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12 Abstract 

13 As a traditional Tibetan medicine, Dracocephalum heterophyllum has many benefits, 

14 but due to the complicated procedures of separation and purification of its chemical 

15 constituents, there are few reports on the gingerols. In this study, four antioxidative 

16 gingerols were isolated from Dracocephalum heterophyllum by an integrated 

17 chromatographic approach. Antioxidant activity was then determined by in vitro 

18 experiments and its potential targets of action were investigated. First, the extract was 

19 pretreated through silica gel, MCI GEL® CHP20P, and Diol and Spherical medium 

20 pressure columns, while the antioxidant peaks were recognized using an online 

21 HPLC1,1-diphenyl-2-picrylhydrazyl system. Then, the antioxidant peaks were 

22 directionally separated and purified by high pressure liquid chromatography to obtain 

23 four gingerols with purity higher than 95%, namely 5-methoxy-6-gingerol, 6-shogaol, 

24 6-paradol, diacetoxy-6-gingerdiol. Finally, 1,1-diphenyl-2-picrylhydrazyl assays and 

25 cellular antioxidant experiments were carried out, and molecular docking were used to 

26 explore the potential antioxidant targets. The isolated gingerols upregulated the activity 

27 of antioxidant enzymes, including superoxide dismutase (SOD), heme oxygenase-1 

28 (HO-1) and NADPH oxidase 2 (NOX2), while had little effect on that of nadph:quinone 

29 oxidoreductase-1 (NQO1). This method can efficiently prepare and isolate 

30 antioxidative ginerols from Dracocephalum heterophyllum, and can be extended to 

31 isolate antioxidants from other natural products.

32 Keywords: Dracocephalum heterophyllum; Preparative HPLC; Gingerols; 

33 Antioxidant activity; Molecular docking.

34



35 1. Introduction

36 Under normal circumstances, oxidation and anti-oxidation in the body are in a 

37 dynamic equilibrium, but in disease or aging, pathological phenomena occur due to 

38 increased levels of free radicals. When the body is attacked by diseases or some 

39 exogenous drugs and toxins, free radicals have a strong damaging effect. They damage 

40 the biofilm by lipid peroxidation, cause oxidative damage to enzymes, amino acids and 

41 proteins and damage the internal organs. The morphological function of the immune 

42 system is affected. This leads to the development of diseases related to oxidative 

43 damage, such as metabolic syndrome, diabetes, neurodegenerative diseases, and even 

44 aging and cancer.1-6 The addition of exogenous antioxidants can prevent the occurrence 

45 of these diseases, but synthetic antioxidants pose safety risks such as toxic side effects. 

46 In addition, the shortcomings in the synthesis process, production costs, and 

47 environmental protection limit further development of artificial antioxidants, so it 

48 makes sense to search for natural antioxidants.7

49 Dracocephalum heterophyllum (D. heterophyllum) is a traditional Tibetan 

50 medicine (TTM) widely distributed in Xinjiang, Tibet, Qinghai, Gansu and other 

51 provinces of China for the treatment of various diseases such as jaundice, liver disease, 

52 cough, lymphangitis, oral ulcers and dental disease.8 At the same time, modern 

53 pharmacology has shown that D. heterophyllum has antidiabetic, antioxidant and 

54 antibacterial activities.9,10 Flavonoids, alkaloids, triterpenoids, phenylpropane and 

55 phenylethanoids have been reported to be isolated from D. heterophyllum.11-13 But 

56 gingerol and its derivatives have not yet been isolated. Gingerols possesses diverse 

57 biological activities including anti-inflammatory, antioxidant, anticancer, analgesic, 

58 gastroprotective, cardiotonic, antipyretic, anti-angiogenic, anti-platelet aggregation 

59 effects and anti-hyperglycemia.14,15 This provides a direction for further exploration of 



60 the pharmacological material basis of D. heterophyllum. What’s more, the isolation of 

61 pure compounds from natural products is frequently necessary for further biological 

62 activity investigations. However, one of the main issues inhibiting the exploration of 

63 more pharmacodynamic bases of D. heterophyllum is the low efficiency ratio and cost 

64 associated with the extraction and purification processes used today.

65 Advances in on-line HPLC1,1-diphenyl-2-picrylhydrazyl (HPLCDPPH) 

66 screening have greatly facilitated the screening and discovery of antioxidant molecules 

67 from natural products. The 1,1-diphenyl-2-picrylhydrazyl (DPPH) is added to the 

68 HPLC flow after the column and the antioxidants are detected by absorption reduction 

69 at specific visible wavelengths.16-20 This method can efficiently identify antioxidant 

70 gingerols in extracts of various natural products. Traditional approaches for separating 

71 complex plant extracts usually require multiple chromatographic steps on silica gel, 

72 polyamide, Sephadex LH-20 columns, etc.21,22 These approaches are usually limited by 

73 several shortcomings, such as time-consuming, complicated processes, poor 

74 reproducibility, and irreversible adsorption. High-speed counter-current 

75 chromatography (HSCCC) has been presented in recent literature as an alternative for 

76 the isolation of standard compounds from natural products.23,24 However, there are still 

77 some problems with this method, such as poor separation resolution, the need to 

78 determine partition coefficients, and the possibility of isolating only moderately polar 

79 compounds. Preparative HPLC is one of the most powerful tools for isolating and 

80 purifying individual components from complex samples, including TTM. It uses 

81 powerful separation, on-line detection and automated control to efficiently produce 

82 target compounds, with many advantages such as high efficiency, high resolution and 

83 good reproducibility. However, the main disadvantage is that the stationary phase is 

84 easily contaminated, which requires the selection of a suitable sample pretreatment 



85 method to extend the lifetime of the chromatography column.25-27 Therefore, in 

86 combination with preparative HPLC, the online system can quickly and efficiently 

87 identify and specifically separate compounds with antioxidant activity.

88 Molecular docking technology is a powerful tool for evaluating the binding 

89 efficiency between ligands and protein targets, which strongly supports the screening 

90 of the material basis of TTM. Molecular docking mainly determines the degree of 

91 binding based on the energy of the interaction between the ligand and the receptor and 

92 the amino acid site of the interaction.28 When oxidative stress occurs, an excess of 

93 reactive oxygen species (ROS) is produced in the body. ROS are generated in cells by 

94 the nicotinamide adenine dinucleotide phosphate (NADPH) oxidase system, which is a 

95 complex of several membrane-associated and cytosolic components. NADPH oxidase 

96 2 (NOX2) is the main functional subunit of NADPH oxidase in mononuclear cells.29 

97 Other studies have shown that nadph:quinone oxidoreductase-1 (NQO1) and heme 

98 oxygenase-1 (HO-1) are closely related to antioxidant stress,30,31 these enzyme proteins 

99 can be molecularly docked to the isolated gingerols, the mechanism of action can be 

100 theoretically analyzed, and the dominant peptides can be specifically identified. 

101 Functional prediction of gingerols and screening of potential target proteins of 

102 gingerols provide a theoretical basis for subsequent efficacy evaluation.

103 In this work, an on-line HPLCDPPH system was used in combination with 

104 medium and high pressure chromatography to study the antioxidant activity of 

105 gingerols in Dracocephalum heterophyllum. These isolation methods were integrated 

106 and applied to the actual isolation process to target the rapid isolation of antioxidant 

107 compounds in D. heterophyllum, which can also be extended to other TTMs or even 

108 natural compounds. The extracts of D. heterophyllum were successively pretreated with 

109 silica gel, MCI GEL® CHP20P, Diol and Spherical medium pressure liquid 



110 chromatography columns. The antioxidant gingerols were then purified from the 

111 enriched fraction using a ReproSil-Pur C18 AQ followed by a Kromasil 100-5 Phenyl 

112 high pressure liquid chromatography column. Finally, the antioxidant activities of the 

113 isolated compounds were verified by in vitro experiments and molecular docking 

114 experiments to explore potential targets.



115 2. Materials and methods

116 2.1 Instrumentation and reagents 

117 A preparative liquid chromatography (Hanbon Science & Technology Co. China) 

118 was built from two NP7000 prep-HPLC pumps, a NU3000 UV–Vis detector, 5 mL 

119 manual injector, and LC workstation. On-line HPLC–DPPH system has been 

120 established using Essentia LC-16 (Shimadzu Instruments, Co. China) and a LC-10AD 

121 HPLC devices (Shimadzu Instruments, Co. Japan), each equipped two binary gradient 

122 pumps, UV–Vis detector, a column thermostat and a LC workstation. The two HPLCs 

123 were merged using a triple valve and the polyether ether ketone reaction coils (18.0 m 

124 × 0.25 mm i.d.). The LC-16 was used to carry out the HPLC analysis and the LC-10AD 

125 was employed to obtain the DPPH screening chromatogram. A Waters QDa ESI mass 

126 spectrometer (Waters Instruments Co. USA) was used to conduct ESI-MS analysis. The 

127 600 MHz Bruker Avance was employed to obtain 1H and 13C NMR spectra (Bruker 

128 Instruments Co. Germany) using DMSO-d6 for the NMR solvent. UV absorbance 

129 values were obtained on a Readmax 1900 microplate reader (Flash, Co. China). Flow 

130 cytometry was purchased from Hangzhou Aisen Company (Zhejiang, China).

131 The silica (100-200 mesh) used in a medium pressure column (49 × 460 mm) was 

132 obtained from Qingdao Ocean Chemical Corporation (Shandong, China). The MCI 

133 GEL®CHP20P (120 μm) separation material was purchased from Mitsubishi Chemical 

134 Corporation (Japan). Diol (50 × 500 mm, 25 μm) column was supplied by ACCHROM 

135 Corporation (Beijing, China). Spherical C18 (50 × 500 mm, 50 μm) was obtained from 

136 SiliCycle (Canada). Two ReproSil-Pur C18 AQ columns (4.6 × 250 mm, 5 μm and 20 

137 × 250 mm, 5 μm) were purchased from Maisch Corporation (Germany). Kromasil 100-

138 5 Phenyl analytical (4.6 × 250 mm, 5 μm) and preparative Kromasil 100-5 Phenyl (20 

139 × 250 mm, 5 μm) columns were obtained by Nouryon Kromasil Corporation (Sweden).



140 DPPH was purchased from Sigma-Aldrich (Steinheim, Germany). Ethanol, 

141 methanol (MeOH), dichloromethane (CH2Cl2), acetonitrile (ACN), n-hexane and ethyl 

142 acetate in analytical grade were obtained from Kelon Chemical Reagent Factory 

143 (Sichuan, China). HPLC grade Ethanol, MeOH and ACN were purchased from Kelon 

144 Chemical Reagent Factory (Sichuan, China). HPLC grade H2O was prepared using a 

145 water purifier from Moore (Chongqing, China). The L02 cells used in this work were 

146 purchased from BeNa Culture Collection (Beijing, China).

147 2.2 Plant sample preparation and medium pressure liquid chromatography 

148 pretreatment

149 The whole D. heterophyllum was collected from North Mountain in Huzhu, 

150 Qinghai (2488 m, N 36°50′, 15", E 101°57′, 06") and validated by Prof. Lijuan Mei of 

151 Northwest Institute of Plateau Biology. A sample (nwipb-2016-10-10) was stored in 

152 the Qinghai-Tibetan Plateau Museum of Biology. After drying and powdering all D. 

153 heterophyllum herbs in the shade, 10.0 kg of the sample was extracted three times with 

154 95% v/v ethanol (80.0 L solvent, 12 h for each extraction). The resulting 240.0 L 

155 extracting solution was collected, filtered, and concentrated in a rotary evaporator at 

156 40°C. After the volume of concentrated solution was reduced to 5.0 L, it was mixed 

157 with 1.5 kg of amorphous silica gel and dried in a 40°C oven. The final dried silica gel 

158 mixture (2.8 kg) was pretreated with silica gel medium pressure liquid chromatography 

159 and separated with a mobile phase of MeOH and CH2Cl2 using the following linear 

160 elution gradients: 0-30 min, 0% MeOH; 30-60 min, 0-100% MeOH; 60-90 min, 100% 

161 MeOH. The flow rate was kept constant at 57.0 mL/min, and single loading amount 

162 was 65 g. Chromatogram was recorded at 210 nm. After repeating 43 times, fraction 

163 Fr1 (205.5 g) was obtained as the subsequent separation material.



164 Fr1 (205.5 g) was dissolved in 2.0 L of methanol, then mixed with 234.0 g of 

165 amorphous silica gel and dried in an oven at 40°C. The dry mixture (439.5 g) was 

166 pretreated with MCI GEL®CHP20P medium pressure chromatographic column (49 × 

167 460 mm) and eluted with a MeOH/H2O mobile phase. The elution was carried out 

168 according to the following: 0-150 min, 20-100% MeOH; 150-210 min, 100% MeOH. 

169 Absorbance was measured at 210 nm with a flow rate of 57.0 mL/min. The single 

170 loading amount was 55.0 g. After 8 times repeated, fractions Fr11-Fr15 were obtained 

171 and concentrated through drying. Fraction Fr14 (44.2 g) was chosen for subsequent 

172 separation.

173 Fraction Fr14 (44.2 g) was dissolved in 400.0 mL of methanol, then mixed with 

174 74.0 g of amorphous silica gel and dried in an oven at 40°C. The dry mixture (118.2 g) 

175 was pretreated with Diol medium pressure chromatographic column (50 × 500 mm) 

176 and eluted with N-hexane/ethyl acetate mobile phase. The linear gradient elution 

177 involved 0-90 min (0-100% ethyl acetate) at a flow rate of 57.0 mL/min, and the 

178 chromatogram was recorded at 280 nm. After two repeated separations, the target 

179 fraction (Fr141) was collected, combined and concentrated to yield 9.9 g of enriched 

180 sample with 22.4% recovery.

181 The enrichment of active components in Fr141 was carried out on the Spherical 

182 C18 column. The column was eluted with water/ethanol in gradient mode (55-75% 

183 ethanol over 90 minutes). The injection volume was 3.3 g, and flow rate was 57.0 

184 mL/min. The chromatograms were monitored at 210 nm. After three repeated 

185 separations, the target fraction (Fr1412) was collected, combined and concentrated to 

186 yield 0.9 g of enriched sample with 9.1% recovery.

187 The chromatographic conditions used in the recognition of antioxidant peaks for 

188 Fr14 and Fr141 samples with the on-line DPPH-HPLC system were as follows: The 



189 analytical column: ReproSil-Pur C18 AQ column; mobile phase A: HPLC-grade water, 

190 B: Acetonitrile (ACN); gradient: 0-60 min, 40-75% B; monitoring wavelength: 210 nm; 

191 flow rate: 1.0 mL/min; column temperature: 30°C. Conditions for DPPH: monitoring 

192 wavelength: 517 nm; DPPH solution flow rate: 0.8 mL/min.

193 2.3 High pressure liquid chromatography separation and purification of 

194 antioxidative gingerols from Fr1412

195 The Fr1412 were further separated using ReproSil-Pur C18 AQ (20 × 250 mm, 5 

196 μm) preparative column. Chromatographic conditions were obtained after linear 

197 amplification of analytical chromatographic conditions. The HPLC grade water and 

198 ACN were mobile phases A and B, respectively. The elution step of Fr1412 was 55% 

199 B isocratic elution for 60 min. Chromatogram was recorded at 210 nm. Then, 101 mg 

200 of Fr14123, 78 mg of Fr14124 and 94 mg of Fr14126 were obtained, respectively. 

201 The subsequent separation of Fr14123, Fr14124 and Fr14126 was performed on 

202 the Kromasil 100-5 Phenyl (20 × 250 mm, 5 μm) preparative column. Likewise, 

203 preparative chromatographic conditions are obtained after linear scaling up of 

204 analytical chromatographic conditions. The mobile phase A was HPLC grade water, 

205 mobile phases B were acetonitrile (ACN). For Fr14123, Fr14124 and Fr14126, the 

206 isocratic elution step was performed 40% ACN for 65 min, 42% ACN for 60 min and 

207 38% ACN for 120 min, respectively. The rate of flow of the eluent was constantly 

208 maintained at 19.0 mL/min and the process of elution was tracked at 210 nm. Finally, 

209 7.55 mg of Fr141231, 5.33 mg of Fr141241, 12.55 mg of Fr141261 and 5.70 mg of 

210 Fr141262 were obtained, respectively.

211 2.4 Assessment of purity and activity of the antioxidative gingerols

212 Evaluation of Fr141231, Fr141241, Fr141261 and Fr141262 purity and activity 

213 was conducted using the on-line HPLC–DPPH system. The Kromasil 100-5 Phenyl (4.6 



214 × 250 mm, 5 μm) analytical column was utilized to analyze gingerols antioxidants. 

215 HPLC grade water and ACN were used as the mobile phase A and B respectively. The 

216 elution conditions were 48% B isocratic elution for 60 minutes at a flow rate of 1.0 

217 mL/min. The absorbance was tracked at 210 nm. The concentration of DPPH was 25 

218 μg/mL, whereas the eluent was allowed to flow at a rate of 0.8 mL/min. At 517 nm, the 

219 UV-Vis detector-based chromatograms of the ethanolic solution of DPPH were 

220 acquired.

221 2.5 Antioxidant test in vitro

222 2.5.1 DPPH assays

223 Determination of the antioxidant activity of gingerol according to the DPPH assay 

224 of Sirivibulkovit et al.32 Each of the isolated antioxidant gingerols was prepared as 

225 solutions of different concentrations (0.1, 1, 10, 50, 100, 500 μg/mL). The sample 

226 solution and DPPH solution (25 μg/mL) were mixed and incubated in a 96-well plate, 

227 and the absorbance of the mixed solution was measured at 517 nm. The experiment was 

228 repeated three times. The scavenging rate of DPPH free radicals was calculated as 

229 follows. 

230 DPPH inhibition (%) = [1-(A-A0)/A1] ×100%

231 Where A, A0 and A1 were the absorbance of the experimental group, blank group 

232 and control group, respectively.

233 2.5.2 Cellular antioxidant activity assays

234 L02 cells were cultured in 1640 medium supplemented with 15% FBS, 100 U/mL 

235 penicillin and 100 mg/mL streptomycin. The cells were maintained in a humidified 

236 incubator containing atmospheric air and 5% CO2 at 37°C. For the subculture, the cells 

237 were harvested at about 80% confluence and detach by a trypsin-EDTA solution (0.25% 

238 trypsin, 0.02% EDTA). 



239 The L02 cells injury model induced by H2O2.33 In the following experiments, the 

240 cells were allowed to adhere for 12 h and replaced the cell medium with 20 μM of test 

241 compound for another 20 h, then the cells were exposed to H2O2 (1 mM) for 4 h. 

242 The cells were cultured in 24-well plates (5 × 104 cells/well) and pre-incubated 

243 with the test compound for 20 h and then exposed to H2O2 (1 mM) for 4 h. Cell 

244 morphology photos were taken by Olympus phase contrast microscope.

245 Then the cells were collected and lysed. The content of malondialdehyde (MDA) 

246 and activity of superoxide dismutase (SOD) were detected according to the 

247 manufacturer’s instructions of Nanjing Jiancheng Bioengineering Institute.

248 As for the detection of ROS, the cells were cultured in 12-well plates (1.2 × 105 

249 cells/well) and the cell were treated as previous described. Before the cells were finally 

250 collected. The fluorescent probe was further incubated with cells for 30 min. And the 

251 fluorescence intensity was determined using flow cytometry. DCFH-DA (10 µM, 

252 470/530 nm (ex/em)) was used for cytoplasmic ROS and Mitosox (5 µM, 510/580 nm 

253 (ex/em)) was used for mitochondrial ROS detection.

254 The cells were cultured in 6-well plates (2 × 105 cells/well) and exposed to H2O2 

255 (1 mM) for 3 h. Cells were collected and lysed. Western blot was carried out to analyze 

256 the HO-1, NQO1 and NOX2 expression.

257 2.6 Molecular docking

258 A molecular docking approach was used to assess theoretical interactions between 

259 different molecules.34 For this study, AutoDock was used to assess potential 

260 interactions between four antioxidants (Fr141231, Fr141241, Fr141261 and Fr141262) 

261 and the HO-1, NOX2 and NQO1 receptor. The HO-1 crystal structure (PDB ID: 1N3U), 

262 NOX2 crystal structure (PDB ID: 2CDU) and NQO1 crystal structure (PDB ID: 1H69) 

263 were obtained from the RCSB Protein Data Bank (https://www.rcsb.org/). Water 



264 molecules and ions were removed from the receptor prior to docking, after which polar 

265 hydrogen atoms and Coleman charge were added. The AutoGrid program was used to 

266 set a grid box. Minimization was conducted with the Lamarckian genetic algorithm and 

267 the pseudo-Solis and Wets methods using default parameters. In total, 100 peptide 

268 conformations were defined based on dock score values, with the conformation 

269 exhibited the minimum binding energy being selected for model development. The 

270 results were visualized and analyzed using Discovery Studio 2020.

271 2.7 Statistical analysis

272 All of the experiments were performed in triplicate, and data are shown as the mean 

273 ± standard deviation. Statistical analysis was performed by one-way ANOVA or 

274 Student’s t-test using statistical analysis software SPSS version 18.0 (SPSS, Chicago, 

275 IL, USA). p < 0.05 was considered statistically significant.



276 3. Results and Discussion

277 3.1. Sample pretreatment with medium pressure liquid chromatography

278 Methanol was chosen as the extraction solvent because of its low cost and 

279 relatively environmental friendliness. The 1.3 kg of crude sample (calculated by 

280 subtracting 1.5 kg of silica from 2.8 kg of silica mixture) was obtained from 10.0 kg 

281 air-dried whole herb of D. heterophyllum, producing an extraction yield of 

282 approximately 13.4%. The crude sample was pretreated with silica medium pressure 

283 liquid chromatography to achieve visible separation and eliminate polymers and sugars. 

284 The medium pressure liquid chromatography consists of two medium pressure columns 

285 of different sizes (49 × 100 mm and 49 × 460 mm) connected to form a column system, 

286 thus achieving the purpose of increasing the loading volume and improving the 

287 preparation efficiency. The separation chromatogram was shown in Figure 1A. It can 

288 be seen that baseline separation can be achieved between the two fractions. After 43 

289 repeated separations, a total of two fractions were produced, with the target fraction Fr1 

290 weighing 205.5 g (recovery 15.8%). 

291 Since chlorophyll may be dead adsorbed on the stationary phase of the preparative 

292 column, it was necessary to remove chlorophyll before further preparative isolation. 

293 Therefore, we chose MCI GEL® CHP20P medium pressure column to pretreat Fr1 for 

294 the purpose of chlorophyll removal and initial enrichment of fractions. Figure 1B 

295 showed the separation chromatogram. After 9 repetitions, five fractions (Fr11, Fr12, 

296 Fr13, Fr14 and Fr15) were collected. Here, Fr14 (44.2 g) was chosen as the targeted 

297 sample to illustrate the target isolation of antioxidative gingerols.

298 The fractions Fr14 (100 mg) was solubilized in 0.1 mL of MeOH and filter through 

299 a 0.45 mm filter. As shown in Figures 1C and 1D, with optimized chromatographic 

300 conditions, Fr14 was re-analyzed using an on-line HPLC–DPPH system on the 



301 ReproSil-Pur C18 AQ analytical column. From Figure 1D, it can be seen that there 

302 were many negative peaks at 517 nm in Fr14, indicating that there were many 

303 antioxidant peaks in Fr14. At the same time, it can be seen that the composition of Fr14 

304 was complex and it was difficult to separate these antioxidant peaks directly. Further 

305 pretreatment by medium pressure liquid chromatography was performed on a Diol 

306 column to enrich the active components in Fr14. The results were shown in Figure 1E. 

307 Fr14 was divided into five subfractions Fr141-Fr145, and fraction Fr141 (9.9 g) was 

308 selected for the next step of separation and purification of antioxidative gingerols. Then, 

309 on-line recognition of the antioxidant peak of Fr141 was performed on the 

310 HPLCDPPH system using the ReproSil-Pur C18 analytical column AQ. As shown in 

311 Figures 1F and 1G, three negative peaks (peaks I, II and III) appeared at 517 nm 

312 between 27 and 40 min, indicating that Fr141 contained at least three antioxidant peaks 

313 (heart-shaped peaks 1-3). 

314 However, it can be seen from the Figure 1F that peaks 1-3 were difficult to achieve 

315 baseline separation from the adjacent peaks. Next, Fr141 was again enriched for active 

316 components using the Spherical C18 medium pressure column. The chromatogram was 

317 shown in Figure 1H where Fr141 was subdivided into Fr1411, Fr1412 and Fr1413. 

318 Under the same conditions as in Figure 1F, the active peaks in Fr141 were found to be 

319 enriched in Fr1412 (923.8 mg), as shown by the red dotted lines in Figure 2A and 2B.

320 3.2. Target preparation of antioxidative gingerols of Fr1412 with high pressure 

321 liquid chromatography

322 In order to obtain a satisfactory separation profile, the chromatographic condition 

323 was optimized in this work based on the analysis conditions in Figure 2B, and Figure 

324 2C was the optimized chromatogram where peaks 1-3 can achieve baseline separation. 

325 At the same time, the active peaks of Fr1412 were recognized again on the on-line 



326 HPLC–DPPH system, as shown in Figure 2D, peaks I-III correspond to peaks 1-3 

327 respectively, which were consistent with Figure 1G. Under the optimized conditions, 

328 the target preparation was performed on the ReproSil-Pur C18 AQ preparative column. 

329 Figure 2E showed the preparative chromatogram of the fraction Fr1412. When 

330 compared with Figure 2C and 2E, similar retention times were observed for active 

331 chromatographic peaks 1-3 on the preparative column of ReproSil-Pur C18 AQ (Figure 

332 2E) and analytical column of ReproSil-Pur C18 AQ (Figure 2C). Because the packing 

333 of the columns is the same and the retention properties of the preparative and analytical 

334 columns are the same for the samples, the peak emergence times are similar. After 7 

335 repeated chromatographic separations, the fractions were collected and the solvent was 

336 evaporated to yield 101.6 mg of Fr14123, 78.0 mg of Fr14124 and 94.5 mg of Fr14126 

337 with a recovery of 29.7%.

338 The mechanism of synthesis of Kromasil 100-5 Phenyl is different from that of 

339 common C18 reversed-phase column fillers. The re-analysis of Fr14123, Fr14124 and 

340 Fr14126 were conducted on the Kromasil 100-5 Phenyl analytical column with 

341 isocratic elution. As shown in Figure 2F-2K, peak 1 (Figure 2F correspond to DPPH 

342 negative peak I of Figure 2G), peak 2 (Figure 2H correspond to DPPH negative peak II 

343 of Figure 2I) and peaks 3 and 4 (Figure 2J correspond to DPPH negative peaks III and 

344 IV of Figure 2K) were observed by employing the on-line HPLCDPPH system using 

345 the optimized conditions. It is worth mentioning that peak 3 in Figure 2C was detected 

346 with two active negative peaks (peak III and peak IV of Figure 2K) on the Kromasil 

347 100-5 Phenyl analytical column. The results illustrated that Kromasil 100-5 Phenyl 

348 column and ReproSil-Pur C18 AQ column have good complementary selectivity. 

349 Following linear amplification, 19.0 mL/min was maintained when separating Fr14123, 

350 Fr14124 and Fr14126 on the Kromasil 100-5 Phenyl preparative column. Figure 2L, 



351 2M and 2N showed the preparative chromatograms of the Fr14123, Fr14124 and 

352 Fr14126. A comparison of Figure 2L and 2F made it evident that peak 1 was found to 

353 have nearly identical retention times on the preparative column and the analytical 

354 column. The analysis chromatograms and preparative chromatograms of peak 2 in 

355 Fr14124 (Figure 2H and 2M) and peaks 3 and 4 in Fr14126 (Figure 2J and 2N) also had 

356 nearly identical retention times. After preparative separations, the Fr141231 (peak 1, 

357 7.55 mg, 7.4% recovery), Fr141241 (peak 2, 5.33 mg, 6.8% recovery), Fr141261 and 

358 Fr141262 (peaks 3 and 4, 12.55 mg and 5.70 mg with 19.2% recovery) were collected. 

359 These results proved the complementary selectivity of ReproSil-Pur C18 AQ and 

360 Kromasil 100-5 Phenyl columns for separating peaks 1-4, which could be ascribed to 

361 the different polarities of these compounds and their interactions with the stationary 

362 phases. The alternate use of stationary phases with different properties can be a good 

363 solution to complex separation problems and can be applied to the actual separation 

364 process.

365 3.3. Purity, activity and structural of Fr141231, Fr141241, Fr141261 and Fr141262

366 The isolated Fr141231, Fr141241, Fr141261 and Fr141262 were re-evaluated for 

367 the purity and activity by employing the on-line HPLC–DPPH system with the 

368 Kromasil 100-5 Phenyl analytical column. The four antioxidative gingerols were found 

369 to have purities well above 95% as illustrated in Figure 3A-3H. In order to elucidate 

370 the structure of target compounds, Fr141231, Fr141241, Fr141261 and Fr141262 were 

371 identified by comparing their ESI-MS and NMR spectrum data with literature data. 

372 Figures S1–S12 in the supplementary material were the full spectrum of the structure 

373 identification of the four gingerols in this study. Fr141231, Fr141241, Fr141261 and 

374 Fr141262 had NMR and MS data that matched the data for 5-methoxy-6-gingerol, 6-



375 shogaol, 6-paradol, diacetoxy-6-gingerdiol, respectively. The chemical structures were 

376 shown in Figure 3I-3L. 

377 Fr141231: (peak 1, 5-methoxy-6-gingerol, 7.55 mg, yellow oily liquid, ESI-MS 

378 m/z: 331.28 [M+Na]+). 1H NMR (600 MHz, DMSO-d6) δ: 8.65 (1H, s, 4'-OH), 6.75 

379 (1H, d, J = 1.9 Hz, 2'-H), 6.64 (1H, d, J = 8.0 Hz, 5'-H), 6.56 (1H, dd, J = 7.9, 1.9 Hz, 

380 6'-H), 3.73 (3H, s, 3'-OCH3), 3.57 (1H, m, 5-H), 3.17 (3H, s,5-OCH3), 2.71 (2H, m, 1-

381 H), 2.62 (1H, dd, J = 15.9, 7.2 Hz, 4a-H), 2.46 (1H, dd, J = 15.9, 5.2 Hz, 4b-H), 0.85 

382 (3H, t, J = 7.0 Hz, 10-H). 13C NMR (151 MHz, DMSO-d6) δ: 208.7 (C-3), 147.4 (C-3'), 

383 144.6 (C-4'), 131.9 (C-1'), 120.2 (C-6'), 115.2 (C-5'), 112.5 (C-2'), 76.3 (C-5), 55.9 (C-

384 (3'-OCH3)), 55.5 (C-(5-OCH3)), 46.7 (C-4), 44.5 (C-2), 33.2 (C-8), 31.3 (C-6), 28.6 (C-

385 1), 24.1 (C-7), 22.0 (C-9), 13.9 (C-10). These data are consistent with published data 

386 for 5-methoxy-6-gingerol. 35

387 Fr141241: (peak 2, 6-shogaol, 5.33 mg, yellow oily liquid, ESI-MS m/z: 299.21 

388 [M+Na]+). 1H NMR (600 MHz, DMSO-d6) δ: 8.65 (1H, s, 4'-OH), 6.85 (1H, dt, J = 

389 16.0, 7.0 Hz, 5-H), 6.77 (1H, d, J = 1.9 Hz, 2'-H), 6.64 (1H, d, J = 7.9 Hz, 5'-H), 6.57 

390 (1H, dd, J = 8.0, 1.9 Hz, 6'-H), 6.09 (1H, dt, J = 16.0, 1.4 Hz, 4-H), 3.73 (3H, s, 3'-

391 OCH3), 2.83 (2H, t, J = 15.2, 7.2 Hz, 2-H), 2.69 (2H, t, J = 15.2, 7.9 Hz, 1-H), 2.17 

392 (2H, m, 6-H), 1.22-1.43 (6H, m, 7, 8 and 9-H), 0.86 (3H, m, 10-H). 13C NMR (151 

393 MHz, DMSO-d6) δ: 199.3 (C-3), 147.5 (C-5), 147.4 (C-3'), 144.6 (C-4'), 131.9 (C-1'), 

394 130.2 (C-4), 120.3 (C-6'), 115.2 (C-5'), 112.6 (C-2'), 55.5 (-OCH3), 41.1 (C-2), 31.7 

395 (C-6), 30.8 (C-8), 29.2 (C-1), 27.2 (C-7), 21.9 (C-9), 13.8 (C-10). The data were in 

396 agreement with the literature data for 6-shogaol.35

397 Fr141261: (peak 3, 6-paradol, 12.55 mg, brown black oily liquid, ESI-MS m/z: 

398 279.16 [M-H]-). 1H NMR (600 MHz, DMSO-d6) δ: 8.65 (1H, s, 4'-OH), 6.74 (1H, d, J 

399 = 1.8 Hz, 2'-H), 6.64 (1H, d, J = 8.0 Hz, 5'-H), 6.55 (1H, dd, J = 8.0, 1.8 Hz, 6'-H), 3.73 



400 (3H, s, 3'-OCH3), 2.67 (4H, m, 1 and 2-H), 2.38 (1H, t, J = 7.3 Hz, 4-H), 1.43 (2H, m, 

401 5'-H), 1.13-1.30 (8H, m, 2, 4, 5, 6-H), 0.85 (3H, t, J = 6.9 Hz, 10-H). 13C NMR (151 

402 MHz, DMSO-d6) δ: 210.0 (C-3), 147.4 (C-3'), 144.6 (C-4'), 131.9 (C-1'), 120.2 (C-6'), 

403 115.2 (C-5'), 112.5 (C-2'), 55.5 (-OCH3), 43.7 (C-2), 41.9 (C-4), 31.1 (C-8), 28.8 (C-

404 1), 28.5 (C-6), 28.5 (C-7), 23.2 (C-5), 22.0 (C-9), 13.9 (C-10). The data were in 

405 agreement with the literature data for 6-paradol.35

406 Fr141262: (peak 4, diacetoxy-6-gingerdiol, 5.70 mg, brown black oily liquid, ESI-

407 MS m/z: 403.37 [M+Na]+). 1H NMR (600 MHz, DMSO-d6) δ: 8.65 (1H, s, 4'-OH), 6.71 

408 (1H, d, J = 1.8 Hz, 2'-H), 6.65 (1H, d, J = 8.0 Hz, 5'-H), 6.55 (1H, dd, J = 8.0, 1.8 Hz, 

409 6'-H), 4.80 (2H, m, 3 and 5-H), 3.73 (3H, s, 3'-OCH3), 2.48 (1H, m, 1a-H), 2.41 (1H, 

410 m, 1b-H), 2.00 (3H, s, 2''-H), 1.93 (3H, s, 2'''-H), 1.77 (4H, m, 2 and 4-H), 1.45 (2H, m, 

411 6-H), 1.21 (6H, m, 7, 8 and 9-H), 0.84 (3H, t, J = 6.9 Hz, 10-H). 13C NMR (151 MHz, 

412 DMSO-d6) δ: 170.0 (C-1''), 169.9 (C-1'''), 147.4 (C-3'), 144.5 (C-4'), 131.9 (C-1'), 120.2 

413 (C-6'), 115.3 (C-5'), 112.4 (C-2'), 70.7 (C-3), 70.4 (C-5), 55.5 (-OCH3), 37.9 (C-4), 35.4 

414 (C-2), 33.5 (C-6), 30.9 (C-1), 30.4 (C-8), 24.1 (C-7), 21.9 (C-9), 20.9 (C-2''), 20.8 (C-

415 2'''), 13.8 (C-10). The above data were in agreement with those of diacetoxy-6-

416 gingerdiol in the literature.35

417 3.4. In vitro antioxidant activity analysis of Fr141231, Fr141241, Fr141261 and 

418 Fr141262

419 When H2O2-induced damaged L02 cells were treated with isolated gingerols, it 

420 can be seen from Figure 4 that the cells in the model group were damaged and the edges 

421 shrank, whereas the damaged cells in the four experimental groups all improved in 

422 morphology and the cells became rounder and the cell density also increased, but the 

423 strength of the antioxidant capacity of the four compounds could not be determined. 

424 Therefore, the DPPH assay was used to determine the antioxidant activity of the 



425 gingerols, and the IC50 values of Fr141231, Fr141241, Fr141261, and Fr141262 for 

426 scavenging DPPH free radicals were 17.18, 18.68, 16.42 and 2.95 μg/mL, respectively. 

427 The rate curve was shown in Figure 5A. The lower the IC50 value, the higher the 

428 antioxidant activity. It can be seen that the antioxidant activity of Fr141262 was the 

429 strongest among the four compounds, which may be attributed to the presence of 

430 diacetoxy in the structure.

431 The four antioxidative gingerols were all aryldecane compounds. However, due to 

432 the different substituents at the C3 and C5 positions, the IC50 values for DPPH assays 

433 were not the same. In Fr141231, Fr141241 and Fr141261 all C3 substitutions were 

434 carbonyl groups, the difference was C5 substitutions. When C5 had no substituent 

435 (Fr141261) or the substituent was a methoxy group (Fr141231), the IC50 values were 

436 similar but both lower than for Fr141241 (double bond substitution of C5). Compared 

437 with the structures of these three compounds and Fr141262, when the methyl ester 

438 group was substituted at both the C3 and C5 positions, the compound had the strongest 

439 ability to scavenge DPPH free radicals, and the IC50 value was the lowest (2.95 μg/mL).

440 SOD is an important antioxidant enzyme that scavenges free radicals from 

441 superoxide anions in vivo and can protect cells from oxygen free radical damage. MDA 

442 is one of the products formed in the reaction between lipids and oxygen free radicals, 

443 and its content indicates the degree of lipid peroxidation. SOD and MDA are important 

444 indicators for assessing antioxidant capacity and oxidative capacity during oxidative 

445 stress. They can be used as markers to evaluate oxidative stress in organisms and can 

446 be used for disease pathogenesis and drug discovery.36 In this work, the SOD activity 

447 was decreased and the MDA content was increased in the model group compared with 

448 the control group (Figure 5B). After treatment with gingerols (experimental group), 

449 SOD activity increased to some extent. There was a significant difference between 



450 Fr141261 and Fr141262 (p < 0.05). At the same time, these two compounds could also 

451 significantly reduce the content of MDA (p < 0.01). In addition, Fr141241 could 

452 significantly reduce the MDA content (p < 0.05). Fr141231 could also improve the 

453 changes of these two indicators, but there was no significant difference. This result may 

454 indicate that the four isolated gingerols have different effects against oxidative damage.

455 ROS are very important signal transduction factors, and an increase in ROS can 

456 lead to oxidative stress in cells. In this study, DCFH2-DA and Mitosox were used to 

457 detect the production of cytoplasmic ROS and mitochondrial ROS, respectively. As 

458 shown in Figures 5C and 5D, the ROS content in the cytoplasm and mitochondria of 

459 L02 cells was significantly increased after H2O2 induction compared with controls. 

460 Compared with the model group, Fr141241, Fr141261 and Fr141262 treatments 

461 significantly inhibited H2O2-induced ROS production in the cytoplasm of L02 cells, 

462 whereas H2O2-induced mitochondrial ROS production in L02 cells was significantly 

463 inhibited by Fr141261 and Fr141262 treatment groups. ROS is a highly active molecule 

464 that can balance cellular homeostasis without stimulation, but an excess of ROS can 

465 cause metabolic disorders and inflammatory diseases in the body. Mitochondria are the 

466 main source of production of ROS. The above experimental results show that the 

467 isolated gingerols can reduce ROS in cells and mitochondria to some extent, reduce the 

468 body damage caused by excess of ROS, and play an antioxidant role.

469 Compound Fr141241 is formed by demethoxylation (CH3O-) of compound 

470 Fr141231 and further dehydrogenation at the C4/C5 position. When the methoxy group 

471 was lost to increase the double bond, Fr141241 can significantly reduce intracellular 

472 ROS, decrease MDA content and improve antioxidant activity. While the change of 

473 SOD was not significantly affected in vitro, it can be concluded that the appearance of 

474 double bonds plays a role in the change of intracellular ROS. Comparing the structure 



475 of compound Fr141231 and compound Fr141261, it could be seen that the antioxidant 

476 activity of the compound was significantly increased when no methoxy group was 

477 present in the structure, and the antioxidant indicators show a good improvement effect. 

478 Similarly, when comparing compound Fr141231 and compound Fr141262, the 

479 presence of a methyl ester group significantly improved the antioxidant activity of the 

480 compound, and it was the compound with the strongest antioxidant activity among the 

481 four compounds.

482 The above results of in vitro antioxidant experiments proved that the isolated 

483 gingerols exhibit certain antioxidant activities at both chemical and biological levels. 

484 Structural differences also lead to differences in their antioxidant capacity. To further 

485 explore the possible pathways of gingerols in their antioxidant effects, molecular 

486 docking and western blot experiments analysis were used to investigate potential 

487 targets.

488 3.5. Potential targets research by molecular docking and western blot

489 The kelch-like ECH-associated protein 1 (Keap1) - nuclear factor erythroid 2 

490 related factor 2 (Nrf2) - antioxidant response element (ARE) signaling pathway is an 

491 important pathway in the human body’s defense mechanism against oxidative stress. 

492 Under physiological conditions, Nrf2 mainly binds to cytoplasmic Keap1 and keeps its 

493 transcriptional activity low. However, when cells are stimulated by oxidative stress, 

494 Nrf2 dissociates from Keap1, translocates to the nucleus, and interacts with the 

495 antioxidant response element ARE in the nucleus. This binding initiates the 

496 transcription of downstream antioxidant proteins such as HO-1, NQO1 and NOX2, 

497 which play a role in combating oxidative damage.37-39 In this work, the downstream 

498 antioxidant proteins HO-1, NQO1 and NOX2 were used as receptors for molecular 

499 docking experiments and western blot experiments with isolated gingerol to predict the 



500 possible target proteins that these compounds may exert in exerting their antioxidant 

501 activities.

502 HO-1 is an enzyme with inducible isoform that controls the response to stress 

503 conditions such as oxidative stress, hypoxia, cytokines, heavy metals, etc.40 When 

504 oxidative stress occurs in the body, ROS itself can activate NOX2 through the 

505 intracellular signaling pathway, reducing ROS in the body and decreasing oxidative 

506 stress.41 In addition, NQO1 is a quinone oxidoreductase and a metabolic enzyme in the 

507 electrophilic stress process. It plays a detoxifying role in the cytotoxic effect of 

508 quinones and their derivatives (structural damage such as DNA and proteins) and can 

509 also reduce oxidative stress.42 To investigate the potential target proteins of isolated 

510 gingerols for their antioxidant effects, HO-1, NOX2 and NQO1 were selected for 

511 molecular docking and western blot in this study.

512 The results of molecular docking were shown in Table 1. The binding energies of 

513 Fr141231, Fr141241, Fr141261, and Fr141262 to HO-1 (PDB ID: 1N3U) 43 were -5.63, 

514 -6.08, -5.40, and -5.84 Kcal/mol, respectively. The amino acid residues of leucine 

515 (Leu), alanine (Ala), aspartic acid (Asp), phenylalanine (Phe), methionine (Met), 

516 threonine (Thr), asparagine (Asn), and arginine (Arg) were combined with the 

517 compounds in different bonding modes (conventional hydrogen bonding, pi-sigma, pi-

518 alkyl, alkyl, hydrocarbon bonding, pi-cation, pi-anion), and the combined 3D patterns 

519 were shown in Figures 6A-D. Due to the existence of direct double bonds between C4 

520 and C5 in Fr141241, more amino acid residues were bound to it through π bonds, 

521 resulting in the lowest binding energy. When the compound docked to NOX2 (PDB ID: 

522 2CDU),44 the binding energies of Fr141231, Fr141241, Fr141261 and Fr141262 to 

523 NOX2 were -6.36, -7.04, -6.54 and -6.65 Kcal/mol, respectively. Alanine (Ala), 

524 phenylalanine (Phe), serine (Ser), isoleucine (Ile), cysteine (Cys), glutamate (Glu), 



525 histidine (His), and valic acid (Val) amino acid residues as shown in Figure 6E-H, these 

526 amino acid residues and compounds were bound by conventional hydrogen bonds, pi-

527 alkyl, alkyl, carbon-hydrogen bonds, pi-sigma, pi-lone pair, and pi-sulfur. Comparing 

528 the amino acid residues binding to the compounds, we found that the amino acid 

529 residues around Fr141231, Fr141261 and Fr141262 were essentially the same, and it 

530 can be assumed that the three compounds act on NOX2 in the same domain. It is 

531 possible, that the double bond in the structure of Fr141241 has altered the distribution 

532 of the surrounding electron cloud, while the other three compounds do not have double 

533 bonds in the structure and the distribution of the surrounding electron cloud is similar, 

534 resulting in the amino acid residues bound to them also being similar. Figure 6I-L 

535 showed the binding modes of the four gingerols to NQO1 (PDB ID: 1H69).45 The amino 

536 acid residues on the NQO1 protein bind to the compounds via conventional hydrogen 

537 bonds, pi-alkyl, alkyl, pi-anion, and pi-sulfur with binding energies of -4.25, -5.01, -

538 4.44 and -3.56 Kcal/mol, respectively. In general, the binding energy is below -5 

539 Kcal/mol, and we assume that this compound has good binding ability to proteins.46 

540 Comparing the binding energies of the four gingerols with HO-1, NOX2 and NQO1, 

541 the binding energy of NOX2 protein was all below -6 Kcal/mol, which means good 

542 binding ability, while the binding energy of NQO1 protein was very high, which can 

543 be considered as general binding ability. During the actual effect, it may not have any 

544 effect on NQO1.

545 To test the reliability of the theoretical results of molecular docking, we performed 

546 western blot assays with these three proteins. From Figure 7, it can be seen that when 

547 L02 cells were damaged by H2O2, the expression levels of HO-1 and NOX2 were 

548 significantly lower in the model group compared with the control group. But the 

549 expression level of NQO1 hardly changed, and there was no significant difference. 



550 After the cells were treated with the isolated gingerols, Fr141241 and Fr141261 

551 significantly increased the expression of HO-1 (Figure 7A), whereas Fr141261 could 

552 significantly increase the expression of NOX2 (Figure 7B), and the NQO1 protein level 

553 basically showed no change (Figure 7C). When no methoxy group was present in the 

554 structure of gingerols, the antioxidant activity of the compound becomes stronger, and 

555 the presence of a double bond (Fr141241) and a carboxyl group (Fr141262) in the 

556 structure significantly increased the expression of HO-1 protein. Only when the C3 

557 carbonyl group was substituted (Fr141261), the expression of NOX2 was significantly 

558 increased, exerting the antioxidant capacity.

559 For the HO-1 protein, the molecular docking results were completely consistent 

560 with the results of the western blot experiment. The strongest antioxidant activity was 

561 Fr141241, followed by Fr141262, Fr141261 was the third, and Fr141231 had the worst 

562 activity. Molecular docking experiments showed that the binding energy of Fr141241 

563 to NOX2 protein was the lowest, followed by Fr141262, Fr141261 and Fr141231. The 

564 results of western blot experiments showed that Fr141261 could significantly increase 

565 the expression of NOX2 and had the best antioxidant activity. The two experimental 

566 results cannot be completely matched one-to-one. The molecular docking experiment 

567 predicts the binding ability with the target protein only theoretically and provides clues 

568 for biological verification. The final biological experimental results can prove the 

569 reliability of the molecular docking experiment. It is also worth mentioning that the 

570 results of DPPH assays at the chemical level showed that the antioxidant activity of 

571 Fr141262 was the strongest (lowest IC50 value), but the effect of Fr141262 at the 

572 cellular level was not the strongest, indicating that the results at the chemical level can 

573 be used as a reference, but there are many factors that affect the effect of the compound 

574 when actually used in cells or even in vivo, and the inconsistency with the chemical 



575 results is worth further exploration. Although there are differences, overall the 

576 antioxidant tendencies of the compounds are the same. Regarding NQO1 protein, the 

577 results of molecular docking experiments and western blot experiments showed that the 

578 four gingerols had no significant effect on NQO1, suggesting that NQO1 is not the 

579 potential target protein of the four gingerols to exert antioxidant activity. In-depth 

580 mechanistic experiments may rule out this protein. Thus, we can conclude that HO-1 

581 and NOX2 may be potential targets of gingerols in restoring oxidative damage. 

582 However, the detailed mechanism needs to be verified in detail by further knockdown 

583 experiments.



584 4. Conclusions

585 In this study, we used an integrated chromatographic approach to recognize, 

586 isolate, and purify the antioxidant gingerols from Dracocephalum heterophyllum. Four 

587 gingerols with purity higher than 95% were obtained, namely 5-methoxy-6-gingerol, 

588 6-shogaol, 6-paradol and diacetoxy-6-gingerol. To evaluate the antioxidant capacity of 

589 these compounds, we performed DPPH assays, cellular antioxidant experiments, 

590 molecular docking prediction experiments and western blot verification. It was finally 

591 concluded that these compounds have good antioxidant capacity. In addition, the 6-

592 shogaol (Fr141241) and diacetoxy-6-gingerol (Fr141262) could increase the expression 

593 of HO-1. The 6-paradol (Fr141261) can increase the expression of NOX2. It can be 

594 concluded that the isolated antioxidative gingerols are very likely to act on the two 

595 antioxidant enzymes HO-1 and NOX2 in the antioxidant process. The mechanism of 

596 action still needs to be explored in more in-depth experiments, but from what we know, 

597 the described technique lays the foundation for the extraction of antioxidants with good 

598 activity from various natural products.
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706 Figure Captions

707 Figure 1. D. heterophyllum extract separation chromatogram (A) with silica gel 

708 medium-pressure liquid chromatography system and the pretreatment chromatogram 

709 (B) of Fr1 from D. heterophyllum with MCI GEL®CHP20P medium pressure liquid 

710 chromatography. The on-line HPLC-DPPH activity screening profiles of Fr14 (C, D). 

711 The pretreatment chromatogram (E) of Fr14 with Diol medium pressure liquid 

712 chromatography. The on-line HPLC-DPPH activity screening profiles of Fr141 (F, G). 

713 The pretreatment chromatogram (H) of Fr141 with Spherical medium pressure liquid 

714 chromatography. 

715 Figure 2. Analytical chromatograms of fractions Fr141 (A) and Fr1412 (B). On-line 

716 HPLC-DPPH activity screening profiles of Fr1412 (C, D). Preparative chromatograms 

717 of Fr1412 (E). On-line HPLC-DPPH activity screening profiles of Fr14123, Fr14124 

718 and Fr14126 (F-K); Preparative chromatograms (L-N) of Fr14123, Fr14124 and 

719 Fr14126.

720 Figure 3. Purity and DPPH inhibitory activity verification chromatogram of the 

721 isolated Fr141231 (A, B), Fr141241 (C, D), Fr141261 (E, F), Fr141262 (G, H). 

722 Chemical structures of Fr141231 (I), Fr141241 (J), Fr141261 (K) and Fr141262 (L).

723 Figure 4. Effects of Fr141231, Fr141241, Fr141261 and Fr141262 on H2O2-induced 

724 L02 cells morphology.

725 Figure 5. Fr141231, Fr141241, Fr141261 and Fr141262 to DPPH free radical 

726 scavenging rate spectrum (A). Effects of Fr141231, Fr141241, Fr141261 and Fr141262 

727 on H2O2-induced L02 cells SOD activities and MDA contents (B). Effects of Fr141231, 

728 Fr141241, Fr141261 and Fr141262 on intracytoplasmic and mitochondrial ROS (C and 

729 D). #p < 0.05 and ##p < 0.01 in comparison to normal cells, *p < 0.05 and **p < 0.01 

730 in comparison to H2O2-induced cells. Duplicate samples were assessed in a minimum 



731 of three independent experiments.

732 Figure 6. Molecular docking analysis of HO-1, NOX2 and NQO1 binding to Fr141231, 

733 Fr141241, Fr141261 and Fr141261, respectively.

734 Figure 7. Effects of Fr141231, Fr141241, Fr141262 and Fr141262 on H2O2-induced 

735 L02 cells HO-1, NOX2 and NQO1 expression. #p < 0.05 and ##p < 0.01 in comparison 

736 to normal cells, *p < 0.05 and **p < 0.01 in comparison to H2O2-induced cells. 

737 Duplicate samples were assessed in a minimum of three independent experiments.



738 Table 1 Intermolecular interactions of isolated gingerols with HO-1, NOX2 and NQO1.

Compound
Binding Energy 

(Kcal/mol)
Ligand Interactions

HO-1

Fr141231 
(5-methoxy-6-gingerol) 

-5.63

LEU147 (Pi-Sigma, Pi-Alkyl, Alkyl); MET34 (Alkyl); PHE214 (Alkyl); ALA28 (Alkyl); ASN210 (Carbon Hydrogen Bond); ASP140 

(Conventional Hydrogen Bond, Carbon Hydrogen Bond, Pi-cation, Pi-Anion); ARG136 (Conventional Hydrogen Bond, Pi-cation, Pi-Anion), 

THR135 (Carbon Hydrogen Bond).

Fr141241
(6-shogaol) 

-6.08

PHE167 (Pi-Alkyl, Alkyl); PHE166 (Pi-Alkyl, Alkyl); LEU147 (Pi-Alkyl, Alkyl); ASP140 (Pi-Anion); ARG136 (Conventional Hydrogen 

Bond); MET34 (Pi-Sigma); LEU54 (Pi-Alkyl, Alkyl); VAL50 (Pi-Alkyl, Alkyl); ASN210 (Conventional Hydrogen Bond); PHE214 (Pi-

Alkyl, Alkyl, Pi-Pi T-shaped); LEU213 (Pi-Alkyl, Alkyl).

Fr141261
(6-paradol) 

-5.40
HIS25 (Conventional Hydrogen Bond, Pi-cation); ALA28 (Pi-Alkyl, Alkyl); MET34 (Pi-Alkyl, Alkyl, Pi-Sulfur); PHE214 (Pi-Alkyl, 

Alkyl); LEU213 (Pi-Alkyl, Alkyl); VAL50 (Pi-Alkyl, Alkyl); LEU54 (Pi-Alkyl, Alkyl).

Fr141262
(diacetoxy-6-gingerol)

-5.84
ARG136 (Conventional Hydrogen Bond); LEU54 (Pi-Alkyl, Alkyl); VAL50 (Pi-Alkyl, Alkyl); LEU147 (Pi-Alkyl, Alkyl); LEU146 (Pi-

Alkyl, Alkyl); GLN38 (Conventional Hydrogen Bond); MET34 (Pi-Sulfur); LEU213 (Pi-Alkyl, Alkyl); PHE214 (Pi-Alkyl, Alkyl).

NOX2

Fr141231 
(5-methoxy-6-gingerol) 

-6.36

ALA300 (Pi-Alkyl, Alkyl); LEU299 (Pi-Alkyl, Alkyl); PHE425 (Carbon Hydrogen Bond); PHE245 (Pi-Alkyl, Alkyl) SER41 (Carbon 

Hydrogen Bond); LYS134 (Pi-Alkyl, Alkyl); ILE160 (Pi-Alkyl, Alkyl); CYS133 (Pi-Alkyl, Alkyl); ILE44 (Conventional Hydrogen Bond, 

Pi-Alkyl, Alkyl); ALA45 (Conventional Hydrogen Bond).

Fr141241
(6-shogaol) 

-7.04 GLU250 (Conventional Hydrogen Bond); LEU251 (Conventional Hydrogen Bond, Alkyl, Pi-Sigma); VAL81 (Conventional Hydrogen 



Bond); MET33 (Alkyl).

Fr141261
(6-paradol) 

-6.54
ALA303 (Pi-Alkyl, Alkyl); SER41 (Pi-Lone Pair); LYS134 (Conventional Hydrogen Bond); CYS133 (Pi-Sulfur); ILE160 (Pi-Alkyl, Alkyl); 

ILE44 (Pi-Alkyl, Alkyl); ALA45 (Conventional Hydrogen Bond); GLU163 (Carbon Hydrogen Bond).

Fr141262
(diacetoxy-6-gingerol)

-6.65

ALA11 (Pi-Alkyl, Alkyl); ALA303 (Pi-Alkyl, Alkyl); HIS10 (Carbon Hydrogen Bond); LEU299 (Pi-Alkyl, Alkyl); ALA300 (Pi-Alkyl, 

Alkyl); PHE245 (Pi-Sigma); LYS134 (Conventional Hydrogen Bond) SER41 (Conventional Hydrogen Bond); ILE160 (Pi-Alkyl, Alkyl); 

GLU163 (Conventional Hydrogen Bond, Carbon Hydrogen Bond).

NQO1

Fr141231 
(5-methoxy-6-gingerol) 

-4.25
LYS270 (Pi-cation); ARG210 (Pi-cation); PRO186 (Conventional Hydrogen Bond); GLN187 (Conventional Hydrogen Bond); LEU188 

(Conventional Hydrogen Bond, Alkyl); ILE203 (Alkyl).

Fr141241
(6-shogaol) 

-5.01
ARG14 (Conventional Hydrogen Bond, Pi-Alkyl, Alkyl); ALA43 (Pi-Alkyl, Alkyl, Carbon Hydrogen Bond); MET44 (Pi-Alkyl, Alkyl); 

TYR19 (Pi-Alkyl, Alkyl); ASP40 (Conventional Hydrogen Bond, Pi-Anion).

Fr141261
(6-paradol) 

-4.44
ARG14 (Conventional Hydrogen Bond, Pi-Alkyl, Alkyl); ALA43 (Pi-Alkyl, Alkyl); MET44 (Pi-Alkyl, Alkyl, Pi-Sulfur); TYR19 (Pi-Alkyl, 

Alkyl); ASP40 (Pi-Anion).

Fr141262
(diacetoxy-6-gingerol)

-3.56
ARG14 (Conventional Hydrogen Bond, Pi-Alkyl, Alkyl); ALA43 (Pi-Alkyl, Alkyl); MET44 (Pi-Alkyl, Alkyl); TYR19 (Pi-Alkyl, Alkyl); 

LYS90 (Conventional Hydrogen Bond).

739


