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Abstract: In the present study, investigate the anti-inflammatory effects of glabridin (GLA) in the
carrageenan-induced paw edema test of rats. Inflammation is an answer to the body's immune response
to various stimuli such as physical trauma, various antigens, chemicals, microorganisms, radiation-
damaged tissues. The cause of this edema is the increase of vascular permeability, an increase in local
blood flow, as well as the penetration of neutrophils and macrophages into the inflamed tissue. The
current study aimed to determine the mechanism of microvascular leakage on carrageenan (CAR)-
induced paw edema of GLA. Therefore, 10, 20 and 40 mg / kg doses of GLA were given intraperitoneal
3 days before intraplantar administration of CAR by using Evans blue (EB) method and by measuring
paw thickness with electronic digital calipers. As a result, GLA inhibited both edema and microvascular
leak. The results of our study suggest that pretreat-GLA to CAR-induced paw edema of rats via anti-
inflammatory potential through inhibition of parameters such as microvascular escape and anti-
edematous effect. These findings may be a new treatment of inflammation by anti-protein leakage of
GLA.

Keywords: glabridin; inflammation; Evans blue dye; carrageenan; Glycyrrhiza glabra.

© 2021 by the authors. This article is an open-access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

1. Introduction

Inflammation is an answer to the body's immune response to various stimuli such as
physical trauma, various antigens, chemicals, microorganisms, radiation-damaged tissues.
These responses are pain, heat, redness, edema and loss of function. The cause of this edema is
the increase of vascular permeability, an increase in local blood flow, as well as the penetration
of neutrophils and macrophages into the inflamed tissue [1]. Previous studies have shown that
inflammation is associated with many diseases such as tissue injury, diabetes, asthma,
inflammatory bowel disease, carcinoma, and atherosclerosis [2,3]. There are two phases in
acute inflammation. In the first phase, mediators such as 5-hydroxytryptamine, histamine and
bradykinin are released within 60 minutes [4]. In the second phase, the edema in which the
prostaglandins are released remains 5 hours [5]. In the acute inflammatory process, as a result
of the increased permeability of vascular via cytokines or mediators, local edema occurs as a
result of leakage of fluid and plasma proteins into the area leading to the formation of both
leukocyte-dependent and non-leukocyte-dependent [6].

Although there are many experimental inflammation models for research, carrageenan
(CAR)-induced paw edema, resulting in vascular changes, oxidative stress with the increase
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lipid peroxidation or the depletion of antioxidant sulfhydryl pool such as glutathione, is the
standard experimental model of acute inflammation, originally described by Kumari et
al. (2020) [7].

For many centuries, licorice root (Glycyrrhiza glabra) has been used for medical
purposes such as ulcers, bronchitis and bacterial infections in some countries such as India,
China. Since the discovery of glabridin (GLA), an isoflavone isolated from licorice root, in
1976, cosmetic preparations have been prepared and used in antioxidant and anti-inflammatory
diseases [8]. Glycyrrhiza glabra, well-known for its antioxidant and anti-inflammatory
properties, has been the focus of interest for researchers in this field [9-12].

Glabridin, one of the main components that make up the Glycyrrhiza glabra, has been
proven to have anti-nociceptive and anti-inflammatory effects with our previous study [13]. In
another study, glabridin given to rats 5 days earlier was shown to ameliorate carrageenan-
induced paw edema [14]. Therefore, the current study was designed to investigate the anti-
inflammatory effects of GLA in the CAR-induced paw edema test of rats.

2. Materials and Methods
2.1. Chemicals.

CAR, Evans Blue and GLA were purchased from Sigma-Aldrich (USA), Fluka and
Xi’an ZB Biotech Co., Ltd. (Shaanxi, Chine), respectively. Dimethyl sulfoxide (DMSQO) was
used as the solvent.

2.2. Experimental animals.

Male albino-Wistar rats with an average weight of 250+_10 g were used in the study.
The animals used were obtained from Adiyaman University Experimental Research Center.
Ethical permission certificate was obtained from Adiyaman University Animal Experiments
Local Ethics Committee (2019/009) 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.

2.3. Experimental design.

After the rats were randomly divided into 6 groups of 6-8 rats in each cage, they were
taken to the laboratory where the experiments will be performed and four days were kept for
acclimatization. Groups were named saline control, DMSO, CAR, GLA-10, GLA-20 and GLA-
40, respectively. Carrageenan was administered intraplantar to groups but saline control group.
Three days before carrageenan administration, GLA-10, GLA-20 and GLA-40 groups were
treated with GLA at a dose of 10, 20 and 40 mg/kg, respectively, for 3 days.

2.4. Carrageenan-induced paw edema.

Inflammation was induced by intraplantar injection of carrageenan (100 ul, 1%) into
the paws of rats. The increase in paw thickness (mm) measured before and after CAR injection
for each animal was expressed as EDEMA. Paw thicknesses were measured with an electronic
digital caliper before and 1/4 hour after CAR application, which corresponds to the maximum
edema time. Plasma extravasations were measured by injecting Evans blue dye into the tail vein
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15 minutes before the end of the experiment [15]. Animals treated with formaldehyde were
killed by guillotine decapitation and hind paws incubated with formamide for 48 hours. The
dye was then extracted and measured by spectrophotometry at 620 nm. This procedure has been
used in previous studies.[1,16].

2.5. Statistical analysis.

All statistical analyzes of the study were performed using GraphPad from the software.
All data were presented and accepted as mean + standard deviation mean. Differences between
groups were compared using Student's t test or one-way ANOVA followed by Tukey's Multiple
Comparison and a P < 0.05 was considered significant.

3. Results and Discussion

3.1. Evaluation of the carrageenan-induced paw edema.

The anti-inflammatory activities of GLA on carrageenan-induced acute paw edema
were shown in Figure 1. Administer of carrageenan caused edema in paw tissue (*P<0.001).
Pretreatment of rats with 20 or 40 mg/kg dose of GLA (**P<0.05 or ***P<0.01) significantly
attenuated carrageenan-induced paw edema, but administer of 10 mg/kg dose GLA was not
statistically significant when compared to CAR-treated group (P>0.05) (Figure 1).

CAR
CAR'Vehicle

GLA-10

GLA-20

GLA-40

Paw edema ration (%)

Saline control

Hours

Figure 1. Effects of GLA on the carrageenan-induced paw edema formation. Rats were evaluated for paw edema
at0, 1, 2, 3 and 4 h post-carrageenan injection. Results were expressed as the percentage increase in paw
thickness. Each point represents the mean £ SEM (n= 6) and one-way ANOVA followed by Tukey’s multiple
range test. CAR treated led to edema ("P<0.001) as compared to Salin control group, pretreatment of 20 mg/kg
dose of GLA found statistically significant ("™P<0.05) as compared to CAR group and 40 mg/kg dose of GLA

Hekk

(77P<0.01) inhibited CAR-induced paw edema as compared to CAR group.
3.2. The effect of GLA on plasma extravasation in carrageenan-induced paw edema.

Figure 2 illustrated that the inhibitory effect of GLA on plasma extravasation in
carrageenan-induced paw edema was clearly inhibited. Moreover, administer 20 or 40 mg/kg
dose of GLA (*P<0.05 or **P<0.01) significantly attenuated carrageenan-induced paw edema,
whereas this effect was not found statistically significant in administering of GLA 10 mg/kg
dose.
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Figure 2. The CAR-induced inflammation in paw tissue and the effect of GLA on plasma extravasation. Data
are expressed as mean + S.E.M. (n= 6) and one-way ANOVA followed by Tukey’s multiple range test. 20 mg/kg
dose of GLA inhibited plasma extravasation (‘P<0.05), 40 mg/kg dose of GLA significantly led to inhibition of
edema ("P<0.01) as compared to CAR group, but lover dose of GLA statistically no significant.

3.3. Discussion.

It is well-known CAR-induced paw edema is the standard model of acute inflammatory
studies. Following CAR-injection, acute inflammation occurs within the first few hours, which
consists of two phases. While the kinins, serotonin and histamine are released in the first phase,
the prostaglandins are released within 2-3 hours in the second phase [17,18], in which
vasodilatation, protein leakage and edema occur by the release of vasoactive peptides such as
neurokinin A, substance P and calcitonin gene-related peptide through the acute period [19,20].

In the current study, CAR was administered to the rat paw to determine if the GLA
improved edema. GLA significantly led to reducing the plasma extravasations in CAR-induced
inflammation of rat paw. In the previous study, paw thickness was found statistically significant
in the treatment CAR group at 1h, 2h, 3h and 4h, (6,25+0,147, 6,46+0,216, 6,64+0,243,
respectively) [21]. In the present study, as seen in Table 1, paw thickness was found 5.41+0.40,
6.60+0.17, 6.69+0,18 and 6.79+022, respectively. It was found that a low dose of GLA did not
prevent CAR-induced paw edema.

Table 1. According to time, change of paw thickness in the CAR-induced paw edema. Data are expressed as
mean + S.E.M. (n=6) and one-way ANOVA followed by Tukey’s multiple range test. Carrageenan treated lead
to edema ("p< 0.001) as compared to Control group, pretreatment of 20 and 40 mg/kg dose of GLA found
statistically significant ("p < 0.05, ""P<0.01, respectively) as compared to CAR group.

Treatment
groups According to time, change of paw thickness (mm)
% change of

Beforeinj. |Oh 1h 2h 3h 4h edemaat4 h
Salin control 4.63+0.22 4.73+0.22 4.76x0.24 4.83+0.03 4.81+0.04 4.83+0.03 2.85%
CAR+Vehicle 4.35+0.34 4.53+0.33 5.67+0.47 6.56+0.05 6.55+0.12 6.84+0.23 49.17%
CAR 4.15+0.26 4.33+0.27 5.41+0.40* 6.60+0.17* 6.69+0.18* 6.79+0.22* 50.17%
GLA+10 4.23+0.31 4.37+0.34 5.35+0.37 6.38+0.08 6.41+0.19 6.56+0.17 44,00%
GLA+20 4.28+0.34 4.28+0.34 5.05+0.39 5.80+0.12** 5.73+0.28** | 5.86+0.25** | 27,00%
GLA+40 4.53+0.33 4.63+0.33 5.04+0.44*** 5.33+0.11*** 5.38+0.22*** | 5.47+0.17*** | 17,00%

However, higher doses of GLA, especially 40 mg/kg dose, clearly decreased CAR-
induced paw edema and inflammation. Accumulating evidence has indicated that GLA
attenuates acute lung injury via calcium-sensitive potassium (BKca) channels [22-24], in our
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study, the anti-edematous effect of GLA maybe via these channels. In a study by EI-Ashmawy
et al., GLA has shown that the effect of anti-inflammatory of GLA is via downregulation of
INOS in rats with ulcerative colitis [11]. Moreover, they demonstrated that an imbalance
between the generation of ROS and an impaired antioxidant defense system results in oxidative
stress. So, it maybe indicated that GLA can reduce oxidative stress by improving the impaired
antioxidant defense system. Consistent with previous findings, the anti-ulcer effect of licorice
root has been shown to be the result of blocking of the histamine receptor [25]. Due to endogen
histamine, which secretions from mast cells that increase microvascular permeability [26,27],
the anti-exudate effect of GLA may decrease histamine secretion.

In terms of microvascular leakage change of edematous paw, as seen Figure 2, GLA
prevented the microvascular escape from blood vessel to inflammatory region. Our previous
study proved that GLA inhibits inflammation by activating BKCa channels, causing cells to
hyperpolarize [14]. Moreover, in another study, GLA was shown to attenuate functional failure
in rat ileum smooth muscle induced by ischemia/reperfusion by upregulating cCAMP [28]. The
pretreatment with GLA reversed the effects of CAR, which suggests a significant interaction
between CAR and microvascular leakage. Thus, GLA mediates the anti-edematous and anti-
plasma extravasations effects of CAR. The present study increases the understanding that the
pharmacological level of GLA plays on anti-inflammatory effects by demonstrating that GLA
decreases CAR-induced paw edema. These effects were similar in magnitude to those produced
by the GLA, as well as the nonselective COX inhibitor diclofenac [29]. The anti-plasma escape
effects of GLA may be mediated by the blockage of the histamine receptor. These results
suggest that the GLA reduces inflammation through the suppression of neurogenic
inflammation when administered after CAR.

The other criteria for determining the extent of paw edema are to measure paw
thickness. In the previous study, the administration of CAR caused significant edema in paw
tissue [21]. Consistent with previous findings, results of the present investigation also showed
that, in the carrageenan-induced paw of rats, total protein content in paw tissue increased
compared to the saline control group, whereas GLA administration reduced total protein content
in paw tissue [30].

Eventually, combining the above studies, we discovered that GLA had more significant
therapeutic effects of demonstrates on plasma leakage and acute inflammation. The results
indicated that GLA, glycyrrhizic acid and glycyrrhetinic acid were the main medicinal
ingredients in Glycyrrhiza glabra. Our experimental studies provide evidence that supports the
hypothesis that the activation of GLA may have beneficial effects against inflammatory
processes.

4. Conclusions

The results of our study suggest that pretreat-GLA to CAR-induced paw edema of rats
via anti-inflammatory potential through inhibition of parameters such as microvascular escape
and anti-edematous effect. These findings may be a new treatment of inflammation by anti-
protein leakage of GLA.
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