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Abstract 26 

Chamaerops humilis L. is clumping palm of the family Arecaceae with promising health-27 

promoting effects. Parts of this species are utilized as food and employed in folk medicine to 28 

treat several disorders. This study investigated the phytochemical constituents of C. humilis 29 

leaves and their antioxidant and xanthine oxidase (XO) inhibitory activities in vitro and in vivo 30 

in acetaminophen (APAP)-induced hepatotoxicity in rats. The chemical structure of the 31 

isolated phytochemicals was determined using data obtained from UV, MS, IR, and 1H-, 13C-32 

NMR spectroscopic tools as well as comparison with authentic markers. Eleven compounds, 33 

including tricin 7-O-β-rutinoside, vicenin, tricin, astragalin, borassoside D, pregnane-3,5,6,16-34 

tetrol, oleanolic acid, β-sitosterol and campesterol were isolated from C. humilis ethanolic 35 

extract (CHEE). CHEE and the butanol, n-hexane, and dichloromethane fractions exhibited in 36 

vitro radical scavenging and XO inhibitory efficacies. The computational findings revealed the 37 

tendency of the isolated compounds towards the active site of XO. In vivo, CHEE ameliorated 38 

liver function markers and prevented tissue injury induced by APAP in rats. CHEE suppressed 39 

hepatic XO, decreased serum uric acid and liver malondialdehyde (MDA), and enhanced 40 

reduced glutathione (GSH), superoxide dismutase (SOD), and catalase in APAP-treated rats. 41 

CHEE ameliorated serum tumor necrosis factor alpha (TNF-α) and interleukin (IL)-1β in 42 

APAP-treated rats. Thus, C. humilis is rich in beneficial phytochemicals that possess binding 43 

affinity towards XO. C. humilis exhibited potent in vitro antioxidant and XO inhibitory 44 

activities, and prevented APAP hepatotoxicity by attenuating tissue injury, oxidative stress and 45 

inflammation. 46 

Keywords: Palm; Oxidative stress; Hepatotoxicity; Xanthine oxidase. 47 

 48 

1. Introduction 49 
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Palms have yielded bioactive secondary metabolites, substantiating their efficacy in traditional 50 

therapeutic practices. Many palm species have been recently shown to contain substantial 51 

levels of phytoconstituents with beneficial biological and health-promoting effects [1]. 52 

Antioxidant properties, enzyme inhibition activities, and hepatoprotective, anti-inflammatory, 53 

and spermatogenesis-enhancing effects are among the reported efficacies of different palm 54 

species [1-2]. Chamaerops humilis L. (C. humilis) is a shrub-like clumping palm of the family 55 

Arecaceae, with multiple stems emerging from a common base [3]. It is a dwarf shrub 56 

commonly growing in north Africa and south Europe where it is mostly cultivated as an 57 

ornamental because of its decorative characteristics [4]. Traditionally, many parts of the plant 58 

are used in folk medicine and some parts are consumed as food. The leaves are used for the 59 

treatment of diabetes in both Algeria and Morocco and the husk, fruits, and young suckers are 60 

consumed as food in the south of Spain, Morocco, and Italy, respectively. The fruits have a 61 

bitter taste and are therefore used as an astringent and the palm heart is utilized traditionally 62 

for the therapeutic use against digestive disorders [1c, 5]. Therefore, C. humilis is valuable as a 63 

food source and for the treatment of many disorders. 64 

Previously reported phytochemical investigations on C. humilis revealed the isolation of 65 

phenolic acids, flavonoids, spirostanyl glycoside, saponins, terpenes, alkaloids, and volatile 66 

compounds [6]. The extract of C. humilis leaves exhibited radical-scavenging activity (RSA) 67 

and inhibited lipoxygenases (LOXs) [7]. These activities show that C. humilis could be 68 

beneficial against oxidative stress (OS)-related disorders. Elevated concentrations of reactive 69 

oxygen species (ROS) result in OS, contributing to the damage of cellular lipids, proteins, and 70 

DNA. ROS can provoke an inflammatory response by activating nuclear factor-kappaB (NF- 71 

κB), leading to the release of different inflammatory mediators and cytokines which work in 72 

coordination with ROS to elicit cell death in different organs, such as the liver and kidney [8]. 73 

For instance, OS is centrally implicated in liver injury induced by the analgesic acetaminophen 74 
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(APAP) [9]. The sources of ROS in APAP toxicity include the mitochondria, cytochrome P450, 75 

and immune cells [9]. In addition, there is a recent interest in the role of xanthine oxidase (XO) 76 

in APAP-induced liver damage [9]. XO catalyzes the generation of uric acid by oxidation of 77 

hypoxanthine and xanthine, but its activity is associated with the production of ROS (Battelli 78 

et al. 2016). The involvement of XO-mediated ROS in drug hepatotoxicity has been 79 

acknowledged [9-10], and the preventive influence of the XO inhibitor allopurinol against APAP-80 

induced OS in the liver of mice has been reported by Jaeschke et al [10]. 81 

Despite the demonstrated beneficial effects of C. humilis, nothing has yet been reported on its 82 

inhibitory efficacy on XO and its potential protective role against APAP-induced liver injury. 83 

Accordingly, this study investigated the phytoconstituents of C. humilis and its antioxidant and 84 

XO inhibitory activities in vitro as well as in a rodent model of APAP hepatotoxicity in vivo. 85 

Moreover, the binding affinity of C. humilis phytoconstituents towards XO was studied by 86 

molecular docking. 87 

 88 

2. Material and methods 89 

2.1. Phytochemical investigation 90 

2.1.1. General 91 

Silica gel 60 GF254 plates from E. Merck were employed for thin-layer chromatography (TLC) 92 

analysis. Vacuum liquid chromatography (VLC) was conducted using E. Merck's silica gel 60 93 

with a mesh size of 0.04-0.063 mm. Column chromatographic analysis involved the use of 94 

Silica gel 60, Sephadex LH20, and polyamide 6S from E. Merck. ,1H and 13C-NMR spectral 95 

data were measured in a JEOL-JNM-EX-400 spectrometer. EI-MS data were recorded with a 96 

JEOL JMS-700T mass spectrometer. HR-MS data were and estimated using a Thermo 97 

Instruments MS system (LTQ XL/LTQ Orbitrap Discovery) coupled to a Thermo Instruments 98 
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HPLC system (Accela PDA detector, Accela PDA autosampler, and Accela pump). HPLC 99 

separations were carried out using a Phenomenex C18 column (5 µm, 100 Å, 10 × 250 mm), 100 

connected to an Agilent 1200 series binary pump, and monitored by means of Agilent 101 

photodiode array detector. 102 

2.1.2. Plant material  103 

The Leaves of C. humilis (Arecaceae) used in this study were collected during the period from 104 

March 2011 to February 2013 from a mature tree growing in Orman botanical Garden (latitude 105 

- longitude: 30.02904 - 31.21263, Cairo, Egypt). After the validation of the species' authenticity 106 

by botanists from the Botany Department at Beni-Suef University, Egypt, a voucher specimen 107 

(No.: BSU-CH2012-327) was meticulously archived in the Herbarium of the Faculty of 108 

Science (Registration code: BSU- HERB412564). 109 

2.1.3. Extraction and isolation 110 

The dried grounded leaves of C. humilis (2 Kg) were exhaustively extracted by cold maceration 111 

using 70% ethanol (EtOH; 3×4 L) at room temperature. The solvent was then removed under 112 

reduced pressure to produce a dark brown sticky mass of the crude extract (300 g).  This extract 113 

was then dissolved in 500 mL water and successively partitioned with n-hexane, followed by 114 

dichloromethane (DCM) and n-butanol to afford three main fractions weighing 13, 5.7, and 50 115 

g, respectively. A polyamide column chromatography was employed to chromatograph the n-116 

butanol fraction (30g) which was eluted with water-methanol (H2O-MeOH) gradient to yield 117 

8 subfractions (B1-B8). Subfraction B1 (7.5 g) was further chromatographed over the C18 118 

column eluted with H2O-MeOH gradient to afford compound 1 (170 mg). Subfraction B2 (190 119 

mg) was further purified using Sephadex LH-20 eluted with 20% MeOH to give nine 120 

subfraction (B2.1-B2.9). subfractions B2.1-B2.3 were collected and combined depending on 121 

their TLC profile, then the combined fractions were additionally purified over Sephadex-LH20 122 
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column using 20% EtOH as an eluent to produce the purified compounds 2 (18 mg) and 3 123 

(5mg). Subfractions B2.4-B2.9 were combined and subjected to fractionation over Sephadex 124 

LH-20 column and subjected to LC/HRSEI-MS analysis to afford compounds 4-7. the 125 

combined subfractions were repeatedly chromatographed over Sephadex LH-20 using 126 

methanol as an eluent to afford compounds 4 (15 mg), 5 (17 mg), 6 (11 mg) and 7 (8 mg).   127 

The DCM fraction underwent Vacuum Liquid Chromatography (VLC) on a silica gel column, 128 

employing a DCM-MeOH gradient elution, resulting in the production of four subfractions 129 

(D1-D4). The constituents of subfractions D1 and D2 were identified by LC/HRSEI-MS 130 

analysis to confirm the existence of compounds 8 and 9. These compounds were isolated from 131 

repeatedly chromatographing subfractions D1 and D2 over silica gel column using the system 132 

DCM-MeOH of increasing polarity as an eluent to afford 16 subfractions (S1-S16). 133 

Subfractions S4-S11 were combined according to similar TLC Rf values and spot color and 134 

subjected to purification over a silica gel column using the same eluent of decreasing polarity 135 

to finally afford the purified compounds 8 (14 mg) and 9 (16 mg). 136 

The n-hexane fraction (6g) was subjected to a saponification process to isolate saponifiable 137 

(0.3g) and unsaponifiable (3g) fractions, then the unsaponifiable fraction was subjected to VLC 138 

on silica gel 60 column chromatography eluted with n-hexane/EtOAc of gradient elution to 139 

yield two subfractions (H1-H2) weighing 40 and 20 mg, respectively. Each subfraction was 140 

repeatedly chromatographed over Sephadex LH-20 column using n-hexane-DCM (1:1) as an 141 

eluent to afford the purified compounds 10 (10 mg) and 11 (17 mg), respectively.  142 

2.2. In silico molecular docking analysis 143 

Density Functional Theory (DFT) calculations employed in this investigation were executed 144 

by means of Gaussian 09 software package [11]. The geometrical structures of C. humilis 145 

isolated phytochemicals were fully optimized at the B3LYP level of theory without constrains 146 
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[12]  employing the 6-311G (d, p) basis set [13]. The original 3D pdb X-ray crystal structure of 147 

XO was downloaded from the protein data bank (PDB ID: 3NVY). The original pdb structures 148 

of various drugs were generated using UCSF Chimera software [14]. The molecular docking 149 

analysis was conducted using Autodock Tools (ADT) version 1.5.6 and the AutoDock Vina 150 

software packages [15]. ADT software was used to optimize the pdb structures of different 151 

ligands for the docking run. The PyMOL v2.3.2 software was utilized for the evaluation of 152 

molecular recognition, screening of binding modes, and the assessment of ligand-enzyme 153 

interactions. The 3D crystal structure of XO underwent preparation for the docking run through 154 

ADT software. This optimization process encompassed the removal of water and nonstandard 155 

amino acid residues, the addition of polar hydrogens, and configuring the grid box to align with 156 

the active site amino acid residues [16]. 157 

2.3. In vitro radical scavenging activity (RSA) and XO-inhibitory activity of C. humilis 158 

2.3.1. DPPH RSA activity 159 

The RSA properties of C. humilis extract and butanol, DCM, and n-hexane fractions were 160 

assayed according to Cheel et al [17]. Briefly, different concentrations of the samples were 161 

incubated with 0.1 mM solution of DPPH in methanol for 30 min and the absorbance was 162 

measured at 517 nm. Ascorbic acid was employed as a positive control. 163 

2.3.2. XO inhibitory activity 164 

The XO inhibitory activity of C. humilis extract and its fractions was assayed by mixing 165 

different concentrations with xanthine (0.05 mM), sodium phosphate buffer (50 mM), and XO 166 

followed by incubation for 0.5 hour at 37°C. 3.2% perchloric acid was added to cease the 167 

reaction and equivalent volumes of the mixture and copper (II) chloride (10 mM) and 168 

neocuproine (7.5 mM) and double volume of ammonium acetate (1 M). The mixture was then 169 

stored for 30 min and absorbance was recorded at 450 nm [18]. 170 

 171 
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2.4. In vivo hepatoprotective, antioxidant, and anti-inflammatory activities of C. humilis 172 

2.4.1. Experimental animals and treatments 173 

 Adult male Wistar rats (160-180 g), sourced from the National Research Centre's animal 174 

facility in Giza, Egypt, were kept in standard conditions (temperature 23±1°C and humidity 175 

50-60%). These rats were provided with unrestricted access to food and water. Following a 176 

one-week acclimatization period, the rats were divided into three groups (n = 6) as outlined 177 

below: 178 

Group I (Control): received the vehicle. 179 

Group II (APAP): received 2000 mg/kg APAP. 180 

Group III (APAP + CHEE): received 2000 mg/kg APAP and 200 mg/kg CHEE. 181 

APAP and CHEE were dissolved in 0.5% CMC and administered via oral gavage. CHEE was 182 

administered for 7 days and APAP on day 7. The dose of APAP was selected based on the 183 

study of Chellappan et al [19]. The leaves extract of palm showed beneficial effects in diabetic 184 

rats at doses of 200 and 400 mg/kg [20] and therefore the 200 mg/kg was selected in this study. 185 

48 h after APAP, blood was collected via cardiac puncture under ketamine anesthesia and the 186 

animals were immediately dissected. Liver samples were homogenized (10% w/v) in Tris-HCl 187 

buffer (pH 7.4) and the homogenate was centrifuged, and the clear supernatant was kept at -188 

80°C. Other samples were collected on 10% neutral-buffered formalin (NBF) for 189 

histopathology. The experiment was approved by the Animal Care and Use Committee of Beni-190 

Suef University (200312). 191 

 192 

2.4.2. Biochemical assays 193 

Alanine transaminase (ALT), alkaline phosphatase (ALP), and aspartate aminotransferase 194 

(AST) activities, and albumin levels were determined in serum using kits obtained from Bio-195 

Diagnostic (Egypt). Malondialdehyde (MDA) and reduced glutathione (GSH) levels, and 196 
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superoxide dismutase (SOD) and catalase activities were assayed in the liver of rats using kits 197 

supplied by Bio-Diagnostic (Egypt). XO activity was determined in serum and liver using a 198 

reagent kit supplied by Solarbio (China). Serum tumor necrosis factor (TNF)-α and interleukin 199 

(IL)-1β were assayed using ELISA kits (Cusabio, China). 200 

 201 

2.4.3. Histopathology 202 

Liver samples were fixed in 10% NBF for 24 h, dehydrated, cleared, and then embedded in 203 

paraffin. Five µm sections were cut using a microtome and then stained hematoxylin and eosin 204 

(H&E) [21]. 205 

2.4.5. Statistical analysis 206 

The data were analyzed using the one-way ANOVA followed by Tukey’s test on GraphPad 8. 207 

A P value <0.05 was considered significant and the data are represented as mean ± SEM. 208 

3.1. Results  209 

3.1. Phytochemical study 210 

The phytochemical investigation of various fractions of C. humilis revealed the isolation of 11 211 

known compounds (Fig. 1). The identification of the structures of isolated phytochemicals 212 

relied on data obtained from UV, MS, IR, and 1H-, 13C-NMR spectroscopic tools as well as 213 

comparison with authentic markers. The isolated compounds were elucidated as tricin 7-O-β-214 

rutinoside (1) [6c], vicenin (2) [22], tricin (3) [23], astragalin (4) [24], borassoside D (5) [25], 215 

pregnane-3,5,6,16-tetrol (6) [26], 3'-Hydroxy-4'-O-methyldaidzein- 7-O-[2E-butenoyl-(→6)-β-216 

D-glucopyranoside] (7), 9,14- Dihydroxy octadecanoic acid methyl ester (8) [27], oleanolic acid 217 

(9) [28],  β-sitosterol (10) [29] and campesterol (11) [30]. 218 

3.2. In vitro radical scavenging and XO inhibitory activities of C. humilis 219 
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The RSA activity of C. humilis and its fractions was evaluated using the DPPH test. The crude 220 

extract showed the most potent DPPH RSA with IC50 of 45.90 µg/ml followed by the DCM 221 

fraction (IC50 = 62.93 µg/ml), butanol (IC50 = 80.39 µg/ml) and n-hexane (IC50 = 138.77 µg/ml) 222 

fractions as represented in Fig. 2A-D. Ascorbic acid showed a concentration-dependent RSA 223 

with IC50 of 28.92 µg/ml (Fig. 2E). Likewise, XO inhibitory activity of the crude extract and 224 

fractions was investigated in vitro. The crude extract showed the highest inhibitory activity 225 

(IC50 = 44.99 µg/ml), followed by butanol (IC50 = 54.70 µg/ml), DCM (IC50 = 56.51 µg/ml), 226 

and n-hexane fractions (IC50 = 79.39 µg/ml) (Fig. 3A-D). Allopurinol exhibited an IC50 value 227 

of 1.99 µg/ml (Fig. 3E). 228 

3.3. In silico molecular docking analysis 229 

Herein, we reported the binding modes of C. humilis isolated compounds with XO through 230 

molecular docking analysis. Table 1 displays the binding affinities, potential polar bonding, 231 

and hydrophobic interactions between the target enzyme and the isolated phytochemicals as 232 

determined by AutoDock Vina. Figures 4 and 5 represent the binding interactions of most 233 

potent phytochemicals isolated from C. humilis with XO. Compound 1 exhibited the lowest 234 

binding affinity (-9.7 kcal/mol) followed by compound 7 (-8.7 kcal/mol) and compound 3 (-235 

8.4 kcal/mol) (Fig. 4A). The interactions of compounds 1, 7, and 3 are shown in Fig. 4B, 5A, 236 

and 5B, respectively. 237 

3.4. In vivo hepatoprotective, antioxidant, and anti-inflammatory activities of C. humilis 238 

Given that the crude extract (CHEE) exhibited the most potent RSA and XO inhibitory activity, 239 

we evaluated its antioxidant and anti-inflammatory efficacies in a rat model of APAP 240 

hepatotoxicity. Microscopic examination (Fig. 6A) of the control rats revealed normal structure 241 

of the liver tissue whereas APAP caused tissue injury manifested by vacuolations, 242 

inflammatory cell injury, and hemorrhage. Rats that received CHEE showed nearly normal 243 
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tissue architecture with normal hepatocytes, central vein, and sinusoids (Fig. 6A). The 244 

hepatotoxic effect of APAP and the beneficial role of CHEE were supported by the biochemical 245 

findings (Fig. 6B-E). APAP-treated animals showed a significant increase in serum ALT (Fig. 246 

6B), AST (Fig. 6C), and ALP (Fig. 6D) activities (P<0.001) and decreased albumin (Fig. 6E; 247 

P<0.001). These effects were reversed in CHEE-treated rats (P<0.001). APAP significantly 248 

increased liver MDA (Fig. 7A) whereas GSH (Fig. 7B), SOD (Fig. 7C), and catalase (Fig. 7D) 249 

were declined (P<0.001). Hepatic XO activity (Fig. 8A) and serum uric acid (Fig. 8B) were 250 

elevated in APAP-administered rats (P<0.001). CHEE effectively decreased MDA, XO, and 251 

uric acid and enhanced GSH, SOD, and catalase. In addition, CHEE decreased serum levels of 252 

TNF-α and IL-1β in APAP-treated rats (P<0.001; Fig. 8C-D). 253 

4. Discussion 254 

This study investigated the phytochemical constituents, RSA, XO inhibitory efficacy, and 255 

hepatoprotective effect of C. humilis. Eleven phytoconstituents were isolated from the plant 256 

extract which with its fractions showed in vitro free radical and XO inhibition. In silico findings 257 

revealed the binding affinities of the phytoconstituents against XO and in vivo studies showed 258 

the antioxidant, anti-inflammatory and hepatoprotective efficacies of CHEE. 259 

The leading cause of liver failure in many nations is attributed to the hepatotoxic effects of 260 

APAP [31]. OS is an imbalance between ROS production and the ability of the antioxidant 261 

defenses to neutralize them [32]. It is implicated in different metabolic disorders and drug-262 

induced hepatotoxicity [32]. Therefore, agents with radical scavenging properties can mitigate 263 

ROS generation and prevent the negative impact of OS on cellular macromolecules [32]. In this 264 

study, C. humilis extract and its fractions exhibited potent RSA revealed by the results of the 265 

DPPH test. In addition, CHEE and the fractions exhibited inhibitory activity against XO, a 266 

molybdenum-containing enzyme that produces ROS and its high activity is associated with OS 267 
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in several disorders, including APAP hepatotoxicity [9-10, 33]. These findings indicated the 268 

antioxidant properties of C. humilis with the highest activity shown by the crude extract 269 

(CHEE), an effect that is attributed to the presence of more phytoconstituents than in the 270 

fractions. Accordingly, the antioxidant properties of various parts of C. humilis have been 271 

demonstrated by Gonçalves et al [1c] using DPPH and other assays. The results of Gonçalves et 272 

al [1c] indicated the rich flavonoid content of the leaves. Flavonoids have a strong ability to 273 

combat free radicals mainly by scavenging free radicals [34]. Here, 11 compounds were isolated 274 

from the leaves of C. humilis, demonstrating its rich content of flavonoids and sterols. 275 

XO inhibitory activities of C. humilis isolated phytochemicals (1-11) were studied by 276 

molecular docking assessments. The stabilities of the formed drug-enzyme complexes are 277 

mainly dependent on the number of formed polar bonds, hydrophobic interactions and drug-278 

enzyme binding energies [35]. Particularly, polar bonding is a driving factor responsible for the 279 

binding of drugs into the main binding cavity of the enzymes [36]. These polar interactions play 280 

a significant role in molecular characterization, drug affinities, and drug-enzyme configuration 281 

[16]. Another major factor that contributes significantly to the binding of a drug to the enzyme's 282 

active site is the hydrophobic binding interaction, the ligand's lipophilic surface and the protein 283 

binding pocket hydrophobic amino acid residues [24a, 36b]. Thus, for a stable drug-enzyme 284 

interaction, a proper geometrical alignment between the ligand and the binding cavity of the 285 

enzyme is crucial [37]. The low binding affinity values of the tested compounds suggest a strong 286 

binding potential of these compounds to XO active site. The binding interaction of compound 287 

1 indicated robust polar bonding and hydrophobic interactions within the active site of XO. 288 

Similarly, the docking poses of compounds 7 and 3 revealed extensive interactions that likely 289 

contribute to their inhibitory effects. Notably, compounds 1, 4, and 7 displayed the highest 290 

extent of polar bonding among the tested compounds. These interactions are crucial as they 291 

often enhance binding affinity and specificity by facilitating stronger and more stable enzyme-292 
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inhibitor complexes [36a]. The docking analysis also uncovered a dense network of hydrophobic 293 

interactions within the XO binding site for all tested phytochemicals. This network is essential 294 

for the stabilization of the enzyme-inhibitor complex. Additionally, a high extent of 295 

phenylalanine residues was detected in the binding mechanism of the inhibitors. These residues 296 

are capable of forming thermodynamically favorable π-π interactions, further stabilizing the 297 

binding of the inhibitors to the enzyme. The molecular docking results showed that the tested 298 

inhibitors predominantly occupied the main binding site of XO. This observation is significant 299 

as it indicates that these phytochemicals may effectively compete with the natural substrates of 300 

XO, thereby inhibiting its activity. The compatibility of these compounds to the XO active site 301 

is estimated from the existence of these key residues in the main active site of the complex 302 

formed.  Hence, the molecular docking analysis of phytochemicals isolated from C. humilis 303 

with XO revealed that several compounds, particularly compounds 1, 7, and 3, exhibit strong 304 

binding affinities and significant interactions within the enzyme's active site. The presence of 305 

polar and hydrophobic interactions, along with π-π interactions involving phenylalanine 306 

residues, suggests that these compounds could serve as potent inhibitors of XO. Further 307 

experimental validation is required to confirm these computational findings and to explore their 308 

potential therapeutic applications. 309 

Subsequently, we assessed the antioxidant and hepatoprotective capabilities of CHEE in a rat 310 

model subjected to APAP-induced hepatotoxicity, emphasizing the involvement of XO. The 311 

induction of liver injury by APAP is widely acknowledged as a prominent and extensively 312 

investigated model for evaluating plant-based therapeutics and other interventions targeting 313 

liver protection.[9]. Here, APAP-treated rats exhibited liver injury manifested by the 314 

histopathological alterations, including hydropic degeneration in the hepatocytes, hemorrhage, 315 

inflammatory cell infiltration and congestion. Additionally, circulating aminotransferases were 316 

increased and albumin was decreased, denoting hepatocyte injury. ALT, AST, and ALP are 317 
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enzymes found within hepatocytes and the increase in their activities in the blood is a marker 318 

of hepatocyte damage. Albumin is a protein synthesized by the liver and its low blood levels 319 

indicate hepatocyte dysfunction and/or damage. Accordingly, investigators have demonstrated 320 

increased serum aminotransferases and decreased albumin along with histopathological 321 

alterations in the liver of rodents following APAP administration [38]. CHEE prevented liver 322 

injury and ameliorated serum aminotransferases and albumin in APAP-administered rats. 323 

Given the implication of OS in the hepatotoxic mechanism of APAP [9], The hepatoprotective 324 

effectiveness of CHEE can be directly ascribed to its antioxidative characteristics. 325 

Excessive ROS and OS play an essential role in hepatocyte injury caused by APAP [9]. Here, 326 

APAP resulted in an elevation of MDA levels and a reduction in GSH as well as antioxidant 327 

enzyme activities, indicating the occurrence of OS. One important factor contributing to the 328 

toxicity is the process of metabolic activation of APAP, catalyzed by cytochrome P450. This 329 

process produces NAPQI, which is a reactive metabolite responsible for initiating toxicity [39]. 330 

Overdosing on APAP leads to the excessive production of NAPQI, which results in GSH 331 

depletion. This causes the creation of adducts on proteins, including those found in 332 

mitochondria. Additionally, it triggers OS, mitochondrial dysfunction, breakage of nuclear 333 

DNA, and the death of cells by necrosis, followed by an inflammatory reaction. This response 334 

involves the production of pro-inflammatory cytokines and the activation of immune cells [39]. 335 

Accordingly, the levels of TNF-α and IL-1β were markedly elevated in the liver of APAP-336 

treated rats in this study. Lipid peroxidation (LPO) is a process induced by ROS and has been 337 

implicated in liver injury under OS conditions [8a, 8d, 24a, 40]. MDA is a marker of LPO and its 338 

increase in the injured tissue indicates LPO. Wendel et al [41] have pinpointed the involvement 339 

of LPO in the mechanism underlying APAP hepatotoxicity for the first time. P450-mediated 340 

metabolism releases ROS which initiates LPO and the use of P450 inhibitors suppressed 341 

APAP-induced hepatic LPO and liver injury in mice [42]. CHEE demonstrated significant in 342 
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vivo antioxidant activity by effectively inhibiting LPO and enhancing GSH levels along with 343 

antioxidant enzyme activities. The antioxidant efficacy of CHEE aligns with the in vitro 344 

findings and could be directly connected to its rich content of antioxidant phytoconstituents. 345 

Plants rich in polyphenols, particularly flavonoids, have shown potent antioxidant and 346 

hepatoprotective activities [8a, 24a, 36a, 43]. Despite a wealth of data indicating the presence of 347 

generalized OS during APAP-induced hepatotoxicity, there is ongoing controversy regarding 348 

the specific cellular or intracellular sources and the nature of ROS in this context.[9]. The role 349 

of cytochrome P450, mitochondria, and immune cells as sources of ROS in APAP 350 

hepatotoxicity has been extensively described. Moreover, the role of XO as a potential source 351 

of ROS in drug hepatotoxicity has been acknowledged [9-10]. In this context, inhibitors of XO 352 

can represent a valuable source for the prevention and/or attenuation of APAP-induced OS and 353 

liver injury. Accordingly, Jaeschke et al [10] have reported the protective effect of the XO 354 

inhibitor allopurinol against OS induced by APAP in the liver of mice. In the current study, 355 

CHEE decreased liver XO activity along with serum uric acid levels. The XO inhibitory 356 

activity of CHEE contributed, at least in part, to its antioxidant and hepatoprotective efficacies. 357 

The results of this investigation revealed the potent radical-scavenging, XO inhibitory, 358 

antioxidant, anti-inflammatory, and hepatoprotective effects of C. humilis. The use of a single 359 

dose of CHEE and the lack of a group treated with a standard drug could be considered as 360 

limitations. However, this study represents a step in delineating the hepatoprotective role of C. 361 

humilis. 362 

5. Conclusion 363 

C. humilis is a valuable source of phytochemicals with radical-scavenging, XO inhibitory, and 364 

hepatoprotective activities. C. humilis extract and its fractions showed RSA and inhibited XO 365 

activity in vitro. The in silico results showed the binding affinity of C. humilis 366 

phytoconstituents towards XO. C. humilis extract conferred protection against APAP 367 
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hepatotoxicity by preventing tissue injury, OS, and inflammatory response, and boosting 368 

antioxidants in the liver of rats. Besides the in vitro studies, C. humilis extract attenuated XO 369 

activity in the liver of APAP-treated rats. Thus, C. humilis can effectively protect against APAP 370 

hepatotoxicity, pending additional investigations to figure out the underlying mechanism(s). 371 
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Tables: 481 

Table1. Binding affinities, polar bonds, and hydrophobic interactions of phytochemicals (1-482 
11) isolated from C. humilis with XO. 483 

 Xanthine oxidase 

Affinity (kcal/mol) Polar bonds Hydrophobic interactions 

1 -9.7 Phe798, Arg912, 
Met1038, Thr1077, 
Ser1080, Gln1194, 
Val1259 and Val1260  

Gln585, Tyr592, Leu744, Gly795, Gly796, 
Gly1039, Gln1040, Leu1042, Ala1078, 
Ser1082 and Thr1083 

2 -7.2 Leu648, Asn768, His875 
and Ser876 

Phe649, Lys771, Val1011, Phe1013, 
Leu1013 and Pro1076 

3 -8.4 Arg912, Lys1045, Ser1082 
and Thr1083 

Gln767, Phe798, Gly799, Glu802, 
Gln1040, Ala1078, Ala1079, Ser1080, 
Gln1194, Val1259, Gly1260 and Glu1261  

4 -7.7 Ile698, Glu699, Glu1210, 
Leu1211, His1212 and 
Tyr1213 

Ile696, Thr697, Tyr735, Leu843 and Lys 
1304 

5 -7.6 Lys713, Phe1142 and 
Glu1143 

Glu711, Leu712, His875, Glu879, 
Pro1012, Gly1139 and Tyr1140 

6 -7.3 His741 and Gln1201 Val1200, Ile1229, Pro1230 and Ile1235 

7 -8.7 Phe798, Gly1039, 
Ala1079, Ser1080, 
Gly1139 and Gln1194 

His741, Phe742, Gly797, Arg912, 
Met1038, Gln1040, Ala1078, Gly1197, 
Val1200, Gln1201 and Glu1261 

8 -6.4 Arg912 and Gln1194 His741, Phe798, Met1038, Gly1038, 
Gln1040, Gly1197, Gln1201, Glu1209, 
Pro1230 and Ile1229 

9 -8.3 Arg912 Gln585, Leu744, Gly795, Phe798, 
Gly1197, Gln1201, Ile1229 and Pro1230 

10 -7.0 Gly1039 Phe798, Arg912, Gln1194, Gly1197, 
Val1200, Gln1201, Ile1129, Pro1230, 
Ala1231 and Phe1232 

11 -7.1 -- Phe742, Leu744, Gly795, Phe798, 
Met1038, Gly1039, Gln1194, Gly1197, 
Val1200, Gln1201, Ile1229 and Pro1230 
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Figures: 484 

 485 

Fig. 1. Chemical structure of the compounds isolated from different fractions of C. humilis. 486 
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 487 

Fig. 2. DPPH radical scavenging activity and IC50 values of C. humilis leaves ethanolic extract 488 

(CHEE) and its fractions, and ascorbic acid. Data are mean ± SD, (N=3). 489 
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 490 

Fig. 3. XO inhibitory activity and IC50 values of C. humilis leaves ethanolic extract (CHEE) 491 

and its fractions, and ascorbic acid. Data are mean ± SD, (N=3). 492 



23 
 

 493 

Fig. 4. The lowest binding energies of the compounds isolated from different fractions of C. 494 

humilis with XO (A) and molecular docking simulation of compound 1 with XO (B). 495 
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 496 

Fig. 5. Molecular docking simulation of compounds 7 (A) and 3 (B) isolated from C. humilis 497 

with XO.  498 

 499 
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 500 

Fig. 6. C. humilis ethanolic extract (CHEE) ameliorated APAP-hepatotoxicity in rats. (A) 501 

Photomicrographs of H&E-stained sections (X400) in the liver of control rats showing normal 502 

histological architecture, APAP-administered rats showing hydropic degeneration (yellow 503 

arrow) and hemorrhage (black arrow), and APAP-administered rats treated with CHEE 504 

showing nearly normal liver tissue architecture without vacuolations or hemorrhages. (B-E) 505 

CHEE decreased ALT (B), AST (C) and ALP (D) activities and increased albumin (E) in serum 506 
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of APAP-administered rats. Data are mean ± SEM, (n = 6). *P<0.05, **P<0.01 and 507 

***P<0.001 vs Control, and ###P<0.001 vs APAP. 508 

 509 

Fig. 7. C. humilis ethanolic extract (CHEE) attenuated APAP-induced oxidative stress in liver 510 

of rats. CHEE decreased MDA (A) and increased GSH (B), SOD (C) and catalase (D). Data 511 

are mean ± SEM, (n = 6). ***P<0.001 vs Control, and ###P<0.001 vs APAP. 512 
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 513 

Fig. 8. C. humilis ethanolic extract (CHEE) decreased liver XO (A), and serum uric acid (B), 514 
TNF-α (C) and IL-1β (D) in APAP-administered rats. Data are mean ± SEM, (n = 6). *P<0.05 515 
and ***P<0.001 vs Control. ##P<0.01 and ###P<0.001 vs APAP. 516 


