mg/kg b.w. dose of glabridin
did not attenuate to the same extent the paw oedema
(p > 0.05).
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The MDA level in the carrageenan-induced paw
oedema tissue

As shown in Figure 7a, carrageenan increased the
MDA level in the paw tissue as compared to the saline
group with the carrageenan group. Pretreatment with
glabridin (20 or 40 mg/kg b.w.) caused attenuated
carrageenan-induced paw oedema (p < 0.05, p < 0.001,
respectively) while the pretreatment with 10 mg/kg
b.w. dose of glabridin did not attenuate similarly
the paw oedema (p > 0.05).
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Figure 7.
The carrageenan-induced inflammation in paw tissue and the effect of glabridin on MDA (a), GSH (b), MPO (c),
IL-1B (d), and TNF-a (e)
Data are expressed as mean + SD (n = 6) and one-way ANOVA followed by Tukey’s multiple range test. The 20 mg/kg b.w.
dose of glabridin inhibited the oxidative stress markers in paw tissue and inhibited cytokines production in serum, 40 mg/kg b.w.
dose of glabridin significantly led to the inhibition of oedema as compared to carrageenan treated group, but the lowest dose
of glabridin was not statistically significant.

The level of GSH in the carrageenan-induced paw
oedema tissue

As illustrated in Figure 7b, carrageenan decreased the
GSH level in paw tissue as compared to saline group.
The selection pattern for this biomarker was similar
to MDA levels for studied groups.

The level of MPO activity in the carrageenan-induced
paw oedema tissue

As shown Figure 7c, carrageenan increased the MPO
activity in paw tissue as compared to the saline group.
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Significant results were obtained for the groups pre-
treated with glabridin 20 or 40 mg/kg b.w. (p = 0.01,
p < 0.001, respectively).

The level of cytokines levels in serum

Asillustrated in Figure 7d and 7e, carrageenan increased
both IL-1p level and TNF-a level in rat serum when
comparing to saline group with the carrageenan group
(p < 0.001). The pre-treatment with glabridin (20 or 40
mg/kg b.w.) caused decreased levels of both IL-1B
and TNF-a in serum while the pre-treatment with10
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mg/kg b.w. glabridin did not attenuate similarly the
IL-1B and TNF-a levels in serum.

One of the standard models of inflammation is
carrageenan-induced paw oedema. Following to
carrageenan injection, acute inflammation occurs
within first few hours which consist of two phases.
The first stage of inflammation is characterized by
the release of neuro-mediators such as serotonin and
histamine. The second stage is characterized by the
release of prostaglandins. [20]. In this study, carrageenan
model was used to determine whether glabridin improved
oedema by modulating the level of cytokines and
oxidative stress markers. The results of this study
have shown that glabridin reduces serum cytokines
levels such as IL-1p and TNF-o and improves oxidative
stress markers such as MDA, GSH and MPO in
carrageenan-induced paw oedema. However, higher
doses of Gla, especially 40 mg/kg b.w., clearly decreased
carrageenan-induced paw oedema and inflammation.
Accumulating evidence has indicated that glabridin
attenuates acute lung injury via calcium sensitive
potassium (BKca) channels [21], but in our study,
the anti-oedematous effect of glabridin maybe exerted
via these channels. In a study by El-Ashmawy et al.,
it was shown that the anti-inflammatory effect of
glabridin is via the downregulation of iNOS in rats
with ulcerative colitis [22]. Moreover, they demonstrated
that an imbalance between the generation of ROS and
impaired antioxidant defence system results in oxidative
stress. So, it maybe indicated that glabridin can reduce
oxidative stress by improving the impaired anti-
oxidant defence system.

The results of our previous study showed that glabridin
inhibits phosphodiesterase, leading to increased intra-
cellular cyclic guanosine monophosphate (cGMP),
leading to increased intracellular protein kinase G
(PKG), in which glabridin activated the BKc, channels
both directly and indirectly, causing the cell hyper-
polarization. The hyperpolarized cell was not affected
by the harmful effects of ROS resulting from inflammation.
In accordance with the results of our study, Dai et al.
shows that NS-1619-induced oxidant production
prevents ischemia/reperfusion-induced inflammation
and mucosal barrier disruption in the small intestine by
provoking increases in heme oxygenase-1 activity [23].
The other criteria for determining the extent of paw
oedema is represented by measuring paw thickness.
In the previous study, administering carrageenan caused
a significant oedema in paw tissue [24, 25]. Consistent
with previous findings, results of the present investigation
also showed that, in carrageenan-injected rats, the total
protein content in the paw tissue increased compared
to the saline control group, whereas glabridin administration
reduced the total protein content in paw tissue [26].

At the end of the histopathological examinations; it
was found that there was a significant decrease in the
number of inflammatory cells in the glabridin (20
and 40 mg/kg b.w.) and saline treated groups, although
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there was a large number of inflammatory cells in the
tissue samples in the glabridin (10 mg/kg b.w.) and
carrageenan groups. As seen in the macroscopic analysis,
glabridin reduced the epidermal thickness and the
number of mast cells infiltrating skin lesions, leading
to a reduction of macroscopic and histological ileum.

Conclusions

Eventually, combining the above studies, we discovered
that glabridin has significant therapeutic effects on
cytokines level and acute inflammation occurrence.
Our experimental studies provided evidence to support
the hypothesis that glabridin may have beneficial
effects against inflammatory processes.
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