
Binding A�nity Screening of Polyphenolic
Compounds in Stachys A�nis extract (SAE) for their
Potential Antioxidant and Anti- in�ammatory Effects
Hun Hwan Kim 

Gyeongsang National University
Se Hyo Jeong 

Gyeongsang National University
Min Yeong Park 

Gyeongsang National University
Pritam Bhangwan Bhosale 

Gyeongsang National University
Abuyaseer Abusaliya 

Gyeongsang National University
Sang Joon Lee 

Korea Institute of Toxicology
Jeong Doo Heo 

Korea Institute of Toxicology
Hyun Wook Kim 

Gyeongsang National University
Je Kyung Seong 

Seoul National University
Dong Il Kim 

Namhae Garlic Research Institute
Kwang Il Park 

Gyeongsang National University
Gon Sup Kim 

Gyeongsang National University

Article

Keywords: HPLC-MS/MS, phenolic compounds, DPPH, COX2, iNOS, molecular docking, NFκB, Stachys
A�nis

https://doi.org/10.21203/rs.3.rs-4089363/v1
https://doi.org/10.21203/rs.3.rs-4089363/v1


Posted Date: April 4th, 2024

DOI: https://doi.org/10.21203/rs.3.rs-4089363/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: No competing interests reported.

Version of Record: A version of this preprint was published at Scienti�c Reports on August 5th, 2024.
See the published version at https://doi.org/10.1038/s41598-024-68880-z.

https://doi.org/10.21203/rs.3.rs-4089363/v1
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/s41598-024-68880-z


Binding Affinity Screening of Polyphenolic Compounds in Stachys 1 

Affinis extract (SAE) for their Potential Antioxidant and Anti-2 

inflammatory Effects 3 

Hun Hwan Kim 1, Se Hyo Jeong 1, Min Yeong Park 1, Pritam Bhangwan Bhosale 1, 4 

Abuyaseer Abusaliya 1, Sang Joon Lee 2, Jeong Doo Heo 2, Hyun Wook Kim 3, Je Kyung 5 

Seong 4, Dong Il Kim 5, Kwang Il Park 1 and Gon Sup Kim 1, * 6 

 7 

1 Research Institute of Life Science and College of Veterinary Medicine, Gyeongsang National 8 

University, Jinju 52828, Republic of Korea 9 

2 Gyeongnam Department of Environment Toxicology and Chemistry, Biological Resources Research 10 

Group, Korea Institute of Toxicology, 17 Jegok-gil, Jinju 52834, Korea 11 

3 Division of Animal Bioscience & Intergrated Biotechnology, Jinju 52725, Republic of Korea 12 

4 Laboratory of Developmental Biology and Genomics, BK21 PLUS Program for Creative Veterinary 13 

Science Research, Research Institute for Veterinary Science, College of Veterinary Medicine, Seoul 14 

National University, Seoul 08826, Republic of Korea 15 

5 Namhae Garlic Research Institute, 2465–8 Namhaedaero, Namhae, Gyeongsangnam-do 52430, 16 

Republic of Korea, 17 

* Correspondence: Correspondence: gonskim@gnu.ac.kr; Tel.: +82)055-772-2346 18 

Abstract: Free radical is a marker in various inflammatory diseases. The antioxidant effect 19 

protects us from this damage, which also plays an essential role in preventing inflammation. 20 

Inflammation protects the body from biological stimuli, and pro-inflammatory mediators are 21 

negatively affected in the immune system. Inflammation caused by LPS is an endotoxin found 22 

in the outer membrane of Gram-negative bacteria, which induces immune cells to produce 23 

inflammatory cytokines such as cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase 24 

(iNOS). Based on this, the antioxidant and anti-inflammatory effects of plant extracts were 25 

investigated. First, the main phenolic compounds for the five peaks obtained from Stachys 26 

Affinis Extract (SAE) were identified. The antioxidant effect of each phenolic compound was 27 

confirmed through HPLC analysis before and after the competitive binding reaction between 28 

DPPH and the extract. Afterward, the anti-inflammatory effect of each phenolic compound was 29 

confirmed through competitive binding between COX2 and the extract in HPLC analysis. 30 

Lastly, the anti-inflammatory effect of SAE was confirmed through in vitro experiments and 31 

also confirmed in terms of structural binding through molecular docking. This study confirmed 32 

that phenolic compounds in SAE extract have potential antioxidant and anti-inflammatory 33 

effects, and may provide information for primary screening of medicinal plants. 34 

Keywords: HPLC-MS/MS; phenolic compounds; DPPH; COX2; iNOS; molecular docking; 35 

NFκB; Stachys Affinis 36 



Introduction 37 

Stachys affinis is a root plant of the Lamiaceae family, native to China and East Asia. It 38 

contains numerous phenolic compounds that activate brain function and prevent dementia [1, 39 

2]. It is also known as a preventive factor for fatty liver and has the effect of arteriosclerosis, 40 

and beneficial for colds, sore throat, bronchitis, and intestinal health [3]. Although research 41 

exists on the antioxidant and anti-inflammatory effects of Stachys affinis, antioxidant and anti-42 

inflammatory research on individual compounds in the plant is lacking [1]. An accurate 43 

screening of plant components is required to conduct related research. High-Performance 44 

Liquid Chromatography (HPLC) can be used to efficiently screen complex plant extracts such 45 

as Stachys affinis and rapidly analyze the components within the extract [4]. Especially, Liquid 46 

Chromatography–Mass Spectrometry (LC–MS) technology provides an analytical method for 47 

high sample throughput and is well suited for the analysis of complex system components in 48 

plant extracts at low concentrations [5]. This analysis can identify various phenolic compounds 49 

in various plant extracts [6]. 50 

Natural phenolic compounds, which are various secondary metabolites of plants, control 51 

oxidative stress and suppress inflammation [7]. Many scientists have tried to determine the 52 

antioxidant and anti-inflammatory effects of plant extracts rather than chemically synthesized 53 

drugs that have side effects. Most plant extracts are known to act as antioxidants, and they work 54 

to prevent this oxidation state by donating electrons and maintaining balance in the body by 55 

controlling free radicals [8, 9]. Increased oxidative stress is closely related to diseases such as 56 

inflammation [10]. Inflammatory diseases are related to many chronic diseases, including 57 

neurological diseases, heart disease, alcoholic hepatitis, diabetes, malignant tumors, and 58 

geriatric diseases [11]. 59 

In the inflammatory process, pro-inflammatory mediators such as cyclooxygenase-2 (COX-60 

2) and inducible nitric oxide synthase (iNOS) regulate inflammation [12]. COX is a protein 61 

that converts arachidonic acid into compounds such as thromboxane and prostaglandins [13]. 62 

The inflammatory response is mediated by COX-2, one of two cyclooxygenases [14]. iNOS is 63 

induced by inflammation, and when iNOS is activated, nitric oxide is released [15]. In 64 

particular, nitric oxide (NO) is an essential signaling molecule in the immune response and, as 65 

a retrograde neurotransmitter, is one of the prominent features of inflammation [16].  66 

Many studies, such as in vitro and biochemical analyses, are being conducted to confirm the 67 

antioxidant and anti-inflammatory effects of plant extracts. DPPH analysis is used to measure 68 

the antioxidant capacity of various ingredients. This analysis is performed using the 69 



stoichiometric method, which refers to the number of electrons or hydrogen atoms that can be 70 

donated to free radicals [17]. Additionally, DPPH analysis can measure the antioxidant capacity 71 

of bioactive compounds under various reaction conditions [18]. Some studies have been 72 

conducted to combine this DPPH analysis with HPLC to rapidly identify potential phenolic 73 

compounds affecting the antioxidant effect [19]. In addition, by using HPLC to identify phenol 74 

compounds that competitively react by binding COX2 to the extract, potential anti-75 

inflammatory properties compounds can be identified [19]. 76 

 Lastly, it is known that molecular docking may anticipate functional locations on the surface 77 

of protein molecules. The form of protein-ligand binding sites and structure-based drug design 78 

makes it an extensively utilized technique [20]. This analytical bioinformatics modeling is also 79 

used to predict the binding affinity of specific compounds with target proteins [21]. Therefore, 80 

in order to validate the molecular docking outcome, the structural bonding must be visually 81 

verified [22]. 82 

In this study, we screened potential phenolic compounds that can affect SAE's antioxidant 83 

and anti-inflammatory effects through the principle of binding specific compounds and 84 

enzymes. Afterward, the anti-inflammatory effect of the extract was confirmed in vitro. 85 

Through molecular docking, we identified the structural binding affinity of anti-inflammatory 86 

proteins with screened phenolic compounds. 87 

  88 



Results 89 

Separation and Characterization of Phenolic Compound in SAE 90 

Qualitative analysis of compounds in Stachys affinis extract (SAE) was performed through 91 

HPLC-MS/MS. Five major peaks were obtained from UV-vis spectra and HPLC retention 92 

times (Figure 1). The five phenolic compounds were identified 3-Indoleacrylic acid [23], 93 

Chlorogenic acid [24], Rutin [25], Kaempferol [26], and Astragalin [27]. In Table 1, the mass 94 

spectrometry of each compound was investigated using MS/MS data. It was based on 95 

fragmentation patterns generated from public sources for five compounds. The molecular ion 96 

peaks and mass patterns of the discovered phenols were compared with data already available 97 

in the literature [23-27]. Also these parameters of phenol were validated using published data 98 

[28]. The outcomes of predicting compound fragmentation using LC-MS/MS data are 99 

displayed in Figure 2. 100 

 101 

Figure 1. The HPLC chromatograms of the phenolic compounds in SAE. (A) The blue line 102 

is the original chromatogram of SAE phenolic compound, and the orange line is the 103 

chromatogram after the reaction with DPPH solution (B) Also the original chromatogram of 104 

SAE is blue, and the chromatogram following reaction with COX2 is orange peak. The detected 105 

compounds at the 284nm wavelength are 3-Indoleacrylic acid (1), Chlorogenic acid (2), Rutin 106 

(3), Kaempferol (4), and Astragalin (5). 107 

  108 



Table 1. HPLC-MS/MS data of phenolic compounds in SAE. 109 

 
Rt 

(min) 
Formula Compound UV max 

[M+H]

+ 
MS/MS References 

1 16.215 C11HNO2 
3-Indoleacrylic 

acid 
280, 220 188 

170 (C11H7NO) [M+H-H2O]+ 

143 (C10H8N
-) [M+H-COOH]+ 

118 (C8H7N) [M+H-COOH-C2H2]
+ 

[23] 

2 18.165 C16H18O9 
Chlorogenic 

acid 
325, 250 355 

181 (C9H8O4) [M+H-C7H10O5]
+ 

163 (C9H6O3) [M+H-C7H10O5-H2O]+ 

135 (C8H6O2) [M+H-C7H12O6-CO]+ 

[24] 

3 31.470 
C27H30O1

6 
Rutin 360, 260 611 

303 (C15H10O7) [M+H-C12H20O9]
+ 

259 (C14H10O5) [M+H-C12H20O9-CO2]
+ 

153 (C8H8O3) [M+H-C12H20O9-C7H2O4]
+ 

[25] 

4 34.646 C15H10O6 Kaempferol 365, 265 287 
181 (C8H4O5) [M+H-C7H6O]+ 

153 (C7H4O4) [M+H-C7H4O4-CO]+ 
[26] 

5 37.275 
C21H20O1

1 
Astragalin 350, 265 449 

287 (C15H10O6) [M+H-C6H10O5]
+ 

153 (C8H8O3) [M+H-C6H10O5-C7H2O3]
+ 

[27] 

Rt: retention time. 110 

111 



 112 

Figure 2. Fragmentation scheme of the phenolic compounds in SAE. 113 
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Screening for Potential Antioxidant Phenolic Compounds in SAE 115 

The peak area values of the five selected compounds and their change rates before and after 116 

DPPH reaction are shown in Table 2. First, looking at the change in peak area value, the order 117 

was Rutin (214.27), 3-Indoleacrylic acid (211.67), Chlorogenic acid (199.67), Kaempferol 118 

(21.03), and Astragalin (7.67). However, the relative area change rate was highest for 3-119 

indoleacrylic acid at 25.93%, followed by chlorogenic acid (23.25%) and rutin (6.87%). 120 

Therefore, by comprehensively examining the absolute area value difference and change rate 121 

before and after the DPPH reaction, 3-Indole acrylic acid and chlorogenic acid were screened 122 

as compounds that bind to DPPH and are significantly responsible for its antioxidant activity. 123 

From this result, the potential antioxidant ability of each phenolic compound contained in the 124 

SAE extract was evaluated. 125 

Table 2. Potential antioxidant effects of Phenolic compounds screening in SAE. 126 

Peak  

No. 

Phenolic 

Compound 
Initial Area 

Area after DPPH 

Reaction 

Reactive Area  

(%) 

1 3-Indoleacrylic acid 816.43 ± 3.92C 604.77 ± 5.58C 
211.67 ± 2.15A 

(25.93 ± 0.36)A 

2 Chlorogenic acid 858.80 ± 6.42B 659.13 ± 2.91B 
199.67 ± 4.99A 

(23.25 ± 0.43)B 

3 Rutin 3118.57 ± 32.15A 2904.30 ± 34.01A 
214.27 ± 11.22A 

(6.87 ± 0.37)C 

4 Kaempferol 348.27 ± 5.29E 327.23 ± 2.65E 
21.03 ± 3.15B 

(6.03 ± 0.83)C 

5 Astragalin 539.23 ± 3.21D 531.57 ± 1.80D 
7.67 ± 2.06B 

(1.42 ± 0.37)D 

All values are mean ± SD (n = 3). A–E means with different superscripts in the same column are 127 

significantly different at p < 0.05 by Tukey’s HSD tests. Also tested on the same column based 128 

on superscript A. 129 

Screening for Potential Anti-Inflammatory Phenolic Compounds in SAE. 130 

The peak area values and rate of change of five selected compounds among the extracts 131 

bound to activated or deactivated COX2 are shown in Table 3. First, the peak area values are 132 

in the following order: Rutin (854), Chlorogenic acid (352), 3-Indoleacrylic acid (253), 133 



Astragalin (93.67), and Kaempferol (35). However, the relative peak area change rate is 3-134 

Indoleacrylic acid (9.88), Chlorogenic acid (9.66%), and Rutin (6.52%). What is noteworthy is 135 

that the change value of Astragalin was 93.67, but the change rate was quite high at 4.31%. As 136 

a result, looking at the difference in peak area change value and change rate according to COX2 137 

binding, it can be confirmed that 3-indole acrylic acid and chlorogenic acid among the phenolic 138 

components of the extract will play an important role in COX2-related anti-inflammatory 139 

action. 140 

Table 3. Potential anti-inflammation effects of phenolic compounds screening in SAE. 141 

Peak  

No. 

Phenolic 

Compound 

With Active  

COX-2 Area 

With Inactive 

COX-2 Area  

Area Reacted with COX-

2 

 (%) 

1 3-Indoleacrylic acid 2560.33 ± 51.05C 2307.33 ± 41.86C 
253 ± 12.29B 

(9.88 ± 0.35)A 

2 Chlorogenic acid 3643 ± 15.52B 3291.00 ± 35.76B 
352 ± 20.66B 

(9.66 ± 0.61)A 

3 Rutin 13097.33 ± 20.31A 12243.33 ± 150A 
854 ± 131.84A 

(6.52 ± 1.02)B 

4 Kaempferol 1516.33 ± 9.61E 1484.33 ± 17.62E 
35 ± 8.72C 

(2.11 ± 0.59)C 

5 Astragalin 2174.67 ± 8.33D 2081 ± 14.80D 
93.67 ± 10.02C 

(4.31 ± 0.47)C 

All values are mean ± SD (n = 3). A–E Means with different superscripts in the same column 142 

are significantly different at p < 0.05 by Tukey’s HSD tests. Also tested on the same column 143 

based on superscript A. 144 

Anti-inflammatory Effects of SAE 145 

Phenolic compounds with potential antioxidant and anti-inflammatory effects were screened 146 

in SAE. This screening provides conditions under which the phenolic compounds in the extract 147 

may be effective in antioxidant and anti-inflammatory properties. Additionally, it is necessary 148 

to confirm the anti-inflammatory effects of the extract in vitro condition. Therefore, in vitro 149 

experiments were conducted by treating SAE. 150 



Cytotoxicity of SAE on RAW264.7 Cells 151 

The 3-(3,4-dimethyl-thiazolyl-2)-2,5-diphenyl tetrazolium bromide (MTT) assay was 152 

carried out in RAW264.7 cells to verify the cytotoxicity of the extract (Figure 3A and B). With 153 

or without 1 µg/mL of LPS, the SAE treated RAW 264.7 cells at concentrations of (10, 25, 50, 154 

75, 100, and 250 ng/mL) for 24 h. In Figure 3A, the SAE concentration had no significant 155 

cytotoxicity through cell viability up to 75 ng/mL, and in Figure 3B, the concentration (20 and 156 

50 ng/mL) was set.  157 

Inhibition of COX-2 and iNOS Expression by SAE in LPS-Induced RAW264.7 Cells  158 

The iNOS increases in NO production, and it has been suggested that iNOS inhibition may 159 

be a successful anti-inflammatory strategy. Additionally, numerous inflammatory cytokines are 160 

produced by COX2, which has been implicated in the development of chronic inflammatory 161 

diseases [2]. Therefore, the downregulation of iNOS and COX2 plays an important role in 162 

suppressing inflammation. 163 

In RAW 264.7 cells inflammation induced by LPS, SAE treatment dose-dependently 164 

inhibited iNOS and COX2 (Figure 3C and D). These results indicated that SAE suppresses 165 

LPS-mediated inflammation by downregulating inflammation-related marker COX2 and 166 

iNOS.  167 

 168 

Figure 3. Cytotoxicity effect of SAE on RAW264.7 cells and the inhibition of inflammatory 169 

marker in LPS inflammation-induced RAW264.7 cells. RAW264.7 cells were pretreated 170 

without or with LPS (1µg/ml) for 1 h at 37˚C. Following that, cells were treated with SAE (0, 171 

10, 25, 50, 75, 100, 250 ng/ml) for 24 h at 37˚C. (A) Cytotoxicity effect of SAE on without 172 



LPS induced RAW264.7 cells. (B) SAE on LPS induced cell viability in RAW264.7 cells. The 173 

RAW264.7 cells were treated with SAE (25, and 50 ng/ml) at indicated concentration for 24 h. 174 

COX2 and iNOS levels were quantified. (C) The relative area of COX2 and (D) the relative 175 

area of iNOS. Results from three independent experiments were expressed as mean ± standard 176 

error of the mean (SEM) compared with control. ### p < 0.001 vs. untreated group; * p < 0.05 ** 
177 

p < 0.01, *** p < 0.001 vs. LPS treated group. 178 

NO and PGE2 inhibition of SAE in LPS induced RAW264.7 Cells  179 

As a result of treating SAE in LPS-induced RAW264.7 cells, it can be confirmed that NO 180 

production is suppressed (Figure 4A). These results showed that NO (Nitric Oxide) was 181 

significantly increased when RAW264.7 cells were treated with LPS, and NO was significantly 182 

decreased in a dose-dependent manner when treated with SAE. Therefore, SAE plays an 183 

important role in mediating inflammation by downregulating NO and suppresses the early 184 

inflammatory response. RAW264.7 cells were treated with LPS to induce an increase in PGE2 185 

and then treated with SAE in a dose-dependent manner, resulting in a significant decrease in 186 

PGE2 (Figure 4B). Figure 3C shows that SAE causes a significant decrease in COX2, 187 

predicting a decrease in PGE2. Accordingly, a decrease in PGE2, an inflammatory mediator, 188 

was also confirmed. 189 

 190 

Figure 4. NO assay and PGE2 released from RAW264.7 cells (A) Effect of SAE on LPS-191 

induced NO from RAW264.7 cells. (B) Expression of PGE2 from LPS-induced RAW264.7 192 

cells. Comparison with only LPS *p < 0.05, *** p < 0.001. Comparison with SAE and LPS-193 

treated ### p < 0.001. 194 

ROS production effect of SAE 195 

ROS is a production of cellular metabolism, and upon LPS treatment, RAW264.7 cells 196 

generate ROS causing oxidative stress and cell damage [29]. Therefore, ROS was induced 197 

through LPS in this study, and the ROS inhibition effect of the extract was confirmed. RAW 198 



264.7 cells were treated with LPS for 24 hours to induce ROS production, and SAE was treated 199 

in a dose-dependent manner. Figure 5 shows that SAE treated at 50ng/ml significantly reduced 200 

the level of ROS induced by LPS. In addition, RAW264.7 cells induced by LPS were treated 201 

with SAE in a concentration-dependent manner, and the intensity of ROS was confirmed 202 

through fluorescence cell imaging through staining (Figure 5A). In Figure 5B, it was confirmed 203 

that ROS increased in the LPS-treated group and that ROS decreased in a dose-dependent 204 

manner when treated with the extract. 205 

 206 

Figure 5. ROS production of SAE on RAW264.7 cells. RAW264.7 cells were pretreated 207 

without or with LPS (1µg/ml) for 1 h at 37˚C. Following that, cells were treated with SAE (0, 208 

25, and 50ng/ml) for 24 h at 37˚C. (A) ROS detection of SAE on LPS induced RAW264.7 209 

cells. (B) Quantitative analysis of ROS production of SAE on LPS induced RAW264.7 cells. 210 

Results from three independent experiments were expressed as mean ± standard error of the 211 

mean (SEM) compared with control. ## p < 0.01 vs. untreated group; ** p < 0.01 vs. LPS treated 212 

group. 213 
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Molecular Docking of selected phenolic compounds with NF-κB 215 

The structural affinity binding of selected phenolic compounds in SAE with NF-κB was 216 

analyzed through molecular docking (Figure 6). Among the five phenolic compounds obtained 217 

from the identification of phenolic compounds from SAE, the two compounds (3-Indoleacrylic 218 

acid and Chlorogenic acid) that bind highly to DPPH and COX2 and one compound 219 

(Astragalin) that bind low were selected. Molecular docking of three compounds was 220 

performed through the UCSF Chimera program and AutoDock Vina. The binding active sites 221 

of 3-Indoleacrylic acid and NF-κB are (GLU184, ARG232, HIS183, LEU236, CYS149, and 222 

TYR227), and the docking energy score is -6.5 kcal/mol. The binding sites for Chlorogenic 223 

acid and NF-κB are (TYR227, ARG237, PHE146, LEU236, ARG239, ASN240, and GLU233), 224 

and the docking energy score was the highest at -6.8 kcal/mol. The binding score of astragalin 225 

was measured to be -5.8 kcal/mol and the binding sites were (HIS187, ZN401, TYR227 and 226 

ASP194) (Table 4).  227 

In the previous COX2 binding results (Tables 3), Astragalin was a compound with a 228 

relatively low binding reaction. However, Chlorogenic acid and 3-indoleacrylic acid are 229 

compounds that showed a high significantly competitive binding reaction with COX2. 230 

Therefore, it can be predicted that Chlorogenic acid and 3-Indoleacrylic acid will be higher 231 

than Astragalin in molecular docking scores. As expected, Table 4 shows that the scores of 232 

chlorogenic acid and 3-indole acrylic acid were relatively higher compared to astragalin. This 233 

result shows that there is a significant correlation between the molecular docking results and 234 

the competitive reactivity. 235 



 236 

Figure 6. Molecular docking analysis of NF-кB and phenolic compounds in SAE. The (A) 237 

3-Indoleacrylic acid, (B) Chlorogenic acid, and (C) Astragalin were binding with NF-кB 238 

protein structure. 239 

Table 4. Molecular docking of 3-Indoleacrylic acid, Chlorogenic acid, and Astragalin with NF-240 

кB complex and their binding energy. 241 

Binding Ligand Amino Acid Residue that Interacts Docking Score 

3-Indoleacrylic acid 
GLU184, ARG232, HIS183, LEU236, CYS149, 

TYR227 
- 6.5 kcal/mol 

Chlorogenic acid 
TYR227, ARG237, PHE146, LEU236, ARG239, 

ASN240, GLU233 
- 6.8 kcal/mol 

Astragalin HIS187, ZN401, TYR227, ASP194 - 5.8 kcal/mol 

Molecular Docking of selected phenolic compounds with COX2 and iNOS 242 

COX-2 (Cyclooxygenase-2) and iNOS (Inducible Nitric Oxide Synthase), which play a 243 

mediating role in the inflammatory process, have been studied as direct indicators of 244 

inflammation, and research combining molecular docking is actively in progress [30]. 245 

Therefore, molecular docking of COX2 and the screened phenolic compounds was performed 246 

in this study (Figure 7). In the molecular docking of 3-Indoleacrylic acid and COX2, the 247 

binding score was -7.6 kcal/mol and the binding sites were LEU352, SER353, HIS90, VAL349, 248 



and TRP387. The binding score with chlorogenic acid and COX2 is the highest, -8.6 kcal/mol, 249 

and has binding sites for ARG469, ASN34, CYS36, CYS41, GLU465, GLY45, and PRO153. 250 

Astragalin had the lowest binding score of -6.9 kcal/mol, and its binding sites were THR212, 251 

HIS214, HIS386, HIS207, and VAL291 (Table 5).  252 

Through additional docking analysis, we confirmed the structural binding of the three 253 

compounds to iNOS, another inflammatory marker (Figure 8). As a result of docking with 254 

iNOS, the binding scores for Chlorogenic acid (ALA191, ARG193, GLU371, TYR483, 255 

MET349) were - 7.7 kcal/mol and 3-Indoleacrylic acid (ALA191, ARG193, PRO192, TRP188, 256 

TRP457, TYR485, LEU119, MET349) were - 7.4 kcal/mol. Astragalin (ASP376, GLU371, 257 

GLN257, TRP84, TRP457, MET114) showed a relatively low structure binding score of -6.8 258 

kcal/mol (Table 6).  259 

In addition, it was confirmed that the screened phenolic compound was a component 260 

responsible for the anti-inflammatory effect in terms of structural binding of COX2 and iNOS 261 

docking. All three compounds screened for molecular docking contributed to anti-262 

inflammatory effects but showed a significant correlation with previous peak area change 263 

results. In other words, it can be seen that the binding point energy of Chlorogenic acid and 3-264 

indoleacrylic acid, which are the most reacted compounds in the COX2 binding HPLC results, 265 

is relatively high. 266 

 267 

 268 



Figure 7. Molecular docking analysis of COX2 and phenolic compounds in SAE. The (A) 269 

3-Indoleacrylic acid, (B) Chlorogenic acid, and (C) Astragalin were binding with COX2 protein 270 

structure. 271 

Table 5. Molecular docking of 3-Indoleacrylic acid, Chlorogenic acid, and Astragalin with 272 

COX2 complex and their binding energy. 273 

Binding Ligand Amino Acid Residue that Interacts Docking Score 

3-Indoleacrylic acid LEU352, SER353, HIS90, VAL349, TRP387 - 7.6 kcal/mol 

Chlorogenic acid 
ARG469, ASN34, CYS36, CYS41, GLU465, 

GLY45, PRO153 
- 8.6 kcal/mol 

Astragalin THR212, HIS214, HIS386, HIS207, VAL291 - 6.9 kcal/mol 

 274 

Figure 8. Molecular docking analysis of iNOS and phenolic compounds in SAE. The (A) 275 

3-Indoleacrylic acid, (B) Chlorogenic acid, and (C) Astragalin were binding with iNOS protein 276 

structure. 277 

Table 6. Molecular docking of 3-Indoleacrylic acid, Chlorogenic acid, and Astragalin with 278 

iNOS complex and their binding energy. 279 

Binding Ligand Amino Acid Residue that Interacts Docking Score 



3-Indoleacrylic acid 
ALA191, ARG193, PRO192, TRP188, TRP457, 

TYR485, LEU119, MET349 
- 7.4 kcal/mol 

Chlorogenic acid ALA191, ARG193, GLU371, TYR483, MET349 - 7.7kcal/mol 

Astragalin 
ASP376, GLU371, GLN257, TRP84, TRP457, 

MET114 
- 6.8 kcal/mol 

Discussion 280 

This study screened SAE, a Stachys Affinis plant extract, for phenolic compounds with 281 

antioxidant and anti-inflammatory potential. In the existing literature, many results confirm the 282 

antioxidant and anti-inflammatory effects of the extract itself using these extracts [1]. However, 283 

in this study, the potential antioxidant and anti-inflammatory activities of each phenolic 284 

compound in the extract were confirmed through HPLC, and peaks with significantly high 285 

activity were identified. 286 

Radical scavenging activity assay using DPPH (2,2-Diphenyl-1-picrylhdrazyl) reagent is 287 

mainly used to investigate the antioxidant effect of natural products. 2,2-diphenyl-1-288 

picrylhydrazyl (DPPH) is a reagent used to measure plant extracts or foods [31]. The DPPH 289 

analysis of the extract itself is a method that utilizes the scavenging ability of free radicals, so 290 

it is difficult to relate it to biological reactions. Furthermore, it has the disadvantage of requiring 291 

a constant calculation including the reaction rate and a process of normalization to the ascorbic 292 

acid concentration [32]. We performed the DPPH and HPLC combined analysis to screen the 293 

potential antioxidant capacity of five selected phenolic compounds from SAE. The antioxidant 294 

activity of each compound was evaluated through the peak area change value of the extract 295 

combined with DPPH using HPLC [19]. 296 

Prostaglandins are hormone-like actions that are formed from arachidonic acid during damage 297 

or infection in the body and play an important role in the inflammatory response. In this 298 

process, the COX2 enzyme is involved in the conversion of prostaglandins from arachidonic 299 

acid, and many anti-inflammatory studies are being conducted targeting COX2 [33]. HPLC 300 

analysis was performed by combining the extract with the COX2 enzyme to confirm the anti-301 

inflammatory effect of the five phenolic compounds selected in SAE. The COX2 enzyme in 302 

the control group was inactivated by heating. In the experimental group, activated COX2 was 303 

reacted with the extract. By analyzing the change area values of the two HPLC peaks, the 304 

difference in the response area values of the phenolic compounds of each peak was confirmed. 305 



In addition, to confirm additional anti-inflammatory activity, we treated normal cells to 306 

confirm the direct anti-inflammatory effect of the extract. However, future studies combining 307 

in vitro digestion and cellular models are needed to demonstrate the direct effects of these 308 

phenolic forms in vivo 309 

Additionally, this study was conducted by targeting the transcription factor NF-κB through 310 

molecular docking. Molecular docking aims to predict the binding affinity of a ligand to a 311 

receptor protein [34]. Molecular docking is largely accomplished through two steps. First, the 312 

protein's active site and the ligand's predicted binding site are modeled with shape and chemical 313 

characteristics, and then binding affinity is indicated through two scoring functions: extended 314 

force-field-based scoring function and knowledge-based scoring functions [35]. 315 

Inflammation caused by LPS stimulation then binds to Toll-like receptors, leading to the 316 

expression of COX2 and iNOS, downstream through the NF-κB pathway [36]. Based on this 317 

pathway, the NF-κB protein was selected as the target receptor for LPS-induced inflammation 318 

in RAW 264.7 cells. Additionally, an anti-inflammatory in vitro study was conducted using a 319 

model in which inflammation was induced by treating normal RAW264.7 cells with LPS, and 320 

in this regard, the NF-κB transcription factor acts as a key regulator [36]. However, NF-κB 321 

controls a wide range of biological mechanisms beyond inflammation. Therefore, docking data 322 

with relevant molecules that show direct inflammatory functions is considered important. 323 

Therefore, it is essential to confirm the molecular association of each screened phenolic 324 

compound by targeting COX2 and iNOS, which are anti-inflammatory markers. 325 

Currently, various synthetically derived anti-inflammatory drugs are used, but side effects still 326 

exist compared to natural agents [37]. In particular, famous anti-inflammatory drugs such as 327 

non-steroidal anti-inflammatory drugs (NSAIDs) exhibit anti-inflammatory effects by 328 

inhibiting COX action, but these also have side effects such as gastrointestinal bleeding [38]. 329 

Through this study, compounds attributable to various anti-inflammatory effects were screened 330 

in SAE extracts, which can later be compared with various existing chemical anti-inflammatory 331 

agents to confirm their relative efficacy. 332 

Lastly, screening each compound identified in the extract through these results is significant 333 

because it can be used in various industrial fields. There is a limitation in that it is difficult to 334 

explain the exact action based on the effect of the entire natural extract. However, which 335 

characterization of each compound in the natural extracts through screening methods such as 336 

this study, can contribute to many food and pharmaceutical industries. 337 

  338 



Material and method 339 

Plant Materials 340 

Nationally designated research data Animal Bio Resources Bank (http://www.abrb.or.kr) 341 

provided Stachys affinis (Code number: 00286A) was used in the experiment. The plant 342 

material for this study was grown by a professional farm in Jirisan, Gyeongsangnam-do, and a 343 

code number is assigned after the Animal Bio Resources Bank professional identification 344 

manager completes the identification of the plant material. It was later stored in the herbarium 345 

for distribution and research purposes. Animal Bio Resources Bank is a nationally designated 346 

research data bank with optimal storage conditions for storing and distributing research data. 347 

The use of plant materials was approved after receiving permission from Bank President, Gon 348 

Sup Kim. Lastly, all experiment complied with relevant institutional, national, and international 349 

guidelines and legislation. 350 

After receiving the plant material, and being rinsed with water, the plant was chopped and 351 

dried for 72 h in a 56°C dry oven. It was then stored in sealed polyethylene bags containing 352 

silica gel at -20°C until use. 353 

Reagents, Chemicals and Standards 354 

The DPPH (2,2-Diphenyl-1-picrylhdrazyl) reagent and recombinant human COX-355 

2(Cyclooxiganase2) were purchased Sigma-Aldrich Corp (St. Louis, MO, USA. cas no. 1898-356 

66-4). A centrifugal ultrafiltration filter (YM-30) with a capacity of 30 kDa (Millipore Co., Ltd) 357 

was purchased. All other chemicals and solvents utilized were of analytical grade and 358 

purchased from Duksan Pure Chemical Co. Ltd. (Dongdaemun-gu, Seoul, Korea). Dulbecco’s 359 

modified Eagle’s medium (DMEM), fetal bovine serum (FBS), phosphate-buffered saline 360 

(PBS), and antibiotics penicillin/streptomycin (P/S) were purchased from Gibco (BRL Life 361 

Technologies, Grand Island, NY, USA). Antibodies to COX-2 (cat. no. 12282S), iNOS (cat. no. 362 

13120S), and β-actin (cat. no. 3700S) were purchased from Cell Signaling Technology 363 

(Danvers, MA, USA). Horseradish peroxidase (HRP)-conjugated secondary antibodies to 364 

antirabbit (cat. no. A120-101P) and antimouse (cat. no. A90-116P) were obtained from Bethyl 365 

Laboratories, Inc. (Montgomery, AL, USA). 366 

Extraction and purification of SAE phenolic compounds 367 

Stachys affinis was used to separate phenolic compounds from plants by the modified 368 

method [39]. Stachys affinis (162g) was extracted with 4L of 70% ethanol for 4 days. Filter 369 

http://www.abrb.or.kr/


paper was used to separate the mixture (Whatman qualitative No. 6). The mixture was 370 

concentrated to 500 mL at reduced pressure and 45 °C using a rotary evaporator (N-1110, 371 

Eyela, Tokyo, Japan). The concentrate was washed three times with 500 mL of hexane to get 372 

rid of fatty particles. To separate the phenol component from the remaining filtrate, it was 373 

extracted three times with 250 mL of ethyl acetate. MgSO4 was used first to dehydrate the 374 

residue. Then silica gel solvent (40 cm 2.5 cm) and ethyl acetate were used to elute the residue 375 

and eliminate any highly polar constituents. Under lower pressure, the solvent was condensed 376 

to produce a mixed phenolic powder and stored at -70 °C (10.2g, 6.3% of raw material dried 377 

plants). 378 

HPLC and LC-MS/MS 379 

As an HPLC sample, the extracted powder was diluted in 70% ethanol to a concentration of 380 

1000 µg/mL. LC-MS/MS were carried out using 1260 series HPLC system (Agilent 381 

Technologies, Inc., California, USA) and Ultra Quadrupole Time of flight LC/MS/MS System 382 

(X500R) in positive ion mode. The DW and acetonitrile (ACN) with 0.1% formic acid were 383 

used as the solvents, and the gradient system was configured to flow at 0.5 ml/min. Prontosil 384 

C18 column (Phenomenex Co., Ltd. California, USA, length: 250 mm, inner diameter: 4.6 mm, 385 

particle size: 5 µm) was used. The analysis condition was a wavelength of 284 nm and 386 

temperature of 35 ºC. The flow conditions in the mobile phase were acetonitrile concentrations 387 

of 0-10 min at 10-15%, 10-20 min at 20%, 30-40 min at 40%, 40-50 min at 70%, and 50-60 388 

min at 95% At 95%, 60-70 minutes.  389 

DPPH Binding HPLC Study to Determine Antioxidant Activity 390 

The potential antioxidant of phenolic compounds in SAE was investigated using a modified 391 

method [19]. The reaction of the extract (5000 µg/mL / 70% ethanol) was mixed with 0.2 392 

mg/mL DPPH reagent in a 1:1 (v:v) ratio and proceeded for 15 minutes at room temperature. 393 

Prior to HPLC analysis, the mixture was filtered through a 0.45 m filter, and methanol was 394 

employed as a control in place of the DPPH reagent. By contrasting the chromatographic peak 395 

region that underwent the DPPH reaction, the phenolic compounds that had reacted with the 396 

enzyme could be determined. This allows for the identification of primary antioxidant 397 

compounds in SAE. 398 

Potential Anti-inflammatory Activity of Phenolic Compounds through UF-HPLC and 399 

COX2 Reaction 400 



The potential anti-inflammatory of phenolic compounds in SAE was investigated by a 401 

modified technique [40]. React 100ul of extract and 20ul of COX2 (2U) in a water bath at 37°C 402 

for 30 minutes. Inactivated COX2 was used in the control group, and activated COX2 was used 403 

in the experimental group. Centrifuge the combined solution at 10,000 rpm for 10 min at room 404 

temperature using 30 kd cutoff ultrafiltration (YM-30). Compounds that did not bind to COX2 405 

were down through the filter and were removed. Afterwards, the filtrate remaining was washed 406 

three times with 200ul NE buffer (pH 7.9) for optimal enzyme activity. The remaining material 407 

was dissolved in 80% ACN for 10 minutes and then centrifuged 3 times. The components 408 

dissolved in ACN were recovered and analyzed through HPLC. 409 

Measurement of Anti-Inflammatory Effects 410 

Cell Culture and Viability Assay 411 

The American Type Culture Collection (ATCC) provided the macrophage RAW264.7 cells. 412 

The cells were grown in full DMEM with 10% FBS, 100 U/mL penicillin, and 100 µg/mL 413 

streptomycin (P/S) and then incubated in a humid environment with 5% CO2 at 37°C. In 96-414 

well plates, RAW264.7 cells were seeded for 12h at a density of 1×104 cells per well. Following 415 

this, the cells were exposed to SAE for 24 h at doses of 0, 10, 25, 50, 75, 100, and 250 ng/mL, 416 

either with or without 1 µg/mL of LPS (Sigma-Aldrich, Merck KGaA, Burlington, USA). The 417 

experiment was conducted in the LPS group as a positive control. SAE was dissolved in DMSO 418 

(negative control) and treated in a dose-dependent manner. The cells were grown for 4 h at 37 419 

°C after each well treated 10 µL of MTT solution (5 mg/mL, dissolved in PBS). The insoluble 420 

crystals of formazan were dissolved using DMSO. Each sample was analyed in triplicate, and 421 

a microplate reader (BioTek, Winooski, VT, USA) was used to read the absorbance (OD) value 422 

of each well at 450 nm. 423 

Nitric Oxide (NO) Assay 424 

RAW264.7 cells were seeded at 1 × 104 cells, treated with or without LPS (1μg/mL), and 425 

cultured at 37 degrees for 1 h. Subsequently, the cells were treated with SAE (0, 10, 25, 50, 75, 426 

100, and 250 ng/mL) and cultured for 24 h. After that, 100 ul of supernatant was analyzed with 427 

a NO Plus detection kit (Intron Biotechnology, Gyeonggi, Republic of Korea); Cat. No. 21023). 428 

50 ul of N1 and N2 buffers were added in accordance with the manufacturer's instructions, and 429 

a Multiskan FC microplate reader (Thermo Scientific, Rockford, IL, USA) was used to measure 430 



the results at 520 nm. Each group's NO concentration was measured using a standard, and 431 

standard sodium nitrite was utilized to create the curve. 432 

Prostaglandin E2 (PGE2) Enzyme-Linked Immunoassay (ELISA) 433 

RAW264.7 cells were seeded at 5 × 104 cells in a 24-well plate, pre-treated with or without 434 

LPS (1μg/mL), and cultured at 37 degrees for 1 h. After that, the cells were treated with SAE 435 

(25 and 50 ng/mL) and cultured for 24 h. To measure PGE2, a total of 100 μL of supernatant 436 

was used. PGE2 levels were measured using the PGE2 ELISA kit (Cat. No. ADI-900-001; Enzo 437 

Life Sciences, Inc., New York, NY, USA) according to the manufacturer's guidance. An 438 

immunoassay using a 4-parameter logistic curve fitting algorithm was used to handle the data. 439 

Western blot Analysis 440 

RAW264.7 cells were seeded into 60mm plates at a density of 1×106 cells per well and 441 

treated with LPS 1 μg/mL for 24 at 37 ºC incubator for positive control. Next, treatment groups 442 

were treated with 25 and 50 ng/mL SAE. The incubated cells were lysed using 443 

radioimmunoprecipitation assay (RIPA) buffer (iNtRON Biotechnology in Gyeonggi, Korea) 444 

which contains a protease inhibitor cocktail and a phosphatase inhibitor (Thermo Fisher 445 

Scientific in Waltham, Massachusetts, USA). By the protocol provided from the manufacturer, 446 

the bicinchoninic acid (BCA) assay (Thermo Fisher Scientific, Waltham, MA, USA) was 447 

performed to determine the protein quantification of the sample. The equal amounts of protein 448 

(10μg) were separated using 10–15% Sodium Dodecyl Sulfate-Polyacrylamide Gel 449 

Electrophoresis (SDS PAGE). A semi-dry conveying system (JP/WSE-4040 HorizeBLOT 4M-450 

R WSE-4045, Atto Corp., Tokyo, Japan), was used to transfer the created polyacrylamide gels 451 

to polyvinylidene fluoride (PVDF) membranes. Then the PVDF were blocked by 452 

EzBlockChemi (ATTO Blotting System, Tokyo, Japan) for 2 h at room temperature. In a 453 

subsequent step, membranes were treated with a 1:1000 diluted primary antibody overnight at 454 

4 oC. The membranes were washed 15 times for 2 h with Tween 20 (TBS-T, pH7.4), incubated 455 

with 1:5000 diluted anti-rabbit and anti-mouse for 3h at room temperature. The membranes 456 

were then washed using TBS-T 10 times for 2h. The proteins were detected by the ChemiDoc 457 

imaging system (Version 6.0, Bio-Rad Laboratories, Inc., California, USA) and processed 458 

using the Image Lab 4.1 (Bio-Rad) application. Detected using a buffer for enhanced 459 

chemiluminescence (ECL) (Bio-Rad, Hercules, CA, USA). The protein β-actin served as the 460 



loading control, blots were quantified by using Image J software from the National Institutes 461 

of Health. 462 

 463 

Measurement of intracellular ROS production 464 

RAW264.7 cells were seeded at 1×104 and 5×104 in a 96well black plate and 12-well plate, 465 

respectively, and treated with or without LPS 1 μg/mL for 24 at 37 ºC incubator to measure 466 

intracellular ROS production. Afterward, it was measured using the Total ROS detection kit 467 

(Enzo Life Sciences, NY) according to the manufacturer's instructions. ROS-generated cells 468 

were stained using the kit and measured using a fluorescence plate reader (Bio Tek, Epoch, VT, 469 

USA) with fluorescence filter settings (Ex/Em: 480nm/530nm), followed by cell imaging 470 

multi-board reader (Bio Tek, Cytation). 7, VT, USA) to confirmed fluorescence imaging. 471 

 472 

Molecular docking Analysis 473 

The protein structure was obtained by searching the protein database (PDB) required for 474 

molecular docking (ID 4Q3J, NF-кB), (ID 6COX, COX2), and (ID 1R35, iNOS) 475 

(https://www.rcsb.org/, accessed on September 13, 2023). The 3D compound structures of 3-476 

Indoleacrylic acid, (Compound CID: 5375048), Chlorogenic acid (Compound CID: 1794427), 477 

and Astragalin (Compound CID: 5282102) were downloaded from PubChem 478 

(https://pubchem.ncbi.nlm.nih.gov/, accessed on September 13, 2023). UCSF Chimera and 479 

AutoDock Vina were used to analyze docking. Discovery Studio (DeLano, 2002) were used to 480 

show the docking structure. Using the total intermolecular energy and the expected free energy 481 

binding, the affinity of the binding is determined. 482 

Statistical Analysis 483 

To express the data, the mean and ±SEM are utilized. Prism software (GraphPad Inc. version 484 

9.3.1) was applied for data analysis. SPSS version 12.0 was used for the statistical examination 485 

(SPSS Inc., Chicago, Illinois, USA). It was analyzed using one-way factorial analysis of 486 

variance (ANOVA) to determine if the groups differed significantly from one another in any 487 

way. Dunnett's multiple comparison test was used, and a statistically significant value of p < 488 

0.05 was used. (# p < 0.05, ## p < 0.01, ### p < 0.001 vs. untreated group; and * p < 0.05, ** p < 489 

0.01, *** p < 0.001 vs. LPS-treated group). 490 

 491 



Conclusion 492 

 493 

Figure 9. Overview: Anti-inflammation and antioxidant effects of SAE. 494 

In this study, five phenolic compounds were identified in SAE and screened for phenolic 495 

compounds with antioxidant activity potential in combination with DPPH. We also screened 496 

potential anti-inflammatory phenolic compounds through COX2 binding. The potential 497 

antioxidant properties of each compound were confirmed through a competitive binding 498 

reaction with DPPH and COX2 enzyme. Subsequently, the anti-inflammatory effect of the 499 

extract was confirmed through in vitro experiments (Figure 9). Lastly, the molecular docking 500 

results showed that the molecular structure of the phenol compound contained in SAE is related 501 

to the anti-inflammatory activity of SAE. These results provide an effective method to 502 

determine the potential antioxidant and anti-inflammatory effects of phenolic compounds in 503 

the extract and suggest that Stachys affinis can be used as basic data in the industry of health 504 

foods and pharmaceuticals. In future research, we plan to conduct more in-depth antioxidant 505 

and anti-inflammatory research on SAE and, at the same time select compounds with high 506 

activity among the phenolic compounds present in the extract to conduct antioxidant and anti-507 

inflammatory research. 508 
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