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Abstract 82 

Glycyrrhiza glabra (liquorice) is a widely used medicinal plant for treating inflammatory and 83 

respiratory disorders. Its major bioactive compound, glycyrrhetinic acid (GA), exerts anti-84 

inflammatory and immunomodulatory effects through inhibition of 11β-hydroxysteroid 85 

dehydrogenase type 2, thereby enhancing local cortisol activity. However, its poor solubility and 86 

stability limit its clinical application. In this study, comprehensive metabolite profiling of G. 87 

glabra roots using UPLC-HRMS led to the identification of sixty-two metabolites, including 88 

triterpene saponins, flavonoids, and phenolic acids. GA was successfully isolated and structurally 89 

characterized using NMR and LC-MS/MS techniques. To improve its physicochemical 90 

properties, GA was incorporated into β-cyclodextrin-based nano-sponges (NSs), which exhibited 91 

nano-sized particles (200–289 nm), low polydispersity, high entrapment efficiency, and stable 92 

surface charge. In vitro release studies demonstrated a biphasic sustained-release pattern 93 

following Higuchi kinetics under both acidic and physiological conditions. Antioxidant assays 94 

revealed that the plant extracts displayed stronger activity than pure GA. In vivo evaluation in rat 95 

models of dermal and nasal inflammation showed that GA-loaded NSs significantly reduced 96 

inflammatory biomarkers, including ICAM-1, IL-β4, and LTB-4, and markedly improved 97 

histopathological features, restoring near-normal tissue architecture without signs of irritation. 98 

These findings demonstrate that incorporation of GA into β-cyclodextrin nano-sponges enhances 99 

its stability, solubility, and therapeutic efficacy, highlighting its potential as a safe and effective 100 

natural treatment strategy for skin and nasal inflammatory disorders. 101 

Keywords: Glycyrrhiza glabra; phenolic compounds; LC-MS/MS; antioxidant activity; β-102 

cyclodextrin nano-sponges; anti-inflammatory therapy. 103 

 104 

 105 

 106 

 107 

 108 

 109 

 110 

 111 

 112 

 113 

 114 

 115 

 116 

 117 

 118 

 119 

 120 

 121 

 122 

 123 

 124 

 125 

 126 



4 

 

                       Abbreviations 127 

2HP-β-CD Hydroxy propyl-β-Cyclodextrin 

AA Acidic acid 

abf common output format  

ABTS 2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) 

CA Citric Acid 

CD Cyclodextrin 

CH2CL2  Dichloromethane 

DCM Dichloromethane 

DLS dynamic light scattering 

DPC Di-phenyl Carbonate 

DPPH 2,2-diphenyl-1-picrylhydrazyl 

EE% Entrapment Efficiency  

Epi-βCD Polymerized-β-Cyclodextrin 

EtOAc Ethyl acetate 

FC reagent Folin Ciocalteu reagent 

FTIR Fourier Transform Infrared Spectroscopy 

GA Gallic acid 

H&E Hematoxylin and Eosin  

HPβCD Hydroxypropyl β-Cyclodextrin 

ICAM-1 Intracellular adhesion molecule-1 

ILβ4 Interleukinβ 4 

KH2PO4 potassium dihydrogen phosphate 

L3 Liquorice EtOAc nano-sponge 

L4 glycyrrhetinic acid nano-sponge 

LC% Loading Capacity  

LCMSMS Liquid chromatography–mass spectrometry 

LTB4 Leukotriene B4 

Na2HPO4 Anhydrous disodium hydrogen phosphates 

n-BuOH n-Butanol 

NSs Nanosponges 

PDI polydispersity index  

Pet. ether Petroleum ether 

PL papillary layer 

PS particle size 

PSE pseudostratified epithelium 

Q6h Percent total Liquorice released after 6 h. 

RI Retention Indices  

RL reticular layer  

RPM Rotations per minute 

SEM Scanning Electron Microscopy 

TEM Transmission Electron Microscopy 

UPLC-HESI-

MS/MS  

Ultra-Performance Liquid Chromatography- Heated 

Electrospray Ionization- mass  spectrometry 

UPLC-HRMS Ultra-Performance Liquid Chromatography- High 

Resolution Mass Spectrometry 

VS Vesicle Size 

ZP Zeta Potential  

  128 
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1. Introduction 133 

Liquorice a perennial species belonging to the family Leguminosae, ranks among the most 134 

extensively utilized medicinal herbs worldwide. For centuries, it has been employed for its wide 135 

spectrum of pharmacological effects, including antiulcer, anti-inflammatory [1], antiallergic, 136 

antispasmodic, expectorant, antidepressant [2], antifungal, antiviral [3], and antioxidant 137 

properties. Liquorice is frequently used in the food industry as a natural flavoring and sweetener, 138 

in addition to its therapeutic uses. Its safety profile is The U. S. Food and Drug Administration 139 

has given it the "generally recognized as safe" (GRAS) certification, and it is well established . 140 

The pharmacological activities of Liquorice are mainly attributed to triterpene saponins, 141 

particularly glycyrrhizic acid, and phenolic compounds such as flavanones, flavones, isoflavones 142 

and chalcones [4]. The chemical profile of Liquorice can be characterized using advanced 143 

analytical techniques such as LC-MSMS. A rapid LC-MSMS analytical technique has been 144 

developed to simultaneously quantify key compounds including glycyrrhizic acid, glycyrrhetinic 145 

acid, and others in complex mixtures[5]. The roots are highly enriched in triterpenoid saponins, 146 

notably glycyrrhizic acid often referred to as glycyrrhizin and its pharmacologically versatile 147 

aglycone, glycyrrhetinic acid [6]. Glycyrrhizic acid undergoes hydrolysis in the gastrointestinal 148 

tract by microbiota, yielding glycyrrhetinic acid, the main systemic metabolite and mediator of 149 

Liquorice-derived bioactivity [7]. Together, glycyrrhizic acid, glycyrrhizin, and glycyrrhetinic 150 

acid emerge as dominant, interrelated bioactive markers vital for the authentication and quality 151 

control of Glycyrrhiza glabra preparations. Glycyrrhetinic acid primarily exerts its 152 

pharmacological actions by inhibiting the enzyme 11β-hydroxysteroid dehydrogenase type 2 153 

(11β-HSD2), which catalyzes the conversion of active cortisol into its inactive form, cortisone 154 

[8]. Inhibition of 11β-HSD2 elevates local cortisol levels, thereby enhancing glucocorticoid 155 

receptor activation and exerting potent anti-inflammatory effects [9]. Moreover, excess cortisol 156 

resulting from 11β-HSD2 inhibition can bind to mineralocorticoid receptors (MR), mimicking 157 

aldosterone activity and promoting sodium retention, potassium excretion, and increased blood 158 

pressure [10]. This mechanism explains the hypertensive and electrolyte imbalance effects 159 

observed in individuals consuming high doses of Liquorice or its derivatives [11]. Drug delivery 160 

systems represent a significant advancement in overcoming problems associated with poor 161 

solubility and uncontrolled release of therapeutic agents [12]. Nanotechnology, considered one 162 

of the most revolutionary scientific advancements since the industrial era [13], enables the 163 

manipulation of materials at the nanoscale to design carriers with superior properties. Naturally 164 

occurring polysaccharides such as cyclodextrins are particularly attractive due to their 165 

biocompatibility, biodegradability, and cost-effectiveness [14]. Cyclodextrins can enclose guest 166 

molecules within their internal cavity, thereby improving solubility, stability, and bioavailability 167 

[15, 16]. When crosslinked with suitable agents, cyclodextrins form nanosponges nanostructured 168 

[17], three-dimensional, mesh-like systems with both hydrophilic external branches and 169 

hydrophobic inner cavities[18]. These structures can encapsulate a wide range of molecules, 170 

enhance solubility of hydrophilic and lipophilic drugs[19], prolong drug release, and ultimately 171 

improve bioavailability [20]. Inflammation is a natural defense response to trauma, whether 172 

chemical or mechanical, and is characterized by edema, redness, and pain. However, edema can 173 

be particularly dangerous when it occurs in the respiratory airways [21]. Conventional anti-174 

inflammatory agents such as glucocorticoids remain the mainstay of treatment but are associated 175 

with significant side effects, leading to poor patient compliance [22]. This has fueled growing 176 

interest in herbal therapies, which are generally safer and better tolerated [21]. Liquorice, due to 177 

its active constituents such as glycyrrhizic acid, is considered one of the most potent anti-178 
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inflammatory herbs and has shown promising efficacy in both respiratory and skin inflammation 179 

owing to its immunomodulatory effects [23].  This study aims to evaluate new formulations of 180 

Liquorice extracts for the treatment of chemically and mechanically induced skin inflammation. 181 

To maximize therapeutic efficacy, Liquorice will be administered via dual routes intra-nasally 182 

and topically on wounds through a locally acting nanocomposite delivery system designed to 183 

enhance its anti-inflammatory potential and alleviate associated signs and symptoms. 184 

 185 

2. Material and Methods 186 

2.1. Materials and Analytical Reagents 187 

Liquorice samples were sourced from Harraz, a local herbal supplier in Egypt, and were 188 

authenticated and deposited at the NRC Herbarium under voucher number M297 [24]. The 189 

powder was made from the leaves by drying them in the shade and then grinding them into a fine 190 

powder. We bought FC reagent and Trolox from Sigma-Aldrich (Germany), and GA from Acros 191 

Organics (Belgium). We got ABTS and DPPH reagents from Sigma-Aldrich for our antioxidant 192 

assays. Fisher Scientific (UK) provided Fisher Scientific (UK) with analytical grade solvents and 193 

chemicals. Hydroxypropyl β-cyclodextrin (HPβCD; KLEPTOSE HPB, MW 1380 Da) and 194 

polymerized β-cyclodextrin (Epi-βCD) were generously supplied by Roquette (France). 195 

Diphenyl carbonate (DPC) was procured from Acros Organics (Belgium), and prednisolone was 196 

obtained from Sigma (USA). Potassium dihydrogen phosphate (KH₂PO₄), disodium hydrogen 197 

phosphate (Na₂HPO₄), and cellulose dialysis membranes were sourced from El-Gomhouria 198 

(Egypt) and Sigma-Aldrich (Steinheim, Germany). All additional reagents and solvents were 199 

analytical grade and used as supplied. 200 

 201 

2.2. Extraction of liquorice and Isolation of Glycyrrhetinic acid 202 

Extraction is an important step in separating bioactive components from plants. The most 203 

prevalent technique is solvent extraction, which uses solvents such as pet.ether, CH2CL2, EtOAc, 204 

BuOH, and water. The procedure includes solvent penetration, solute dissolving, diffusion from 205 

the plant matrix, and collection. Solvent characteristics, particle size, solvent to solid ratio, 206 

temperature, and time all affect extraction efficiency. 207 

A total alcohol extracts (by soaking 48h at room temperature then evaporate till dryness) is 208 

treated with H2SO4 to precipitate light brown sediment, which is washed with water and is 209 

extracted by alcohol to isolate glycyrrhizin potassium salt. The Glycyrrhizin is precipitated by 210 

adding KOH solution to the extract which is filtered and crystallized twice in acetic acid. The 211 

salt is hydrolyzed with H2SO4 to give crude glycyrrhetinic acid that is acetylated by acetic 212 

anhydride. The resulting cake is then purified by CH2CL2 then is hydrolyzed by NaOH solution 213 

to obtain white glycyrrhetinic acid. 214 

 215 

2.3. Phytochemical detection methods 216 

The detection of volatile constituents was performed on 10 g of the sample following the 217 

method described by [25]. Carbohydrates and glycosides were identified in the methanolic 218 

extract using α-naphthol and sulfuric acid reagent, as outlined by [26]. Tannins were quantified 219 

using Shellard’s procedure [27]. For alkaloid detection, one milliliter of the methanolic extract 220 

filtrate was reacted with 2.5 mL of Dragendorff's reagent [28]. Flavonoids were first detected by 221 

the production of a yellow tint but the presence of a red color after supplementation of 222 

Magnesium and hydrochloric acid suggested the presence of flavanones and/or flavonols [29]. 223 

Saponins were suspected to be present due to the production of a stable froth that lasted for 224 
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around 30 minutes [27]. Unsaturated sterols and/or triterpenes were detected according to the 225 

method of [30]. 226 

 227 

2.4.Secondary Metabolite Profiling of Liquorice roots using LC-MS, UPLC-HRMS 228 

techniques and Data processing  229 

The major metabolites in Liquorice root samples were profiled following extraction using 230 

various organic solvents. This strategy aimed to differentiate secondary metabolites based on the 231 

"like dissolves like" principle while considering possible degradation during extraction. 232 

Metabolite profiling was performed using an ion-trap MS (Esquire 3000, Bruker Daltonics) with 233 

ESI in ± modes (m/z 150–3000, scan rate 13,000 m/z/s) [31, 32]. High-resolution UPLC–Q-234 

Exactive Orbitrap (Thermo Fisher) analysis employed a BEH Shield RP18 column (150 × 2.1 235 

mm, 1.7 μm) and a gradient of 0.1% formic acid: water (A) and acetonitrile (B): 5 - 50% B (0 - 236 

14 min), 50 - 98% B (14 - 20 min), hold 5 min, re-equilibrate 3 min, at 0.4 mL/min. Source 237 

parameters: HESI ±3.0 kV, sheath gas 48 L/min, aux gas 13 L/min, capillary 250 °C, heater 380 238 

°C. CID was applied at 15 eV. Data were processed in MS-DIAL 4.60 (ABF format) and 239 

compounds annotated via MassBank, Knapsack, Fiehn BinBase, LipidBlast, and RIKEN 240 

databases [33, 34]. 241 

 242 

2.5. Determination of the Calibration curve of Liquorice extracts 243 

A calibration curve for the Liquorice extracts and glycyrrhetinic acid was prepared in 244 

PBS at pH 5.5 and pH 7.4, using a stock solution of 100 µg/ml. Serial dilutions were used as 2; 245 

4; 6; 8; and 10 ml aliquots of the stock solution, and each was adjusted to an end volume of 10 246 

ml with PBS of the respective pH. 247 

 248 

2.6.Preparation of Nano-sponges 249 

NSs were synthesized using a modified ultrasound-assisted method. HPβCD (polymer) 250 

and DPC (cross-linker) were mixed in distilled water at different molar ratios (1:1; 1:4; and 4:1) 251 

(Table 1). The mixture was sonicated at 90 °C [35, 36], homogenized (12,000 rpm, 7 min), and 252 

centrifuged (6,000 rpm, 30 min). Liquorice extract was added, shaken overnight (150 rpm), re-253 

sonicated, and centrifuged again. The final product was freeze dried and stored at 25 °C [37]. 254 

 255 

Table 1: Physicochemical properties, composition, and entrapment efficiency of Liquorice-based nano-sponge 256 

formulations 257 

Code 
Molar Ratio 

EE% ± SD LC% ±SD 
VS  ± SD 

(nm) 

ZP ± SD 

(mV) 
PDI 

2HPβCD Epi-βCD  DPC 

L1 1 - 1 98.93± 7.22 8.62 ± 1.08     200.6 ± 3.91 -16.8 ± 4.47 0.551 

L2 1 - 4 99.79 ± 4.09 10.89 ± 1.85 232.1 ± 6.25 -20.1 ± 5.11 0.562 

L3 4 - 1 100.07 ± 3.68 31.37 ± 1.79 289.4 ± 4.83 -31.2 ± 5.02 0.505 

L4 - 4 1 100.02 ± 5.17 12.86± 2.96 149.4± 3.72 -24.8 ± 4.99 0.618 

# Hydroxy propyl-β-cyclodextrin (2HP-βCD), Polymerized-β-cyclodextrin (Epi-βCD) and Diphenyl carbonate(DPC) 258 

 259 

2.7. Determination of EE% and LC% of NSs. 260 

Nanosponges with 10 mg of Liquorice extract and glycyrrhetinic acid were diluted in 100 ml of 261 

phosphate buffer (pH 7. 4) and agitated for 50 minutes. After filtering (0.22 μm), the A UV–Vis 262 
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spectrophotometer (Shimadzu Pharma Spec 1700) was used to examine the samples at λmax = 263 

321.2 nm. The EE% and LC% were calculated using the following formulas [38]: 264 

EE% = (Drug in NSs/Initial drug) * 100 . 265 

LC% = (Drug in NSs / Total NS weight) * 100.    266 

      267 

2.8. Measurement of Vesicle Size, Polydispersity Index (PDI), and Zeta Potential (ZP). 268 

The particle size, PDI, and ZP of the formulations were measured using a Zetasizer Nano 269 

ZS (Malvern Instruments, UK). Measurements were taken at ambient temperature using dynamic 270 

light scattering (DLS), which is based on laser diffraction. The correlation function of the 271 

scattered light intensity was measured at a constant scattering angle of 90° [39]. 272 

 273 

2.9. Measurement of the Optimized Formulations.  274 

Based on preliminary experiments, the molar ratio that produced the most favorable 275 

EE%, PS, and ZP values was selected as the optimized formulation. A novel nanosponge system 276 

was then prepared using EPI-βCD and DPC at the identified molar ratio, and loaded with 277 

Liquorice EtOAc extract (formulation L4, Table 1). The preparation and characterization 278 

followed the same methods described above. 279 

 280 

    2.10. Surface Morphology (SEM and TEM) and FT-IR Spectroscopy 281 

The morphology of optimized NSs was examined by TEM (JEM-2100, JEOL, Japan) 282 

after staining with 1% phosphotungstic acid [20]. SEM (Quanta FEG 250, Thermo Fisher, Czech 283 

Republic) was used to study surface structure, with gold-coated freeze-dried samples imaged at 284 

20 kV and 10 mm working distance [39]. 285 

FT-IR analysis was performed using a JASCO 6100 spectrophotometer (Tokyo, Japan) to assess 286 

potential chemical interactions between components in the optimized formulations. Samples of 287 

HPβCD, EPI-βCD, DPC, Liquorice extract, and glycyrrhetinic acid freeze-dried NSs (L3 and 288 

L4) were each blended with KBr and compressed into pellets under 200 kg/cm² for two minutes 289 

using a hydraulic press. The spectra were recorded in the 4000–400 cm⁻¹ range against a KBr 290 

blank (Table 2). 291 

 292 

Table 2: Release kinetics parameters and corresponding correlation coefficients of Liquorice from the optimized 293 

NSs formulations. 294 

Code Q6h ± SD (%) 
0-Order   1-Order  Higuchi Peppas 

2R 2R N 

L3 in acidic 

medium 
40.32±0.87 0.6585 0.5829 0.7096 0.9309 0.1572 

L4 in acidic 

medium 
19.48±1.65 0.5733 0.4694 0.8758 0.9487 0.1878 

L3 in alkaline 

medium 
60.14±2.17 0.8561 0.8232 0.7866 0.9528 0.2541 

L4 in alkaline 
medium 

55.25±2.23 0.5066 0.4271 0.7391 0.9103 0.1548 

Q6h: Percent total Liquorice released after 6 h. 295 

2.11. In-vitro release Study 296 

Liquorice EtOAc extract and glycyrrhetinic acid release from NSs (L3, L4) was 297 

evaluated in PBS (pH 5.5, 7.4) using dialysis bags (MWCO 12–14 kDa, Sigma-Aldrich). Bags 298 

containing 2 mg formulation were incubated in 100 mL PBS at 37.0 ± 0.50°C, 100 rpm. Samples 299 
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were withdrawn at intervals, replaced with fresh medium, and analyzed spectrophotometrically. 300 

Cumulative release was calculated, and kinetics was fitted to 0-order, 1-order, Higuchi, and 301 

Korsmeyer–Peppas models [40]. 302 

 303 

2.12. Antioxidants Activity of Extracts Different Plants (In vitro study). 304 

The antioxidant activity of different extracts from Liquorice and two other plants was 305 

assessed in vitro using ABTS.+ and DPPH.- radical assays. Total methanol extracts and fractions 306 

(Pet. ether, DCM, EtOAc, n-BuOH, H₂O) were tested at concentrations ranging from 0.5-307 

30 µg/mL. AA and Trolox served as standards group. DPPH was measured by mixing 2 mL 308 

extract (100 µg/mL) with 2 mL DPPH (100 µM in methanol), incubating in the dark room for 15 309 

min, and recording absorbance at 517nm. Inhibition (%) was calculated as: [(A_control – 310 

A_sample) / A_control] × 100 [41]. ABTS•+ was generated by reacting 7 mM ABTS with 2.45 311 

mM K₂S₂O₈ for 12–16 h and diluting to an absorbance of 0.70 ± 0.05 at 734nm. Then, 50 µL 312 

sample or Trolox was mixed with 1 mL ABTS•+ solution, and absorbance was measured at 734 313 

nm (1 - 6 min). Activity was expressed relative to AA and Trolox standards [42]. 314 

 315 

 2.13. Determination of Skin Sensitivity to Liquorice EtOAc, Liquorice EtOAc Nano-316 

sponge, Liquorice Glycyrrhetinic acid and Liquorice Glycyrrhetinic acid Functionalized 317 

Nano-sponge: 318 

 Twenty male rats were utilized and equally divided into four groups.  Twenty- four hours 319 

before the test, dorsal body hair was shaved, with caution not to abrade the skin. The tested 320 

substances were administered over a definite skin area (≈ 4 cm²). They were initially placed on a 321 

gauze patch and subsequently applied to the skin under a semi-occlusive dressing for duration of 322 

four hours. 323 

 Up to three test patches were sequentially applied to each animal. The first patch was 324 

removed after 3 minutes; as no serious skin reaction was observed, a second patch was applied at 325 

a different site and removed after 1 hour. Based on the absence of adverse effects, exposure was 326 

extended to 4 hours with a third patch, after which the response was graded. The test substance’s 327 

potential to cause skin irritation was then assessed. Following the 4th hour exposure, any residual 328 

compound was carefully removed, without disturbing the skin response or epidermal integrity. 329 

Animals were subsequently examined for signs of erythema and oedema [43]. 330 

 331 

2.14. Efficacy Study of the Therapeutic effects of Local application of Liquorice EtOAc, Liquorice 332 

EtOAc nano-sponge, Liquorice Glycyrrhetinic acid and Liquorice Glycyrrhetinic acid 333 

Functionalized Nano-sponge on Skin Inflammation in rats: 334 

The dorsal aspects of thirty-five male rats were shaved then the animals were distributed 335 

into seven groups (each consisted of five rats). The groups were classified as follows:  336 

-Normal group: for which hair shaving only was done.  337 

-Nasal inflammation and corporal skin inflammation of the dorsal body aspect, were induced in 338 

the other rats as follows: Thirty rats were scratched gently with a sterilized needle tip to induce 339 

superficial wound together with instillation of 0.05 ml of 1750 nmol/1 capsaicin solution into 340 

each nostril of every rat. Capsaicin solution was prepared by dissolving capsaicin in a vehicle 341 

containing equal volumes of 10% ethanol, 10% Tween 80 and 80% saline [44]. Then the rats 342 

were subdivided into six groups as follows:  343 

-Positive control (Untreated) group: Rats that didn’t receive treatment. 344 
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-Four treated groups: 1st was treated with Liquorice EtOAc extract, 2nd was treated with 345 

Liquorice EtOAc nano-sponge, 3rd was treated with Liquorice Glycyrrhetinic acid and 4th was 346 

treated with Liquorice Glycyrrhetinic acid functionalized nano-sponge.  347 

Each treatment was applied in the form of paint on the dorsal skin lesions and nasal drops in each 348 

nostril. The doses of either the paint or the nasal drop in each nostril were 0.25 ml (each one ml 349 

of lotion contained one mg of tested substance).  350 

After twenty-four hours, macroscopic assessment of the noses by inspection was done by 351 

giving a grading score, where 0= normal nostril appearance without swelling or redness, 1= nasal 352 

redness, 2= nasal oedema with redness (0 is the best and 2 is the worst grade). Assessment of the 353 

dorsal skin scratch healing by inspection was given the following score: 0= intact dorsal skin, 1= 354 

formation of brownish fibrous tissue and reduction in the size of the scratch denoting the 355 

beginning of healing, 2=beginning of formation of faint brownish fibrous tissue at the site of 356 

scratches, 3= red scratches with surrounding oedema without development of fibrous tissue (0 is 357 

the best and 3 is the worst grade).  358 

After macroscopic evaluation, blood samples were collected from retro orbital plexus of veins of 359 

all rats, and were processed for performing the biochemical analysis in sera [45]. ICAM-1, IL-β4 360 

and LT-B4 were measured in serum by using high grade ELISA kits, and the maneuvers 361 

followed the manufacturer’s guidelines. 362 

Dorsal skin and nasal tissues were collected, fixed in 10% neutral-buffered formalin (≥12 h), 363 

rinsed, dehydrated in graded ethanol, cleared with xylene, and embedded in paraffin. Serial 3 µm 364 

sections were stained with H&E [46]. Microscopic examination and imaging were performed 365 

using an Olympus CX41 microscope with an SC100 digital camera (Pathology Lab, NRC). 366 

Photomicrographs were processed with Adobe Photoshop v8.0. 367 

 368 

2.15. Statistical Analysis  369 

Data were expressed as means ± standard error (SE). Statistical analyses were performed 370 

using “One-way Analysis of Variance (ANOVA)” followed by “Tukey–Kramer’s” post hoc test, 371 

with significance values p ≤ 0.001. All computations were conducted using Graph Pad Prism 372 

(version 8). 373 

 374 

 375 

3. Results  376 

3.1. Plant extraction and Phytochemical screening 377 

  Plant materials were macerated in 70% methanol for 48 h at room temperature. The collected 378 

extracts were evaporated to dryness under vacuum at 40 °C, suspended in distilled water, and left 379 

overnight. Successive partitioning was carried out with DCM, EtOAc, and n-BuOH using a 380 

rotary evaporator. All fractions were filtered through Whatman No. 54 paper [47]. 381 

Phytochemical screening of Liquorice and its fractions revealed diverse secondary 382 

metabolites with varying distribution based on solvent polarity. Carbohydrates, tannins, 383 

flavonoids, and saponins were abundant in the total extract, butanol, and aqueous fractions, 384 

indicating their polar nature. Non-polar fractions (Pet. ether, CH₂Cl₂) were rich in sterols, 385 

triterpenes, and alkaloids. Saponins were present across most fractions, showing both polar and 386 

semi-polar solubility. Coumarins were detected mainly in CH₂Cl₂ and butanol, while flavonoids 387 

were more prominent in butanol and EtOAc. Notably, volatile oils were absent in all tested 388 

fractions shown in Table S1.   389 

 390 



11 

 

3.2.Compound Characterization 391 

The isolated compound was identified as glycyrrhetinic acid, a pentacyclic triterpenoid 392 

classified under the oleanane type. This identification was established through detailed analysis 393 

of its 1H & 13C NMR spectra (Figure S1) and LC-MSMS. 394 

 The 1H NMR spectrum exhibited characteristic signals in the olefinic and aromatic 395 

regions, specifically between δ 5.70 and 7.84 ppm, which are indicative of unsaturated hydrogen 396 

atoms. In addition, several signals appeared in the aliphatic region (δ 0.80–3.24 ppm), consistent 397 

with a triterpenoid group. The 13C NMR spectrum further supported this structural assignment, 398 

displaying deshielded carbon signals between δ 169 and 188 ppm, corresponding to carbonyl 399 

functionalities such as a carboxylic acid and a ketone. Signals observed in the range of δ 76–78 400 

ppm were attributed to oxygenated sp³ hybridized carbons, consistent with a hydroxylated carbon 401 

center in Figure 1. Taken together, the spectral data revealed the presence of a carboxylic acid 402 

group at the C-30 position, a hydroxyl group at C-3 in the β-orientation, a ketone function at C-403 

11, and a double bond between C-12 and C-13.  404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 

 412 

                                                          413 

                             414 

                               415 

 416 

 417 

 418 

Figure 1. LC-MSMS fragmented pattern of the glycyrrhetinic acid in negative ionization mode. 419 

 420 
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3.3. HPLC-ESI-MSn and UPLC-HRMS for Liquorice roots. 423 

LC–HRMS analysis enabled the annotation of 62 metabolites in Liquorice extracts, spanning 424 

phenolic acids, amino acids, flavonoids, flavonoid glycosides, chalcones, and triterpene saponins 425 

(Table 3 and Figure 2). Early-eluting compounds (RT 3-5 min) were assigned to small phenolic 426 

acids and amino acids, including catechol, gallic acid, caffeic acid, 6,7-dihydroxycoumarin, and 427 

tryptophan. Accurate mass measurements were within ±4 ppm. MS/MS spectra showed 428 

characteristic fragment ions: caffeic acid yielded m/z 135 and 107, gallic acid showed m/z 125 429 

and 151, and tryptophan produced a base peak at m/z 159, consistent with indole ring cleavage. 430 

The compounds eluting between RT (7-10 min) was included isoflavones (genistin, glycitein, 431 

biochanin A, and genistein), flavones (apigenin-7-lactate, and chrysin), and chalcones 432 

(pallidiflorin, licochalcone A, iso-liquiritigenin). Their MS/MS spectra were dominated by 433 

aglycone fragment ions (m/z 253-269) and neutral losses of sugar moieties (162 Da). Genistin 434 

([M-H]-, m/z 431.0979) produced a fragment at m/z 269 corresponding to the genistein aglycone. 435 

Iso-liquiritigenin yielded a diagnostic fragment at m/z 255. The RT Between (15–30 min), 436 

several glycosylated flavonoids were detected, including iso-liquiritin apioside (m/z 549), iso-437 

liquiritin (m/z 417), ononin (m/z 429), glucoliquiritin apioside (m/z 711), liquiritin apioside (m/z 438 

549), and liquiritin (m/z 417). MS/MS spectra showed sequential losses of apiose and glucose, 439 

with a consistent aglycone ion at m/z 255. C-glycosyl flavones such as shaftoside and vicenin-2 440 

displayed diagnostic fragments at m/z 383 and 353, characteristic of cross-ring cleavages. 441 

Several compounds at RT between (26–33) min were assigned to liquorice glycoside isomers 442 

(A/C1/C2 and B/D1/D2), observed at [M-H]- m/z 725 or 695, with fragment ions at m/z 549 and 443 

255. Licuroside (m/z 549) was also detected, producing aglycone fragments at m/z 255 and 134. 444 

Later-eluting compounds between (RT 30-42 min) were identified as triterpene saponins, 445 

including Liquorice saponins J2, A3, G2, H2, albiziasaponins, uralsaponins, and glycyrrhizin. 446 

These compounds exhibited high-mass precursor ions (m/z 823–1011) and characteristic 447 

fragments at m/z 351, 193, and 113. Glycyrrhizin was identified at RT 37.7 min ([M-H]- m/z 448 

821.4249, mass error 3.65 ppm). Glycyrrhetinic acid was also detected at RT 10.24 min ([M-H]- 449 

m/z 469). A late-eluting peak at RT 62.8 min was annotated as glucoliquiritin apioside ([M-H]-
450 

m/z 711.2133). Its MS/MS spectrum showed fragments at m/z 583, 549, 323, and 255, 451 

corresponding to stepwise sugar losses and the liquiritigenin aglycone. 452 

 453 

 454 

Figure 2: TIC of EtOAc fraction of Liquorice 455 

RT: 1.52 - 15.01 SM: 15G
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 456 

Table 3:  Secondary metabolites in Glycyrrhiza glabra roots were identified using two 457 

complementary analytical platforms: HPLC-ESI-MSn and UPLC-HESI-MS/MS.  458 

N

o 

RT [Min] 

ESI-MSn/ 

HRMS 

metabolite 

identification 

Chemical 

formula 

HRMS/ negative ion mode ESI(-) ESI-MSn / Fragmentation in 

Ref. 
Fragmentations Ions 

Measured 

& 

calculated 

Mass 

accuracy 

(ppm) 

negative ion 

mode ESI(-) 

positive ion 

mode ESI(+) 

Phenolic compounds and amino acids  Groups 

1 -/3.52 Catechol C6H5O2 65.0381 
109.0280, 

109.0284 
-3.8644 - - [48] 

2 -/4.16 trans-Caffeic acid C9H8O4 135.0445, 107.0482 
179.0338, 
179.0339 

-0.5711 - - MS-Dial 

3 -/4.21 
6,7-

Dihydroxycoumarin 
C9H6O4 133.0281, 105.0331 

177.0182, 
177.0182 

-0.0051 - - MS-Dial 

4 -/4.23 Gallic acid C7H6O5 151.0022, 125.0230 
169.0132, 
169.0131 

0.0197 - - [48] 

5 -/4.31 Tryptophan C12H12O3 159.0803 
203.0704, 
203.0703 

0.5814 - - MS-Dial 

6 -/5.54 
Hydroxy-methylglutaric 

acid 
C10H10O2 119.0487, 73.0278 

161.0595, 

161.0597 
-1.0324 - - MS-Dial 

7 -/5.25 trans-Ferulic acid C10H10O4 
178.0259, 149.0594, 

134.0357 

193.0493, 

193.0495 
-0.9756 - - MS-Dial 

8 -/5.27 Apigenin-7-lactate C18H14O7 
311.0563, 283.0599, 

269.0448 

431.0663, 

431.0656 
2.1565 - - MS-Dial 

Chalcone,  Isoflavone,  Flavone and   Flavanone  Groups 

9 -/6.97 Genistin C21H20O10 
370.0005, 269.0808, 

250.0097, 89.0227 

431.0979, 

431.0973 
1.5257 - - [49] 

10 -/7.55 Pallidiflorin C16H12O4 
252.0422, 239.0345, 

141.1164 

267.0652, 

267.0656 
-0.1135 - - Knapsack 

11 -/7.80 Biochanin A C16H12O5 
268.0376, 253.0507, 
196.0527, 171.0440, 

148.0152 

283.0609, 

283.0601 
2.6571 - - Knapsack 

12 -/7.62 Glycitein C16H11O5 

268.0377, 253.0507, 
223.0392, 195.0447, 

171.0440, 148.0153, 

135.0076 

283.0609, 

283.0601 
2.6571 - - [49] 

13 -/7.90 Genistein C15H10O5 
241.0499, 197.0594, 
133.0279, 93.0322 

269.0455, 
269.0444 

3.7961 - - [49] 

14 -/8.23 Iso-liquiritigenin C15H12O4 119.0487, 91.0173 

255.0661, 

255.0652 

 

3.4108 - - [50] 

15 -/8.42 Chrysin C15H10O4 191.0706, 135.0075 
253.0504, 
253.0495 

3.2958 - - Knapsack 

16 -/10.11 Licochalcone A C21H21O4 
201.0914, 187.0755 
[M-H-A-CO-CH3O]- 

337.1445, 

337.1434 
3.1592 - - [50] 

17 15.5/6.89 Iso-liquiritin apioside 

 

C26H30O13 
 

492.1078, 255.0660, 

173.9929, 135.0070 

549.1611, 

549.1603 
1.5761 

549, 255, 134, 

296, 429 

551, 419, 256, 

136 
[51] 

https://pubchem.ncbi.nlm.nih.gov/#query=C26H30O13
https://pubchem.ncbi.nlm.nih.gov/#query=C26H30O13
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18 
15.9/6.20/

5.31 
Shaftoside C26H28O14 

503.1194, 383.0772, 

353.0668 

563.1397, 

563.1395 
0.3155 

563, 545, 503, 
443, 353, 383,  

354, 83 

565, 562, 547, 

433, 456, 346 
[52] 

19 21.7/ 7.34 Iso-Liquiritin C21H22O9 
297.0661, 153.0182, 

135.0074 

417.1182, 

417.1180 
0.4458 417, 255, 135 

419, 257, 238, 

137, 154 
[51] 

20 16.1/3.16 Ononin C22H22O9 341.1071 
429.1191, 

429.1195 
0.9321 

429, 255, 135, 90, 

296 
- [52] 

21 16.2/5.95 
Glucoliquriritin 

apioside 
C32H40O18 

549.1613, 429.1087, 

255.0661, 135.0077 

711.2229, 

711.2220 
-1.3033 

711 , 549, 255, 

218 
- [53] 

22 17.9/5.19 Vicenin-2 C27H30O15 
473.1076, 383.0777, 

353.0671 
593.1542, 
593.1567 

3.3718 
593, 474, 441, 

383, 354 

595, 577, 529, 

457, 427, 409, 

379, 324 

[52, 53] 

23 20.1/5.93 Iso-violanthin C27H30O14 
457.1145, 413.0859, 
383.0761, 353.0668, 

283.0603 

577.1614, 

577.1617 
0.5197 

577, 559, 457, 

383, 364 
- [52] 

24 20.8/5.19 violanthin C27H30O14 
503.1194, 457.1127, 
413.0845, 383.0775, 

353.0665 

577.1602, 

577.1611 
1.5593 

577, 559, 503, 
457, 382, 352, 

296, 190 

579, 525, 507, 
489, 459, 427, 

375, 188 

[53] 

25 20.8 liquiritin apioside C26H30O13 

429.1049, 297.0766, 

255.0661, 191.0342, 
135.0072 

549.1614, 

549.1603 
2.0207 

549, 429, 255, 

134, 91, 297 
- [53] 

26 5.74 
Chalconaringenin-4-O-

glucoside 
 

C21H22O10 
364.0956, 271.0612, 

151.0023 
433.1122, 
433.1129 

-1.7804 - - [53] 

27 26.6/7.91 
Liquorice glycoside 

A/C1/C2 or isomer 
C36H38O16 

549.1594, 255.0661, 

175.0392 

725.2269, 

725.2271 
0.2757 

725, 459, 255, 

211 
- [52] 

28 27/8.08 
Liquorice glycoside 

A/C1/C2 or isomer 
C36H38O16 

459.1630, 279.0772, 
255.0662, 223.0607, 

175.0390 

725.2269, 

725.2271 
0.2757 

725, 549, 255, 

202 
- [52] 

29 27.2/8.22 
Liquorice glycoside A/ 

C1/ C2 or isomer 
C36H38O16 

549.1064, 429.1064, 
255.0061, 175.0391, 

135.0074 

725.2269, 

725.2271 
0.2757 

725, 549, 255, 

429 

551, 419, 256, 

238, 136, 81 
[52] 

30 28.1/8.28 Licuroside C26H29O13 255.0661, 135.0075 
549.1599, 
549.1603 

-0.6467 
549, 254, 218, 

134 
- [51] 

31 28.7/8.65 
Liquorice glycoside 
A/C1/C2 or isomar 

C36H38O16 549.1625, 255.0662 
725.2211, 
725.2210 

-0.1378 

725, 695, 512, 

399, 255, 209, 

549 

- [52] 

32 29.2/6.62 liquiritin C21H22O9 255.0661, 135.0074 
417.2280, 

417.2272 
1.9201 417, 255, 135 

419, 257, 238, 

137 
[53] 

33 29.3/7.07 
Liquorice glycoside  

B/D1/D2 
C35H36O15 

549.1625, 531.1503, 

399.1065, 255.0662, 
145.0282 

695.1113, 

695.1117 
0.5754 

695, 549, 296, 

255 

697, 441, 260, 

214, 196 
[52] 

34 33.1/6.48 
Liquorice glycoside 

B/D1/D2 
C35H36O15 351.1495, 255.0659 

695.2163, 

695.2160 
-0.4315 

695, 549, 254, 

218 
- [52] 

35 31.9/8.80 
Liquorice glycoside A/ 

C1/ C2 
C36H38O16 

549.1614, 350.3724, 
255.0657[C15H11O4], 

175.0392, 135.0077, 

64.9919 

725.2269, 

725.2271 
0.2757 

725, 549, 531, 

255 

727, 709, 678, 

357, 291 
[52] 

36 32.6/7.97 
Liquorice glycoside 

B/D1/D2 
C35H36O15 

531.1495, 
255.0662 

695.2172, 
695.2180 

1.1507 695, 549, 255 

697, 535, 335, 

299, 145, 178, 

119 

[52] 

37 
62.8/11.1

5 
Glucoliquiritin aposide 

or isomer 
  
C32H40O18 

549.1616, 285.9402, 
255.0652 

711.2133, 
711.2138 

0.7030 
711, 549, 323, 

729, 583 
713, 657, 603, 

537, 333 
[52] 

38 67.1 
Liquorice glycoside 

B/D1/D2 
C35H36O15 549.1632, 255.0661 

695.1111, 

695.1118 
1.007 695, 549, 255 - [52] 

Triterpene saponin Groups 

39 30.3/ 9.47 
Liquorice saponin 
J2/Uralsaponin C 

C42H64O16 351.0564 
823.4434, 
823.4449 

1.8216 
823, 791, 350, 

192, 112 
- [52] 

40 
29.6/11.2

8 

Liquorice saponin 

J2/Uralsaponin C 
C42H64O16 

351.0569, 323.1292, 

223.0603 

823.4110, 

823.4111 
0.1214 

823, 351, 192, 

174 
- [52] 

41 30.6/8.93 
Liquorice saponin A3 

or isomer 
C48H72O21 

821.4158, 459.1624, 
573.4298, 403.1858, 

351.0561, 193.047 

983.5046, 

983.5056 
1.0167 

983, 821, 803, 

351 
- [51] 

42 31.1/9.27 
Yunganoside K1 or 

isomer 
C48H72O21 

821.4240, 594.5227, 
497.1123, 351.0561, 

339.0911 

983.5299, 

983.5289 
-1.0167 983, 821, 350 

985, 453, 435, 
389, 319,  

240, 174, 120 

[53] 

43 31.6/ yunganoside K2 C42H62O17 
485.3271, 351.0566, 

289.0562, 193.0345, 

837.4304, 

837.4297 
-0.8358 

837, 351, 288, 

192, 112 
- [53] 
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 459 

 # Chemical formulas were determined based on accurate mass measurements from HESI-MS/MS, and 460 

fragmentation pathways were elucidated using ESI-MSn data 461 

 462 

3.4. Determination of the calibration curve of liquorice. 463 

The calibration curve was constructed by plotting the absorbance of different solutions 464 

against their corresponding concentrations. Figure S2 shows a straight line in both medium, 465 

indicating excellent linearity within this concentration range. The correlation coefficient for this 466 

calibration curve was determined to be 0.998 in both medium (PBS 5.5 and PBS 7.4), confirming 467 

a strong linear relationship between concentration and absorbance. The absorbance wavelength 468 

was 272 in PBS 5.5 and 321.2 in PBS 7.4. 469 

 470 

3.5. Preparation of liquorice NSs: 471 

113.0228 

44 32/8.87 
Albiziasaponin B or 

isomer 
C48H74O18 497.1140 

969.5560,  
969.5561 

-0.4315 
969, 907, 864, 
793, 497,  351 

- [52] 

45 32.9/9.71 
24-hydroxyl-

glycyrrhizin 
C42H62O17 

351.0567, 280.9596, 

193.0343, 113.0227 

837.4277, 

837.4297 
2.3882 

837, 351, 288, 

192, 130 
- [53] 

46 33.6/7.59 
22-Acetoxyl-
glycyrrhizin 

C44H64O18 351.0572, 193.0340 
879.4341, 
879.4377 

4.0935 
879, 351, 192, 

172, 130 
-  

47 34.4/9.12 
Albiziasaponin B or 

isomer 
C48H74O18 497.1163 

969.5214, 

969.5210 
-0.4125 

969, 807, 351, 

266 
- [52] 

48 35.1/9.88 Liquorice saponin G2  C42H62O17 
661.3712, 490.9352, 
351.0570, 289.0569, 

193.0345, 113.0228 

837.4328, 

837.4297 
-3.7017 

837, 775, 351, 

192, 112 
- [51] 

49 37/10.24 glycyrrhetinic acid C30H46O4 425.3432[C29H45O2],  
469.3324, 
469.3312 

2.4740 469, 425 
471, 453,413,   

 286  ,236  
[54] 

50 36/10.40 
Isomer of Liquorice 

saponin G2 
C42H62O17 

661.3624, 488.3778, 

351.0569 [C12H15O12], 

289.0570, 193.0343, 
113.0229 

837.4279, 

837.4297 
2.1494 

837, 351, 288, 

192, 112 

839, 834, 487, 
423, 188, 156, 

84 

[51] 

51 
36.1/10.5

7 
Macedenosin B C42H62O17 

418.1939, 351.0569 

[C12H15O12], 289.0562, 
193.0344, 113.0229 

837.4298, 

837.4297 
-0.1194 

837, 351, 192, 

112 

839, 487, 842, 

627, 488, 451, 
442, 319, 235 

[53] 

52 36.5 
/ Macedenosin A or 

isomer 
C42H62O17 

351.0565 [C12H15O12], 

193.0342, 113.0230 

837.4399, 

837.4397 
-0.2388 

837, 351, 192, 

112 
- [53] 

53 37.7/8.84 18-α-glycyrrhizin C42H62O16 

645.3840, 536.3412, 
351.0570[C12H15O12], 

289.0565, 193.0343, 

113.0229 

821.4249, 

821.4279 
3.6521 

821, 645, 351, 

192, 112 
- [55] 

54 
38.1/10.2

0 
macedonoside C C42H62O16 351.0572, 193.0339 

821.4232, 

821.4279 
5.7217 

821, 803, 469, 

351 
- [52] 

55 
38.6/10.8

6 
Liquorice sponin D3 C50H76O21 

497.1222 [C29H21O8], 

321.0835 [C12H17O10], 
113.0230 [C5H5O3] 

1011.5358, 

1011.5383 
2.4714 

1011, 993, 497, 

321 
- [56] 

56 39/10.37 Yunganoside L2 C42H62O16 

351.0569 [C12H15O12], 

289.0550, 193.0344, 
113.0229 

821.4280, 

821.4279 
-0.1217 

821, 803, 351, 

192, 112 
- [52] 

57 
39.4/10.5

5 
Uralsaponin A C42H62O16 

489.3746, 351.0571, 

289.0567, 193.0342, 

113.0229 

821.4281, 
821.4279 

-0.2434 
821, 351, 298, 

192, 156 
- [52] 

58 39.7/8.48 Apioglycyrrhizin C41H62O14 627.36.43, 561.3840 
777.4364,  
777.4388   

3.0870 
777, 627, 425, 

355 
- [52] 

59 
40.7/10.7

3 
Liquorice  saponin H2 C42H62O16 

645.3675, 351.0571, 

289.0566, 193.0346, 
157.0130, 113.0229 

821.4247, 

821.4279 
3.8956 

821, 803, 671, 

645, 759, 351 
- [51] 

60 41/7.88 
Albiziasaponin B  

or isomer 
C47H74O18 497.1173, 351.0568 

969.5239, 

969.5249 
1.0314 

969, 951, 497, 

436, 351, 338 
- [52] 

61 41.8/7.32 
Albiziasaponin B  

or isomer 
C47H74O18 497.1158, 351.0568 

969.5239, 
969.5272 

3.4037 
969, 497, 451, 

338, 262 
- [52] 

62 42/11.97 Liquorice saponin K2 C42H62O16 

351.0569, 289.0560, 

193.0345, 157.0131, 
113.0229 

821.4257, 

821.4279 
2.6782 

821, 803, 351, 

192, 112 

823, 611, 565, 

547 
[51] 
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β-Cyclodextrin was selected as the polymer for nano-sponge preparation due to its high 472 

complexing ability and stability with crosslinking agents. Diphenyl carbonate (DPC) was chosen 473 

as the cross-linker in the nano-sponge formulation based on its low lineal photo-degradation and 474 

lack of skin irritation and sensitization. 475 

 476 

3.6. Determination of Encapsulation efficiency and loading Capacity. 477 

Table (1) presents the encapsulation efficiency (EE%) of all Liquorice nano-sponges 478 

formulations, which ranged from 98.93 ± 7.22 to 100.07 ± 3.68. The molar ratio (1:4) showed 479 

higher encapsulation efficiency than (1:1). Loading capacity (LC) was observed to be higher in 480 

L3 (4:1), followed by L2 (1:4) and L1 (1:1). 481 

 482 

3.7. Physicochemical Characterization of Liquorice nano-sponges 483 

Liquorice nano-sponges analysis confirmed nanosized vesicles, with particle sizes ranging from 484 

200.6 ± 3.91 to 289.4 ± 4.83 nm (Table 1). The formulations exhibited low polydispersity index 485 

(PDI) values (0.505–0.618). Zeta potential measurements showed that the nano-sponges 486 

possessed highly negative ZP values, as presented in Table (1). 487 

 488 

 489 

3.8. Selection of Optimized NSs Formulation 490 

Based on EE%, LC%, VS, PDI, and ZP results, the 4:1 molar ratio of HP-β-CD to DPC was 491 

selected as optimal. Using the same ratio, NSs were prepared with Epi-βCD: DPC (4:1) for 492 

Liquorice EtOAc extract encapsulation (L4). The resulting formulation showed high EE%, 493 

nanosized vesicles, low PDI, and a suitable ZP value (Table 1). 494 

3.9. Characterization of the Optimized Liquorice nano-sponges 495 

  TEM imaging (Figure 3) revealed spherical, homogenous NSs without visible drug 496 

crystals on their surfaces.  497 
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498 

        Figure 3: TEM micrographs of Nano-sponges optimized formulations of Liquorice EtOAc 499 

(a) and glycyrrhetinic acid (b) 500 

Figure 4 presents the SEM micrographs of the developed NSs. The micrographs revealed 501 

nanosized, spherical particles with multiple surface pores. No residual drug crystals were 502 

observed, confirming complete encapsulation of the active compounds within the polymer 503 

matrix.  504 
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505 

Figure 4: SEM micrographs of Nano-sponges optimized formulations of Liquorice EtOAc (a) 506 

and glycyrrhetinic acid (b). 507 

 508 

The FT-IR spectra of Liquorice EtOAc extract and glycyrrhetinic acid loaded NSs (L3 509 

and L4) were compared to evaluate possible interactions between the glycyrrhetinic acid and 510 

excipients (Figure 5). HP-βCD displayed characteristic bands at 3415cm-1 (O-H stretching), 511 

2929cm-1 (C-H stretching), 1645 cm-1 (H-O-H bending), 1157cm⁻¹ (C-O stretching), and 512 

1031cm-1 (C-O-C stretchin) DPC showed a distinctive absorption band at 1753 cm-1 513 

corresponding to the carbonate bond.The spectrum of EPI-βCD exhibited peaks at 1288.36, 514 

1249.79, and 721.33 cm-1, along with CH2-Cl wagging and C-Cl stretching bands. It also 515 

displayed OH, CH₂, and C–O–C stretching vibrations at ~3452.34, 3411.84, 3271.05, 2933.53, 516 

and 1099.35cm-1. The liquorice EtOAc extract spectrum showed bands at 1372 and 1421 cm⁻¹ (-517 

CH bending), and at 2925.85cm⁻¹ (-CH stretching), consistent with the presence of methyl and 518 

methylene groups in sugars, proteins, amino acids, and fatty acids. Additional signals were 519 

detected at 1040.78cm-1 (C–C stretching) and 1512.75cm-1 (C=C stretching of aromatic rings). 520 

The optimized NSs formulations EtOAc and glycyrrhetinic acid (L3 and L4) displayed shifts and 521 

broadening of characteristic peaks. 522 

 523 



19 

 

 524 

Figure 5: FT-IR spectra of nano-sponge components and optimized formulations, including Liquorice EtOAc-525 

formulated nanosponges (L3), glycyrrhetinic acid-loaded nanosponges (L4), and Liquorice extract alone. 526 

 527 

 528 

3.10. In vitro Release Study 529 

The release behavior of Liquorice from the developed nano-sponges formulations in acidic 530 

and alkaline media is presented in Figure 6. In vitro release studies demonstrated a sustained 531 

drug release over 24 hours. The release profile followed a biphasic pattern, with an initial burst 532 

release followed by a slower, prolonged release phase. Release in alkaline medium was 533 

significantly higher than in acidic medium (p ≤ 0.05). Mathematical modeling of the release 534 

kinetics showed that the correlation coefficient (R²) values were more consistent with Higuchi’s 535 

model than with zero-order or first-order models (R² = 0.7096–0.8758). The calculated release 536 

exponent (n) values ranged from 0.1548 to 0.2541. 537 
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 538 

 539 

Figure 6: In-vitro release profiles of drugs from Nano-sponges optimized formulations (L3 and 540 

L4) at acidic medium (PBS 5.5) and alkaline medium (PBS 7.4). 541 

 542 

3.11. Antioxidant activity 543 

The antioxidant potential of the total extract, fractions, and glycyrrhetinic acid isolated 544 

compound was assessed by ABTS and DPPH assays, with vitamin C and Trolox as references 545 

standards. In the ABTS assay, vitamin C and glycyrrhetinic acid achieved complete inhibition at 546 

high concentrations, while the CH₂Cl₂, EtOAc, and BuOH fractions showed strong activity 547 

(>85%). At lower doses, EtOAc and BuOH retained substantial activity (62–78%), whereas 548 

glycyrrhetinic acid dropped markedly. The DPPH assay showed similar trends: vitamin C and 549 

Trolox gave the strongest dose dependent scavenging, while the total extract and EtOAc fraction 550 

maintained high inhibition (>75% at 50 µg/mL). CH₂Cl₂ and petroleum ether were weaker, and 551 

BuOH showed modest effects. Gly displayed concentration-dependent but consistently lower 552 

activity than the standards in Figure 7. 553 
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      Figure 7:  In vitro DPPH. and ABTS+ antioxidant analysis of various extracts of the  Liquorice. 555 

 556 

  Both assays demonstrated that Liquorice extracts possess marked antioxidant activity, 557 

mainly concentrated in the phenolic-rich EtOAc and total extracts. Non-polar fractions 558 

(petroleum ether, CH₂Cl₂) showed weak efficacy, while BuOH was moderate. Glycyrrhetinic 559 

acid, though bioactive, contributed little compared to polyphenols. These findings confirm that 560 
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phenolic constituents are the main contributors to Liquorice antioxidant potential, consistent with 561 

previous reports. Among the tested fractions, the EtOAc extract exhibited the strongest and most 562 

consistent ABTS and DPPH radical-scavenging activity, comparable to the crude extract and 563 

superior to glycyrrhetinic acid alone in Figure 7. 564 

  565 

3.12. In vivo Pharmacological study 566 

 Owing to its high antioxidant capacity and richness in phenolic compounds, the EtOAc 567 

fraction and glycyrrhetinic acid isolated compound were chosen for subsequent in vivo animal 568 

experiments. Furthermore, the dermal sensitivity test in the current study showed that all 569 

Liquorice preparations were safe when applied to skin, as they didn’t cause any type of skin 570 

inflammation in the form of oedema or redness.  571 

According to the results of the dermal sensitivity test, the efficacy study was performed. 572 

Liquorice preparations were applied topically on dorsal aspects of rats that were scratched by a 573 

sterilized needle tip (0.25 ml equivalent to 0.25 mg), and were instilled in both nostrils of each 574 

rat (each drop is 0.25 ml). In the current efficacy study, all rats assigned to the normal group and 575 

accommodated under the same conditions as the other groups, had their shaved dorsal skin intact 576 

and showed no signs of inflammation in their nostrils. Therefore, they received a zero score on 577 

macroscopic examination (0% of rats showed inflammation of the nose and skin = 100% 578 

curation) (Figures 8a & b & figures 9 &16). 579 

 Their measured inflammatory markers in serum were 601.9 ± 6.35 pg/ml for ICAM-1 (Figure 580 

8c), 459.6 ± 27.98 pg/ml for IL-β4 (Figure 8d), and 926.7 ± 20.28 pg/ml for LTB-4 (Figure 8e). 581 

Histopathologic examination of their skin and nostrils also showed normal findings. The back 582 

skin consisted of an epidermis composed, from outside to inside, of the stratum corneum (black 583 

star) formed of keratin filaments, followed by the stratum granulosum, and then the stratum 584 

spinosum (yellow star) composed of irregular polygonal cells. The dermis was organized into 585 

two layers: the papillary layer (PL), characterized by fine collagen fibers and abundant blood 586 

vessels, and the deeper reticular layer (RL), formed of dense, thick collagen fibers (Figure 9). 587 

Examination of the nostrils revealed that the nasal cavity was lined with pseudostratified 588 

epithelium (PSE). The mucosa and submucosa contained numerous blood vessels (red arrows) 589 

along with mucin- and serous-secreting glands (Figure 16). 590 

On the other hand, the rats assigned to the positive control group had their backs 591 

scratched with a sterilized needle tip, and their nostrils were instilled with capsaicin. They were 592 

then left untreated for the duration of the experiment. These rats showed unhealed skin and signs 593 

of inflammation in the form of redness, while their nostrils appeared edematous and red in four 594 

out of five rats. Macroscopic grading of the skin in four rats of this group was 3 (80% of rats 595 

suffered severe inflammation), while the fifth rat was scored 2 (20% of rats suffered moderate 596 

inflammation) (Figure 8a & figure 10). Nasal grading for all rats was 2 (100% of rats suffered 597 

inflammation of the nose) (Figure 8b & figure 17), as all exhibited edema and redness, and one 598 

rat additionally showed hemorrhagic spots around the nostrils. This macroscopic grading was 599 

significantly higher than that of the normal group.  600 

Their ICAM-1, IL-β4, and LTB-4 levels were significantly higher than those of the normal and 601 

all treated groups, being 4631 ± 156.9, 3125 ± 13.81, and 3943 ± 41.05 pg/ml, respectively 602 

(Figures 8c, d & e). Histopathologic examination confirmed the biochemical assay results, as 603 

dermal tissue examination revealed that the epidermis had mainly lost the stratum corneum (red 604 

star) and stratum granulosum, while the stratum spinosum (yellow star) contained many pyknotic 605 

polygonal cells (red arrows). The dermal layer showed edema (E) separating collagen fibers with 606 
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scattered inflammatory cell infiltration (Figure 10). Histopathologic examination of the nose 607 

showed that the nasal cavity was lined by pseudostratified epithelium (PSE*), displaying 608 

detachment or complete denudation of the epithelial lining with focal ulceration (black arrow) 609 

due to injury or inflammation, as well as goblet cell depletion and signs of epithelial cell 610 

degeneration and nuclear karyolysis (yellow arrows). Submucosal changes due to edema (E) and 611 

atrophy of submucosal glands (blue arrows) were also detected (Figure 17). 612 

The results of treatment with Liquorice EtOAc extract, Liquorice EtOAc nano-sponge 613 

preparation, Liquorice glycyrrhetinic acid, Liquorice glycyrrhetinic acid functionalized nano-614 

sponge, as well as the blank nano-preparation in the efficacy study, showed noticeable 615 

improvement in the appearance of both the dorsal skin and the nose upon macroscopic 616 

examination. Regarding the nasal curative effect, treatment with Liquorice EtOAc extract 617 

resulted in 3 out of 5 rats being scored 1, and 2 out of 5 rats being scored 0, corresponding to a 618 

nasal curative rate of 40%. In the groups treated with either Liquorice EtOAc nano-sponge or 619 

Liquorice glycyrrhetinic acid, 1 out of 5 rats was scored 1 and 4 out of 5 rats were scored 0, 620 

corresponding to a nasal curative rate of 80% for each treatment. In contrast, treatment with 621 

Liquorice glycyrrhetinic acid functionalized nano-sponge achieved a nasal curative rate of 100%, 622 

as all rats were graded 0. On the other hand, in the group treated with the blank preparation, only 623 

1 out of 5 rats was graded 0, corresponding to a nasal curative rate of 20% (Figure 8a & figures 624 

18-22). 625 

Grading of dorsal skin healing revealed the following results: Rats treated with Liquorice EtOAc 626 

extract showed that 3 out of 5 rats were scored 2, and 2 out of 5 rats were scored 1, giving an 627 

initial dermal healing rate of 40%. In rats treated with Liquorice EtOAc nano-sponge 628 

preparation, 2 out of 5 rats were scored 2, and 3 out of 5 rats were scored 1, corresponding to an 629 

initial dermal healing rate of 60%. For the group treated with Liquorice glycyrrhetinic acid, all 630 

rats were scored 1, indicating an initial dermal healing rate of 100%. The best prognosis was 631 

observed in the group treated with Liquorice glycyrrhetinic acid functionalized nano-sponge, 632 

where 3 out of 5 r ats were scored 0 and 2 out of 5 were scored 1, indicating progression toward 633 

complete wound healing (complete dermal healing rate 60% and initial dermal healing rate 634 

40%). The poorest macroscopic appearance among all treatments was observed in the group 635 

treated with the blank preparation, in which 1 rat was graded 1, 2 rats were graded 2, 1 rat was 636 

graded 3, and only 1 rat was graded 0 (complete dermal healing rate 20%, initial dermal healing 637 

rate 20%, and 20% uncured) (Figure 8b & figures 11-15). 638 

Treatment with Liquorice preparations, as well as the blank nano-preparations, produced a 639 

significant reduction in the measured inflammatory biochemical parameters ICAM-1, IL-β4, and 640 

LTB-4 (Figures 8c, d & e) when compared to the positive control group. However, these results 641 

remained significantly higher than those of the normal group, except for the levels of LTB-4 in 642 

the EtOAc extract and glycyrrhetinic acid groups, which were not significantly different from the 643 

normal control group. It is noteworthy that the levels of ICAM-1 and IL-β4 in the Liquorice 644 

EtOAc nano-sponge group were significantly lower than those in the Liquorice EtOAc extract 645 

group. The levels of ICAM-1 in both the Liquorice glycyrrhetinic acid and glycyrrhetinic acid 646 

functionalized nano-sponge groups were significantly lower than in both Liquorice EtOAc 647 

groups. The levels of IL-β4 in both glycyrrhetinic acid groups were significantly higher than in 648 

the Liquorice EtOAc extract group; however, the IL-β4 level in the glycyrrhetinic acid 649 

functionalized nano-sponge group was significantly lower than that in the glycyrrhetinic acid 650 

group. The LTB-4 level in the glycyrrhetinic acid functionalized nano-sponge group was 651 

significantly higher than the levels observed in both the Liquorice EtOAc extract and Liquorice 652 
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glycyrrhetinic acid groups. The ICAM-1 level in the blank group was significantly higher than in 653 

the Liquorice glycyrrhetinic acid and glycyrrhetinic acid functionalized nano-sponge groups. 654 

However, the IL-β4 level in the blank group was significantly lower than that in the EtOAc 655 

extract group, but higher than in the Liquorice EtOAc nano-sponge, glycyrrhetinic acid, and 656 

glycyrrhetinic acid functionalized nano-sponge groups. The LTB-4 level in the blank group was 657 

significantly higher than in both Liquorice EtOAc groups and the glycyrrhetinic acid group. The 658 

ICAM-1 levels were 2805 ± 119.2, 1175 ± 58.76, 682.4 ± 8.25, 560.6 ± 15.35, and 1250 ± 80.74 659 

pg/ml, respectively, for the five groups. The IL-β4 levels were 1944 ± 100.46, 948.7 ± 25.73, 660 

819.6 ± 4.97, 500.4 ± 12.02, and 1668 ± 64 pg/ml, respectively, for the five groups. The LTB-4 661 

levels were 1313 ± 191.9, 1535 ± 34, 1105 ± 66.77, 1846 ± 95.35, and 2227 ± 170.6 pg/ml, 662 

respectively, for the five groups. 663 

Histopathologic Examination of the effects of treatment with Liquorice and the blank nano-664 

preparations on dermal and nasal tissues were confirmed through histopathologic examination, 665 

which revealed the following findings: Examination of the dermal tissue from the Liquorice 666 

EtOAc extract group showed an epidermis with pyknotic polygonal cells in the stratum spinosum 667 

(red arrow). The dermis consisted of a papillary layer (PL) characterized by loose, destructured 668 

connective tissue and a deeper reticular layer (RL) formed of thick collagen fibers infiltrated 669 

with inflammatory cells (Figure 11). In contrast, the skin tissues of both the Liquorice EtOAc 670 

nano-sponge and Liquorice glycyrrhetinic acid groups appeared normal. The epidermis 671 

consisted, from outside to inside, of the stratum corneum (black star) composed of keratin 672 

filaments, the stratum granulosum in the middle, and the stratum spinosum (yellow star) formed 673 

of irregular polygonal cells. The dermis included a PL with loose fine collagen fibers and 674 

numerous blood vessels, and a deeper RL composed of thick collagen fibers (Figures 12 & 13). 675 

The best dermal tissue architecture among all Liquorice treated groups was observed in the 676 

Liquorice glycyrrhetinic acid functionalized nano-sponge group. This group showed a normally 677 

structured epidermis with clearly defined stratum corneum, stratum granulosum, and stratum 678 

spinosum layers. The dermis appeared normal with minimal edema (E), composed of a PL and a 679 

deeper RL (Figure 14). 680 

Additionally, the blank nano-sponge group exhibited a nearly normal skin structure. The 681 

epidermis consisted, from outside to inside, of a stratum corneum (black star) formed of keratin 682 

filaments, a stratum granulosum in between, and a stratum spinosum (yellow star) composed of 683 

irregular polygonal cells. The dermis was formed of a PL containing fine collagen fibers and 684 

frequent blood vessels, and a deeper RL with thick collagen fibers (Figure 15). 685 

The nasal tissue of the  Liquorice EtOAc extract group showed that the nasal cavity was lined by 686 

pseudostratified epithelium (PSE) which showed normal appearance , average number of goblet 687 

cells, and the lamina propria had minimal inflammatory cell infiltration (Orange arrows), mainly 688 

concentrated around blood vessels (Red arrow), with edematous foci (Figure 18). While, 689 

Liquorice EtOAc nano-sponge preparation group nasal tissue examination, showed that the nasal 690 

cavity was lined by pseudostratified epithelium (PSE) which showed normal appearance , 691 

average number of goblet cells and the lamina propria had minimal inflammatory cell infiltration 692 

(Orange arrows), with decreased edema  (E) and average thickness and normal appearance of 693 

blood vessels (Red arrow) (Figure 19). The best histopathologic appearances of nasal tissues 694 

were those of Liquorice glycyrrhetinic acid and glycyrrhetinic acid functionalized nano-sponge 695 

groups which appeared as the normal nasal tissue, as the nasal cavities were lined by  normal 696 

looking pseudostratified epithelium (PSE ), average number of goblet cells  and the lamina 697 

propria had no  inflammatory cell infiltration, with minimal oedema in the tissues of the 698 

http://www.siumed.edu/~dking2/intro/epith.htm#pseudocol
http://www.siumed.edu/~dking2/intro/epith.htm#pseudocol
http://www.siumed.edu/~dking2/intro/epith.htm#pseudocol
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Liquorice glycyrrhetinic acid group, while there was no oedema in the tissues of the 699 

Functionalized glycyrrhetinic acid group (E) and normal looking blood vessels (Red arrow) 700 

(Figures 20&21). The photomicrography of nasal tissue of blank group, showed that he nasal 701 

cavity was lined by pseudostratified epithelium  702 

(PSE) which showed normal appearance and average number of goblet cells and the lamina 703 

propria had minimal inflammatory cell infiltration (Orange arrows) with decreased oedema (E) 704 

and vascular congestion (Fig 22). 705 

 706 

0.0

0.5

1.0

1.5

2.0

2.5

Fig8A: Grading of the Curative Effect of Topical Liquorice on

                   Nasal Inflammation

G
ra

d
in

g
 o

f 
n

a
sa

l 
in

fl
a
m

m
a
ti

o
n

Normal control

Liquorice EtOAc

Positive control

Liquorice EtOAc nano-sponge

Liquorice glycyrrhetinic  acid functionalized
nano-sponge

Blank of Liquorice nano preparations

a

Liquorice glycyrrhetinic  acid
b

b b

b

707 

 708 

0

1

2

3

4

                          Fig8B: Grading of the Curative Effect of Topical Liquorice

                           on Dorsal Skin  Inflammation

G
ra

d
in

g
 o

f 
d

o
rs

a
l 

sk
in

 i
n

fl
a
m

m
a
ti

o
n

Normal control

Liquorice EtOAc

Positive control

Liquorice EtOAc nano-sponge

Liquorice glycyrrhetinic  acid
functionalized nano-sponge

Blank of Liquorice nano preparations

a

Liquorice glycyrrhetinic  acid
a

ab

b

b

ab

709 

http://www.siumed.edu/~dking2/intro/epith.htm#pseudocol


25 

 

0

2000

4000

6000

                          Fig 8C:Effect of Topical Liquorice on ICAM-1

                        in  Inflammatory Skin Lesions

IC
A

M
 -

1
 (

p
g
/m

l)
.

Normal control

Liquorice EtOAc

Positive control

Liquorice EtOAc nano-sponge

Liquorice glycyrrhetinic acid
functionalized nano-sponge

Blank of Liquorice nano preparations

a

Liquorice glycyrrhetinic acid
ab

abc abef

bcd
bcd

710 

 711 

 712 

 713 

0

1000

2000

3000

4000

5000

L
T

B
-4

 (
p

g/
m

l)
.

Normal

Liquorice EtOAc

Positive control

Liquorice EtOAc nanosponge

Liquorice glycyrrhetinic  acid
functionalized nano-sponge

Blank of Liquorice nano preparations

a

Liquorice glycyrrhetinic  acid

b ab

abcde

bd

abce

Fig 8E: Effect of Topical  Liquorice on LTB-4 in
                  Inflammatory Skin Lesions

 714 

Figures 8 A-E: Results were expressed as means of values + standard error(SE). N=5. P value ≤ 0.001.  715 

(a) Significantly different from normal control group. (b) Significantly different from positive control 716 

(untreated) group. (c) Significantly different from Liquorice EtOAc extract group. (d) Significantly different 717 

from Liquorice EtOAc nano-sponge group. (e) Significantly different from Liquorice glycyrrhetinic acid 718 

group. (f) Significantly different from Liquorice glycyrrhetinic acid Functionalized nano-sponge group. 719 

The relation between the lengths of the columns and therapeutic effects are inversely proportionate. 720 
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   721 

 722 

Figure 9: A normal photography of the skin of the Normal group rat. A photomicrography of normal skin tissue of 723 

skin tissue of the same group, formed of epidermis which consist from outside to inside: Stratum cornum (black star) 724 

formed of keratin filaments, stratum granulosa in between and then stratum spinosum (yellow star) formed of 725 

irregular polygonal cells. The Dermis layer; formed of papillary layer (PL) consist of loose finer collagen and 726 

frequent blood vessels; and deeper reticular dermal layer (RL) formed of thick collagen fibers (H&E 400x)  727 

 728 

  729 

Figure 10: A photography of grade 3 scratch of skin of the dorsal aspect of a Positive control group rat. A 730 

photomicrography of skin tissue of the same group, shows that the epidermis mainly lost stratum cornum (Red star), 731 

stratum granulosa in between and then stratum spinosum (yellow star) have many of pyknotic polygonal cells (red 732 

arrows). The Dermis layer; show edema (E) separating collagen fiber with scattered inflammatory cells infiltrate 733 

(H&E 400x).  734 
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  735 

Figure 11: A photography of grade 2 scratch of skin of the dorsal aspect of a Liquorice EtOAc extract group rat. 736 

A photomicrography of skin tissue of the same group, formed of epidermis which show in stratum spinosum 737 

pyknotic polygonal cells (Red arrow). The Dermis layer; formed of papillary layer (PL) consist of loose desrtuctive; 738 

and deeper reticular dermal layer (RL) formed of thick collagen fibers with inflammatory cells infiltrate. (H&E 739 

400x) 740 

 741 

 742 

Figure 12: A photography of grade 2 scratch of skin of the dorsal aspect of a Liquorice EtOAc nano-sponge 743 

group rat. A photomicrography of skin tissue of the same group, formed of epidermis which consist from outside to 744 

inside: Stratum cornum (black star) formed of keratin filaments , stratum granulosa in between  and then stratum 745 

spinosum (yellow star) formed of irregular polygonal cells . The Dermis layer ; formed of papillary layer  (PL) 746 

consist of loose finer collagen and frequent blood vessels ; and deeper reticular dermal layer (RL) formed of thick 747 

collagen fibers . ( H&E 400x) 748 

 749 
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  750 

Figure 13: A photography of grade 1 scratch of skin of the dorsal aspect of a Liquorice Glycyrrhetinic acid group 751 

rat. A photomicrography of normal skin tissue of the same group, formed of epidermis which consist from outside to 752 

inside: Stratum cornum (black star) formed of keratin filaments , stratum granulosa in between  and then stratum 753 

spinosum (yellow star) formed of irregular polygonal cells . The Dermis layer ; formed of papillary layer  (PL) 754 

consist of loose finer collagen and frequent blood vessels ; and deeper reticular dermal layer (RL) formed of thick 755 

collagen fibers. (H&E 400x) 756 

 757 

  758 

Figure 14: A photography of grade 0-1 scratch of skin of the dorsal aspect of a Liquorice Glycyrrhetinic acid 759 

Functionalized  nano-sponge group rat. A photomicrography of normal skin tissue of the same group, formed of 760 

epidermis with normal appearance of Stratum cornum, stratum granulosa in between and then stratum spinosum. 761 

The Dermis layer normally looking with minimal edema (E); formed of papillary layer (PL); and deeper reticular 762 

dermal layer (RL). (H&E 400x) 763 
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 764 

Figure 15: A photography of grade 2-3 skin scratch of the dorsal aspect of Blank group rat. A photomicrography of 765 

normal skin tissue of the same group, formed of epidermis which consist from outside to inside: Stratum cornum 766 

(black star) formed of keratin filaments, stratum granulosa in between and then stratum spinosum (yellow star) 767 

formed of irregular polygonal cells. The Dermis layer; formed of papillary layer (PL) consists of loose finer collagen 768 

and frequent blood vessels; and deeper reticular dermal layer (RL) formed of thick collagen fibers. (H&E 400x) 769 

 770 

 771 

Figure 16: A normal photography of the nose of the Normal group: Photomicrography of nasal tissue of the same 772 

group, show that the nasal cavity is lined by pseudostratified epithelium (PSE) , mucosa and submucosa region filled 773 

of blood vessels (red arrows) , musin and serous secreting gland (H&E 400x).  774 
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 775 

Figure 17: A photography of the nose Positive control (Untreated) group: Red arrows point to the hemorrhagic 776 

spots, blue arrows point to severe oedema of the skin of the nostrils markedly narrowing the nasal orifices. 777 

Photomicrography of nasal tissue of the same group, show that the nasal cavity is lined by pseudostratified 778 

epithelium (PSE*) showing detachment or complete denudation of the epithelial lining with focus of  ulceration 779 

(Black arrow) due to injury or inflammation. Goblet cell depletion and signs of epithelial cells degeneration and 780 

nuclear Karyolysis (Yellow arrows). Submucosal Changes due to Edema (E) with atrophy of submucosal glands 781 

(Blue arrows). (H&E 400x) 782 

 783 

  784 

Figure 18: A photography of the nose of Liquorice EtOAc extract group: Blue arrow points to mild swelling of 785 

the skin surrounding the nasal orifice. Photomicrography of nasal tissue of the same group, shows that the nasal 786 

cavity is lined by pseudostratified epithelium (PSE) which showed normal appearance , average number of goblet 787 

cells , The lamina propria has minimal inflammatory cell infiltration (Orange arrows), mainly concentrated around 788 

blood vessels (Red arrow). with edematous foci(E). (H&E 400x) 789 
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 790 

Figure 19: A photography of the nose of the Liquorice EtOAc nano-sponge preparation group: Blue arrow 791 

points to minimal oedema skin of the nostrils, but preserving the patency of the nasal orifice. Photomicrography of 792 

nasal tissue of the same group, shows that the nasal cavity is lined by pseudostratified epithelium (PSE) which 793 

shows normal appearance , average number of goblet cells , The lamina propria has minimal inflammatory cell 794 

infiltration (Orange arrows), with decreased edema  (E) and average thickness and normal appearance of blood 795 

vessels (Red arrow). (H&E 400x) 796 

 797 

 798 

Figure 20: A photography of the nose of the Liquorice Glycyrrhetinic acid group showing normal appearance of 799 

nostrils. A photomicrography of nasal tissue of the same group, shows that the nasal cavity is lined by  normal 800 

looking pseudostratified epithelium (PSE ), average number of goblet cells ,  The lamina propria has no  801 

inflammatory cell infiltration, with minimal edema  (E) and normal looking blood vessels (Red arrow) (H&E 400x). 802 

 803 
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 804 

Figure 21: A photography of the nose of the Liquorice Glycyrrhetinic acid Functionalized nano-sponge group 805 

showing normal appearance of nostrils. A photomicrography of nasal tissue of  the same group, shows that the nasal 806 

cavity is lined by  normal looking pseudostratified epithelium (PSE ), average number of goblet cells ,  The lamina 807 

propria has no  inflammatory cell infiltration, nor  edema and normal looking blood vessels (Red arrow). (H&E 808 

400x) 809 

 810 

 811 

Figure 22: A photography of the nose of Blank group: Blue arrows point to moderate oedema of the skin of 812 

the nostrils narrowing the nasal orifices. Photomicrography of nasal tissue of the same group, shows that the 813 

nasal cavity is lined by pseudostratified epithelium (PSE) which shows normal appearance , average number of 814 

goblet cells.  The lamina propria has minimal inflammatory cell infiltration (Orange arrows), with decreased oedema  815 

(E) and vascular congestion. (H&E 400x). 816 

 817 
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4. Discussions 818 

The comprehensive metabolomic and phytochemical profiling of Glycyrrhiza glabra 819 

validates its longstanding ethnopharmacological reputation as a multifunctional medicinal plant 820 

with potent anti-inflammatory, antioxidant, and immunomodulatory activities. The identified 821 

metabolites including triterpene saponins, flavonoids, phenolic acids, and chalcones support the 822 

plant’s traditional applications in treating respiratory, hepatic, and inflammatory disorders [57]. 823 

Moreover, sequential solvent extraction demonstrated that metabolite distribution was highly 824 

dependent on polarity. Polar fractions contained carbohydrates, tannins, and flavonoids, while 825 

non-polar fractions were enriched with sterols and triterpenes. Such chemical variability 826 

underlies the differential pharmacological effects reported for aqueous versus ethanolic extracts, 827 

which are often used for mucosal soothing and anti-inflammatory purposes in traditional 828 

medicine  [58]. Glycyrrhetinic acid (GA), the principal bioactive derivative of glycyrrhizin, was 829 

efficiently isolated and structurally confirmed by NMR and LC-MSMS. These structural features 830 

align well with the literature-reported data for glycyrrhetinic acid [54], whose IUPAC name is 831 

(3β)-3-hydroxy-11-oxo-olean-12-en-30-oic acid. Accordingly, based on these observations, the 832 

identity of the compound was confidently confirmed in Figures (S1&1). LC-MSMS analysis of 833 

glycyrrhetinic acid (C30H46O4) revealed characteristic fragmentation patterns in both positive and 834 

negative ionization modes, confirming its structural identity. In the positive mode, a prominent 835 

protonated molecular ion [M+H]⁺ was detected at m/z 469.3312 (calculated m/z 469.3324; 836 

2.4740 ppm error). The major fragment ion at m/z 425.3427 [C29H45O2] corresponded to a 837 

neutral loss of CO2 (44 Da), indicating decarboxylation of the triterpenoid carboxyl group, 838 

which is an expected behavior for pentacyclic triterpenes. In the negative mode, a deprotonated 839 

molecular ion [M–H]⁻ was observed at m/z 471.3458 (calculated m/z 471.3469; -2.3162 ppm), 840 

consistent with the formula C30H47O4. The principal fragment at m/z 453.3368 [C30H45O3] 841 

resulted from dehydration (−18 Da), reflecting the loss of a hydroxyl group. The obtained 842 

fragmentation profile in both modes aligns well with previously reported spectra of 843 

glycyrrhetinic acid, confirming its structural integrity and purity within the EtOAc extract. The 844 

metabolite profile obtained highlights the chemical complexity and richness of liquorice roots, 845 

characterized by the co-occurrence of flavonoid-derived metabolites and triterpene saponins. The 846 

identification of early-eluting phenolic acids agrees with previous reports describing phenolic 847 

signatures in Glycyrrhiza species. Fragment ions of caffeic acid, gallic acid, and tryptophan 848 

reflected classical fragmentation behavior [48]. The fragmentation of isoflavones, flavones, and 849 

chalcones between RT 7–10 min was characterized by dominant aglycone ions and neutral losses 850 

of glucose, in agreement with [53]. The fragment m/z 255 generated from iso-liquiritigenin 851 

represents a key marker for chalcone flavanone interconversion, as previously described by [50]. 852 

The presence of numerous glycosylated flavonoids between RT 15–30 min, showing sequential 853 

losses of apiose and glucose, confirms extensive glycosylation patterns in liquorice roots. The 854 

consistent appearance of the liquiritigenin aglycone (m/z 255) supports its role as a core 855 

structural unit. Diagnostic fragments of shaftoside and vicenin-2 correspond to cross-ring 856 

cleavages typical of C-glycosyl flavones [51, 52]. The detection of multiple liquorice glycoside 857 

isomers at RT 26–33 min highlights the occurrence of positional and structural isomerism, which 858 

is a well-known feature of liquorice metabolite profiles. The presence of licuroside further 859 

supports this chemical diversity. Triterpene saponins identified between RT 30-42 min represent 860 

the characteristic oleanane-type constituents of Liquorice roots. Glycyrrhizin, confidently 861 

identified by its accurate mass and diagnostic fragment at m/z 351, confirms the presence of 862 
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multiple glycosidic linkages and represents a key marker compound. The late elution of 863 

glucoliquiritin apioside suggests strong chromatographic retention due to multiple sugar 864 

substitutions and possible isomerization, consistent with previous Liquorice metabolomics 865 

studies [51]. Altogether, the co-occurrence of flavonoid glycosides and triterpenoid saponins 866 

represents the dual chemical signature of liquorice roots. The identification of multiple glycoside 867 

isomers highlights the structural complexity that may contribute to differential bioactivity (Table 868 

3). Overall, the comprehensive annotation of 62 metabolites, supported by high mass accuracy 869 

(±3-5ppm) and diagnostic fragmentation patterns, confirms the dual chemical signature of 870 

liquorice roots, integrating flavonoid glycosides and triterpenoid saponins. This structural 871 

diversity likely underpins the broad spectrum of biological activities attributed to liquorice and 872 

provides a solid chemical basis for future bioactivity-guided and mechanistic studies (Figure 23). 873 

 874 

 875 

Figure 23: Glycyrrhiza glabra Bioactivity. 876 

 Its oleanane-type triterpenoid scaffold with hydroxyl, carbonyl, and carboxyl 877 

functionalities accounts for its broad pharmacological actions. Recent reviews highlight GA’s 878 

multitarget mechanisms particularly the inhibition of 11β-hydroxysteroid dehydrogenase type 2 879 

(11β-HSD2), suppression of NF-κB and MAPK pathways, and modulation of cytokine cascades 880 

[58]. These properties explain its cortisone-like effects without the adverse outcomes of synthetic 881 

corticosteroids. In parallel, untargeted UPLC-HRMS profiling revealed an abundance of 882 

bioactive phenolic acids (gallic, caffeic, ferulic), flavonoids (liquiritin, isoliquiritigenin, 883 

licochalcone A), and triterpenoid saponins. These secondary metabolites contribute 884 

synergistically to Liquorice’s antioxidant and hepatoprotective actions by regulating redox-885 

sensitive transcription factors such as Nrf2 and AP-1 [23]. The coexistence of glycosylated 886 

flavonoids and saponins likely enhances compound solubility, absorption, and membrane 887 

permeability, resulting in greater bioefficacy in vivo. This synergism between phenolic 888 

antioxidants and triterpenes represents a hallmark of G. glabra pharmacology. Phenolics 889 
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scavenge reactive oxygen species and modulate signaling cascades, while triterpenes act as 890 

enzyme inhibitors and membrane stabilizers, collectively mitigating oxidative and inflammatory 891 

stress. Such integrative effects justify the use of Liquorice in respiratory and dermatological 892 

formulations. Furthermore, modern delivery strategies such as β-cyclodextrin-based nanosponges 893 

address the physicochemical limitations of GA, improving solubility, stability, and sustained 894 

release. During the last decade, numerous attempts have been made to improve the preparation 895 

and application of nano-sponges. Cyclodextrin-based nano-sponges have gained the most focus 896 

and are the subject of extensive research [59]. Cyclodextrins are biodegradable, flexible 897 

chemicals utilized to improve the physico-chemical and pharmacological properties of given 898 

medicinal molecules [60]. Among the different types of natural cyclodextrins, β-cyclodextrin has 899 

the highest complexing ability and stability with crosslinking agents. Cyclodextrins also provide 900 

advantages for NSs preparation in terms of cavity size, low manufacturing costs, and increased 901 

productivity [61]. For NSs formulations, a variety of crosslinking agents have been investigated, 902 

including carbonyl diimmidazole, hexamethylenediisocynate, toluelyldianhydride, diisocynate, 903 

or carbonate and diphenyl carbonate [61]. DPC was selected as a cross-linker in our study due to 904 

its low lineal photodegradation, lack of skin irritation, and sensitization [38]. The consistently 905 

high encapsulation efficiency confirms the successful formulation of Liquorice nano-sponges. 906 

The strong crosslinking between HP-βCD and DPC likely contributed to this efficiency by 907 

facilitating greater incorporation of Liquorice within both the nano-sponges matrix and the 908 

cyclodextrin cavity [62]. The higher encapsulation efficiency observed at the 1:4 molar ratio may 909 

be attributed to optimal crosslinking that involves inclusion and external interactions 910 

simultaneously, allowing for a larger amount of extract to be encapsulated within the nano-911 

sponges matrix and cyclodextrin cavity [38]. The observed differences in loading capacity 912 

indicate that the complexation efficiency of nano-sponges is influenced by the degree of 913 

crosslinking. At the 1:1 molar ratio, there may not be enough nanochannels available for guest 914 

complexation due to the low degree of cross-linking, which limits the encapsulation of larger 915 

quantities of Liquorice extract. The increase in vesicle size with increasing crosslinking molar 916 

ratio agrees with previous findings [63]. The low PDI values reflect uniform and narrow size 917 

distribution, indicating formulation homogeneity and stability. The highly negative zeta potential 918 

values suggest strong electrostatic repulsion between vesicles, preventing aggregation. This 919 

negative surface charge is likely attributed to free hydroxyl groups of HP-β-CD and carbonyl 920 

groups of DPC [64, 65].  TEM observations further confirmed the formation of spherical, 921 

homogeneous nano-sponges. The ultrasonic-assisted method produced vesicles with uniform size 922 

distribution, porous structure, and crystalline characteristics, consistent with previous [66]. The 923 

characteristic FT-IR bands observed for HP-βCD, DPC, and EPI-βCD are consistent with 924 

previously reported spectra [40, 67-69]. The functional groups detected in the Liquorice EtOAc 925 

extract correspond to methyl, methylene, and aromatic moieties present in sugars, proteins, 926 

amino acids, fatty acids, and phenolic compounds [69]. The shifts and broadening of 927 

characteristic FT-IR peaks in the optimized nano-sponges formulations (L3 and L4) confirm 928 

interactions between the Liquorice extract or glycyrrhetinic acid and nano-sponges components, 929 

indicating successful encapsulation [40]. The biphasic release profile observed is typical of nano-930 

sponges systems. The initial burst release is likely due to Liquorice molecules located on the 931 

nano-sponges surface as non-inclusion complexes, either adsorbed or loosely encapsulated, while 932 

the subsequent phase represents controlled release from the nano-sponges matrix [20].The 933 

significantly higher release in alkaline medium may be attributed to enhanced solubility of 934 

Liquorice constituents, particularly flavonoids and triterpenes, under alkaline conditions 935 
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compared to acidic environments [70] The better fitting of release data to Higuchi’s model 936 

indicates diffusion-controlled release behavior. According to Peppas’ theory, the obtained release 937 

exponent (n) values (< 0.43) confirm that glycyrrhetinic acid release from the nano-sponges is 938 

predominantly governed by Fickian diffusion [71, 72]. Our nanosponge formulation exhibited 939 

ideal nanoscale particle size, negative zeta potential, and high entrapment efficiency, which 940 

correlate with enhanced bioavailability and reduced irritation potential. These findings align with 941 

recent formulation advances reported for phytosteroids and triterpenoid drugs designed for 942 

topical and mucosal applications [58]. 943 

In the current study, mechanical injury to the dorsal skin of rats was induced by sterilized 944 

needle tip, also nasal inflammation was induced by capsaicin [44], which led to severe 945 

inflammation manifested by redness and oedema of external tissue. [73] stated that the process of 946 

hyper-keratinization during wound healing is preceded by inflammation, which was manifested 947 

during grading the curative effect of treatment with both liquorice EtOAc preparations and both 948 

Glycyrrhrtinic acid preparations in our study. 949 

 In our study, liquorice was used topically to cure dermal and nasal lesions. It was selected on 950 

basis of previous studies, which suggested that liquorice was considered as an anti-inflammatory 951 

agent due to its ability to suppress and inhibit inflammatory pathways, as a result of its high 952 

content of bioactive anti-inflammatory compounds like glycyrrhetinic acid and glycyrrhizin 953 

preparations [74]. 954 

That’s why the possible targeted immune-modulatory pathways of liquorice were studied in the 955 

present work. Its effects on ICAM-1, IL-4 and LTB-4 were studied, as these biomarkers were 956 

elevated in the untreated rats, in response to either mechanical trauma by scratching, or chemical 957 

irritation of the nose-which is part of the upper respiratory airway- by using capsiacin.  958 

ICAM-1 which is a transmembrane glycoprotein and is a member of the immunoglobulin 959 

superfamily, is found at baseline in various cell types and is elevated in response to specific 960 

inflammatory reactions [75], was elevated in our study in the untreated rats that were exposed to 961 

injury. Also, in the study of [76], capsaicin caused expression of ICAM-1 which is an endothelial 962 

adhesion molecule that plays an important role in inflammatory reactions[76], this explains the 963 

significant elevation of ICAM-1 levels in the untreated group in the present study. Additionally, 964 

[77], reported in their study that ICAM-1 increased in rats suffering from respiratory airways 965 

inflammation, and suggested that the biomarkers of upper and lower respiratory inflammatory 966 

and allergic diseases were reduced, by treatment that decreased the level of ICAM-1 in rat sera 967 

[77]. This confirms that ICAM-1 was a target for the liquorice in the present study (Figure 23). 968 

. 969 

Interleukin-β4 is a type of cytokine that is produced in response to inflammation by mast cells 970 

and basophils [78]. In the current study, the level of IL-β4 was significantly elevated in the 971 

untreated groups that were subjected to induction of inflammation. On the other hand, it was 972 

reduced significantly in the treated groups with liquorice, which may point to the mode of anti-973 

inflammatory activity of this natural product, via counteracting IL-β4 pathway. This can be 974 

explained by the hypothesis that blocking IL-β4 pathway is the target of many therapeutics, that 975 

aim to treat dermal inflammation and respiratory hypersensitivity diseases [79].  976 

Zhang et al in their study, suggested that the anti-inflammatory activity of Glycyrrhizin 977 

which is one of the bioactive components of liquorice, is exhibited via inhibition of 978 

phospholipase A2/arachidonic acid (PLA2/ARA) pathway metabolites, including prostaglandin-979 
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E2, thromboxane 2 and leukotriene B4 [80]. This explains the therapeutic effect of liquorice in 980 

the current study. 981 

Collectively, these findings establish Glycyrrhiza glabra as a rich source of multitarget natural 982 

therapeutics. The integration of metabolomic profiling with nanosponge formulation 983 

demonstrates a modern translational approach to enhance the pharmacological potential of 984 

traditional remedies. The strong correlation between metabolite diversity, antioxidant potential, 985 

and in vivo anti-inflammatory effects, confirms that the pharmacological value of liquorice arises 986 

from synergistic interactions between its phyto-constituents rather than from single-molecule 987 

effects. 988 

 989 

Conclusion 990 

The present study highlights the potential of Liquorice extracts and glycyrrhetinic acid as 991 

promising natural anti-inflammatory agents, with local therapeutic efficacy, to avoid systemic 992 

side effects, liquorice formulations were administered topically on skin and intranasally.  993 

They effectively exhibited anti-inflammatory effects, while avoiding exposure to undesired 994 

corticosteroid-related complications. These findings support the employment of glycyrrhetinic 995 

acid-based formulations, as safe and efficient alternatives for managing inflammation and related 996 

disorders. 997 

 998 

Footnotes 999 

1.The current study was done as a complementary study to the former study, that had been 1000 

published in the “Inflammopharmacology” journal under title: “A pharmaco‑metabolomics 1001 

study of Glycyrrhiza glabra, Boswellia sarca, and Acacia nilotica in acute allergic dermatitis”.  1002 

2.The current study is done as a part of the project entitled “Pharmacological investigation and 1003 

Metabolomics study of promising anti-inflammatory herbal oils loaded in a polymeric nano-1004 

composite drug delivery system targeting Dermatitis and Upper Respiratory Allergy in rats”, 1005 

under registration number 12060132. 1006 

3.Glycyrrhiza glabra was selected to study the effect of its ethyl acetate extracts and nanosponge 1007 

loaded ethyl acetate extracts as well as Glycyrrhetinic acid (GA) and its functionalized 1008 

nanosponge formulation on corporal dermal and nasal inflammation. 1009 

4.The reason for selection of Glycyrrhiza glabra in the current study- rather than the other 1010 

studied natural products in the previous study-was that it exhibited promising therapeutic anti-1011 

inflammatory activity with neglectable side effects, besides being locally available with 1012 

affordable cost in the local market as well as its good taste, which makes it more acceptable for 1013 

consumption by the local population enhancing its compliance for future introduction in clinical 1014 

trials and accreditation as a therapeutic multipurpose anti-inflammatory supplement. 1015 

5.The nanosponge delivery system facilitated the absorption of EtOAc and GA and exhibited 1016 

promising effect. 1017 
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