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In this study, the Anoectochilus roxburghii (A. roxburghii) was studied for its chemical composition and biological activities. The
first aim of this work was to isolate and purify compounds from A. roxburghii using Sephadex LH-20 and HPLC. The identification
of seven compounds was achieved, with 5,4’ —dihydroxy—3,3’,7—trirnethoxy—ﬂavone and 5-hydroxy-3,4-dimethyl-5-pentylfuran-
2(5H)-one being isolated from A. roxburghii for the first time. The second aim was to describe its inhibition on the metabolism-
related enzyme activities in vitro. Further, 3,5-dihydroxy-7,3',4’-trimethoxyflavone and 5-hydroxy-3,4-dimethyl-5-pentylfuran-
2(5H)-one showed inhibitory activity on xanthine oxidase, while isorhamnetin-3-O-rutinoside (ICsy=87.45ug/mL) may be
potential inhibitors of a-amylase. Molecular docking analysis revealed that isorhamnetin-3-O-rutinoside exhibited the highest
binding affinity towards PL. In addition to scientifically expanding the compound library of A. roxburghii, the discovery is also
a vital reference for finding new insights in the field of medication research, especially as natural metabolism-related enzyme

inhibitors.

1. Introduction

Anoectochilus roxburghii (Wall.) Lindl. is a perennial herb
belonging to the genus Amnoectochilus of the Orchidaceae
family [1]. The plant has a mild and sweet flavor, making it
widely utilized as a medicinal and food homologous agent
among the populace [2]. It contains polysaccharides, ste-
roidal compounds, organic acids, terpenoids, alkaloids,
volatile oils, flavonoids, and glycosides [3]. Furthermore, it
also has anti-inflammatory [4], anti-rheumatoid arthritis
[5], hepatoprotective [6], antioxidant properties [3],
andanti-hyperglycemic [7] effects. Although A. roxburghii
has such pharmacological activities, on the one hand, the
specific ingredients that affect these pharmacological ac-
tivities are not clear enough; on the other hand, there are no
in-depth reports on its uric acid-lowering, hypoglycemic,
and hypolipidemic properties, and it needs to be explored.

Diabetes is a significant metabolic disorder characterized by
insulin resistance, aberrant glucose metabolism, heightened
oxidative stress, and the onset of pathogenic conditions such
as neuropathy, retinopathy, and obesity [8]. In humans,
a-amylase (wA) is an enzyme responsible for the hydrolysis
of starch [9]. Diabetes complications can be effectively
managed through inhibition of aA, which delays or sup-
presses glucose absorption into the small intestine.
Hyperuricemia (HUA), characterized by dysregulation
in purine metabolism, exhibits a high prevalence among
Chinese adults, ranging from 8.4 to 13.3% [10]. Emerging
evidence suggests that HUA can give rise to diverse man-
ifestations of multiorgan dysfunction, encompassing renal
impairment, hepatic abnormalities, disruptions in endocrine
and metabolic homeostasis, and cerebrovascular and car-
diovascular disorders [11]. Xanthine oxidase (XOD) serves
as the pivotal enzyme accountable for catalyzing
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hypoxanthine into xanthine and subsequently converting
xanthine into uric acid, thereby playing a crucial role in
developing HUA and gout. Currently, allopurinol and
febuxostat have obtained clinical approval as XOD in-
hibitors for managing HUA and gout disease. However, due
to adverse effects associated with these XOD inhibitors, such
as hepatitis, nephropathy, and allergic reaction [12], there is
an urgent need to explore novel natural alternatives that
ensure safer consumption. Bioactive substances of plant
origin may be a good choice.

Hyperlipidemia is characterized as a disorder involving
disturbances in lipid metabolism, including elevated levels of
total cholesterol (TC), triglyceride (TG), and low-density li-
poprotein cholesterol (LDL-C), along with reduced levels of
high-density lipoprotein cholesterol [13]. Dysregulated lipid
profiles significantly contribute to the risk of cardiovascular
disease, posing a grave threat to human health. Pancreatic
lipase (PL) is pivotal in triglyceride absorption within lipid
metabolism [14]. Inhibiting lipase activity is considered an
effective mechanism for impeding triacylglyceride absorption
in patients with hypercholesterolemia.

There is a wealth of natural biological resources and
traditional medicinal knowledge in China, encompassing
diverse folk and ethnic medicines. However, there are still
numerous species that remain understudied and underutil-
ized, with some lacking chemical investigation. Consequently,
the pursuit of novel drugs derived from natural sources that
exhibit high efficacy, low toxicity, and targeted specificity for
treating metabolic diseases has emerged as a pivotal focus
within drug research and development. The screening of plant
extracts for pharmacological activity, followed by subsequent
trials to identify their bioactive ingredients, has led to the
discovery of numerous pharmacologically valuable substances
exhibiting potential hypoglycemic, uric acid-lowering, and
hypolipidemic properties. Since A. roxburghii contains vari-
ous bioactive ingredients and shows good pharmacological
activity, our purpose was to investigate these bioactive
compounds from the dried products of A. roxburghii and
analyze their chemical structure, combining molecular sim-
ulation to find potential biologically active substances. To
isolate these compounds from the dried products of
A. roxburghii, 70% ethanol extraction, Sephadex LH-20,
reversed-phase C18 (RP-C18), thin-layer chromatography
(TLC), and high-performance liquid chromatography
(HPLC) were employed. Nuclear magnetic resonance spec-
troscopy (NMR) determined the compound’s structure. The
impact of these compounds on the enzyme activity of aA,
XOD, and PL was further investigated. Additionally, a mo-
lecular docking analysis was conducted to study the structure-
activity relationship. The experimental findings significantly
contributed to the investigation the bioactive compounds in
A. roxburghii and the activities of metabolism-related enzyme
in vitro. A graphic abstract of our study is depicted in Figure 1.
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2. Materials and Methods

2.1. Reagentsand Chemicals. Various chemicals and reagents
were obtained from different suppliers for experiments. The
following reagents were purchased from Sinopharm
Chemical Reagent Co. Ltd.: methanol (MeOH), AcOEt
(ethyl acetate), ethanol (EtOH), isopropyl alcohol, sodium
dihydrogen phosphate, dimethyl sulfoxide (DMSO), and
sodium dihydrogen phosphate. HPLC quality methanol and
acetonitrile were also acquired from the Merck Company in
Germany. DNS (3,5-dinitrosalicylic acid) was procured from
Beijing Soleibao Co. Ltd. XOD, «A, xanthine, allopurinol,
and acarbose (50mg/tablet) were provided by Tokyo
Chemical Industries Co. Ltd. (Tokyo, Japan). Shanghai
Macklin Biochemical Technology Co. Ltd. provided a final
supply of PL, p-nitrophenyl palmitate, and orlistat.

2.2. Plant Material. The A. roxburghii specimen, which was
one year old, was obtained from Zhangzhou Meilide Bi-
ological Engineering Co. Ltd. The specimen was dehydrated
in an industrial oven at 85°C for hours. Afterwards, the
meticulously ground desiccated samples underwent milling
using a No. 2 sieve on a milling apparatus.

2.3. Extraction of Bioactive Compounds. The weighed dried
powders, which amounted to 700 grams, underwent five
cycles of extraction at 25°C for one hour using a ratio of
1000 mL of 70% ethanol per every 0.1kg of dried raw
material. Then, the organic solvent was removed through
rotary evaporation, resulting in a crude extract weighing
324 g. Subsequently, the crude ethanol extract was resus-
pended with 1000 mL ice-cold ultra-pure water. The
resulting extract was then partitioned with EtOAc
(1000mL) to afford the EtOAc portion (21.2 g). Further-
more, the EtOAc portion (21.2g) was subjected to frac-
tionation using medium-pressure reversed-phase C18
column (YMC-Pack ODS-AQ-HG). The column employed
in this process is designed to withstand high pressure and
provides optimal separation of the target compounds.
Subsequently, TLC analysis was performed to confirm the
components contained in each fraction. In addition, fur-
ther refinement of the separation process was performed
using the Sephadex LH-20 column. Then, the fractions
were gathered and consolidated based on their similarities,
resulting in major fractions. This step was essential in
concentrating the target compounds and ensuring the
highest purity levels. The purification of compounds and
the assessment of their purity were then conducted using
quantitative HPLC. Ultimately, seven compounds were
successfully isolated from A. roxburghii after a series of
intricate processes.
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FIGURE 1: Graphic abstract. Figure depicts a graphic abstract of the present study.

2.4. HPLC Analysis. Analyses of compounds were carried
out with an Agilent Technologies 1260 liquid chromato-
graph (Aglient Technologies, Waldbronn, Germany)
equipped with a diode array detector (DAD). For the sep-
aration of components in the extracts of A. roxburghii,
a high-performance Welch Ultimate LP-C;g column (with
a particle size of 5 ym, 250 mm x 4.6 mm) was employed. The
mobile phase used in the chromatographic process was
a mixture of methanol (A) and 0.1% formic acid in water (B)
(5:95, v/v). The flow rate was 1.0 mL/min, and the con-
sistency was constant. Each stock solution was diluted with
methanol to achieve a final 0.1 mg/mL concentration for
analysis. This was followed by filtration through a filter with
0.45 ym pores to remove any potential impurities and ensure
the purity of the sample. The column was conditioned at
a temperature of 15°C, and the sample injection volume was
set at 20 L to ensure accurate and precise measurement of
the target compounds.

2.5. NMR Spectroscopy. The 'H NMR (500 MHz) and *C
NMR (125 MHz) spectra were recorded using an Avancell-
500 spectrometer model manufactured by Bruker in Swit-
zerland. The sample was dissolved in CD;OD (0.6 mL) and
maintained at a temperature of 300K during analysis.
Furthermore, all chemical shifts of both 'H and '>C were
referenced to TMS (tetramethylsilane), a stable internal
standard used in NMR spectroscopy to define the zero point
of the chemical shift scale. This referencing process allowed
for an accurate comparison of the sample’s chemical shifts
with those of known compounds, aiding in the identification
and characterization of the sample.

2.6. Mass Spectrometry Conditions. The analyzed samples
were subjected to a comprehensive ionization process uti-
lizing the Agilent Dual electrospray ionization system, which

can operate as an ESI source in both positive and negative
modes, offering flexibility for sample analysis. The mass
spectrometer, with its wide m/z range of 100-1000, facili-
tated the detection of various ions present in the samples,
thereby enhancing the accuracy and precision of the anal-
ysis. The chromatographic separation was performed on
a preheated C,g reversed-phase column (3.0 mm x 100 mm,
Thermo Fisher Scientific, USA) at 35°C. The electrospray
ionization conditions for MS were set as follows: ion source
voltage, —4500 V; atomizing gas, 40 psi; auxiliary gas, 50 psi;
air curtain gas, 25 psi; turbine gas temperature, 450°C;
collision energy, 50eV; and collision energy propagation,
40eV. The complete process of acquiring data lasted for
10 minutes, guaranteeing swift and efficient analysis of the
samples.

2.7. In Vitro Xanthine Oxidase Inhibition Assay. XOD in-
hibition activity was assessed using a modified protocol as
previously described [15]. The weights of 0.7g sodium
dihydrogen phosphate, 2.1 g sodium hydrogen phosphate,
and 0.9 g sodium chloride were measured and dissolved in
100 mL distilled water to prepare 0.1 mol/L phosphate buffer
(PBS, pH 6.8). A working solution of XOD at a concentra-
tion of 0.1 U/mL was prepared by diluting the 10 U/mL XOD
stock solution with PBS. To prepare a xanthine working
solution with a concentration of 1 mmol/L, 1.5 mg xanthine
powder was weighted and dissolved in 400 uL of 1 mol/L
NaOH, followed by titration to a final volume of 100 mL
using PBS. In brief, a 96-well plate was incubated with
phosphate buffer (0.1 mL, pH 6.8), XOD (25 uL, 0.1 U/mL),
and sample solution (25 yL). The mixture was subsequently
subjected to incubation at 37°C for 20 min. Following this,
50 uL of xanthine (1 mmol/L) was added as substrate, and the
reaction proceeded for five minutes at the same temperature.
Absorbance values were measured at a wavelength of 290 nm
using a microplate reader. For the blank control groups,



phosphate buffer was substituted for both the sample and
xanthine reaction solutions, while in all the entire reaction
groups, phosphate buffer replaced the sample solution. In
addition, the sample control groups replaced the enzyme
solution with phosphate buffer. Inhibition of the XOD in-
hibitory activity was determined using the following
formula:

C;-C, .

C > x 100%. (1)

27 ™

Inhibition ratio (%) = (1 -

C, represents the values of buffer, sample, substrate, and
enzyme solution; C, represents the values of buffer, sample,
and enzyme solution; C, represents the values of buffer,
substrate, and enzyme solution; and C, represents the values
of buffer and enzyme solution.

2.8. a-Amylase Inhibition Assay. The inhibition activity of
aA was assessed using a modified protocol as previously
described [16]. The weights of 0.14 g sodium dihydrogen
phosphate, 0.42 g sodium hydrogen phosphate, and 0.18 g
sodium chloride were measured and dissolved in 20 mL
distilled water to prepare 20 mmol/L phosphate buffer (PBS,
pH 6.8). A working solution of ¢A at a concentration of 4 U/
mL was prepared by diluting the 50 U/mL aA stock solution
with PBS. In brief, 100 uL of enzyme solution (4 U/mL,
pH =6.8) was mixed with 100 L of each sample solution in
an EP tube and incubated at 25°C for 5 min. Subsequently,
the mixture was supplemented with 200 uL of starch solution
(0.5%, w/v) and further incubated at the same temperature
for 3 min. Afterwards, pipette 200 yL of the reaction mixture
into a 1.5mL EP tube followed by adding 100 uL. DNS so-
lution and heating at 85°C for 15 min. After cooling down,
thorough mixing was achieved by adding 900 4L ultrapure
water and ensuring even distribution throughout the mix-
ture. The resulting mixed solution was then added to a 96-
well plate with equal volumes in each well without exceeding
its maximum capacity. Finally, the absorbance of each well at
A=540nm wavelength was measured using a BioTek
microplate reader. This study chose acarbose as a positive
control, and PBS buffer was used instead of aA. The cal-
culation of aA inhibition rate can be determined using
following formula:

Inhibition ratio (%) = ( 1- %) x 100%. (2)
1

Specifically, C, represents the values of sample and DNS;
C, represents the values of enzyme solution, starch solution,
and DNS; and C, represents the values of DNS and starch.

2.9. Pancreatic Lipase Inhibition Assay. The assessment of
the inhibitory activity against PL was conducted using
a protocol that has been modified by previous descriptions
[15]. The p-nitrophenyl palmitate (p-NPP) substrate solu-
tion was prepared by dissolving 3.1 mg of p-NPP in 10 mL of
Tris-HCl buffer (50 mmol/L), followed by heating at 45°C for
5 minutes, resulting in a concentration of 0.8 mmol/L. In
triplicate tests, a 96-well plate was incubated with 20 uL
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sample solutions, 40 yL Tris-HCl buffer (50 mmol/L), and
60 yL enzyme solution (500mg of PL was dissolved in
a predetermined volume of Tris-HCI buffer in volumetric
flasks, followed by centrifugation at a speed of 5000 rpm for
15 min). The mixture was incubated at a temperature of 37°C
for a duration of 10min, after which 80uL p-NPP
(0.8 mmol/L) was added as substrate. The mixture un-
derwent further incubation at the same temperature for
30 minutes. The absorbance measurement using wavelength
set at A =405nm allowed quantification of inhibition per-
centage based on changes observed within sample wells
compared to control groups. Positive control involved the
utilization orlistat at concentration level equaling one mil-
ligram per milliliter. The calculation of PL inhibition rate can
be determined using following formula:

C,-C
Inhibition ratio (%) = ( 1- C2 4

1 3

) x 100%. (3)

Specifically, C, represents the values of Tris-HCIl, sam-
ples, substrates, and enzyme solutions; C, represents the
values of Tris-HCI, samples, and substrates; C, represents
the values of Tris-HCI, substrates, and enzyme solutions; and
C,; represents the values of Tris-HCI and substrates.

2.10. Molecular Docking. XOD (PDB code: 5N1X), aA (PDB
code: 5SEMY), and PL (PDB code: 1LPB) mentioned in the
original sentence are all important proteins that play crucial
roles in various physiological processes. The proteins
mentioned above were acquired from the Protein Data Bank.
Ligand and receptor synthesis were performed using PyMol
2.3 software, while Autodock Tools v1.56 package was
employed for generating docking input files. For the analysis
of receptor-ligand interactions, Discovery Studio 2021 was
utilized. These protein structures offer valuable insights into
their molecular interactions and potential functional
modifications, which can be harnessed in the development
of therapeutic interventions targeting diseases associated
with these proteins.

2.11. Statistical Analysis. The experiments were meticulously
designed and executed in triplicate to ensure the reliability
and accuracy of the results. To further enhance the credi-
bility of the findings, we employed two of the most widely
used statistical software programs, SPSS software (IBM,
version v26.0) and Origin 2021, to process and interpret the
data. One-way ANOVA was employed to ascertain the
presence of statistically significant variances among mean
values (95% confidence level).

3. Results and Discussion

3.1. Separation of Bioactive Compounds. The complex pro-
cedure for extracting and refining compounds from
A. roxburghii, an organism of great importance in natural
product research, was effectively carried out using a wide
range of sophisticated techniques. These techniques include
using 70% ethanol extraction, widely employed as an
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efficient method for isolating compounds from plant ma-
terials. Then, the obtained 70% ethanol extract was subjected
to ethyl acetate extraction to obtain the ethyl acetate fraction.
This fraction was then isolated using C18 reversed-phase and
Sephadex LH-20, a powerful gel filtration chromatography
technique that further purified the extracts. Subsequently,
TLC and HPLC were employed to further refine the extracts
and isolate the target compounds. Seven compounds were
identified upon analysis of the ethyl acetate crude extracts
(Figure 2), and the HPLC analysis of these compounds is
shown in additional file (Supplementary File (available
here)). They were characterized by 'H NMR and 13C NMR
spectroscopy, and compared to published data to confirm
their precise structures.

Among the seven compounds, compounds 4 and 6 were
obtained from A. roxburghii for the first time, highlighting
their novelty. Additionally, the MS spectra of compounds
1-7 provided further confirmation of their structures,
underscoring their accuracy and reliability.

Compound 1 (C,gH3,014, 95.06% purity) appeared as
a pale-yellow powder without any defined crystalline
structure and displayed the precursor ion at m/z 625.1763
(M +H]") under positive ionization made. The analysis of
the NMR spectra for both '*C and 'H isotopes of compound
1, as presented in Tables 1 and 2, respectively, exhibited
remarkable consistency with the data previously published
[17]. Therefore, we confirm that compound 1 is iso-
rhamnetin-3-O-rutinoside (narcissin).

Compound 2 (C30H36016, 98.24% purity) was a yellow
oil and displayed the precursor ion at m/z 675.1896
(IM + Na]™) under positive ionization made. The analysis of
the NMR spectra for both '*C and 'H isotopes of compound
2, as presented in Tables 1 and 2, respectively, exhibited
remarkable consistency with the data previously published
[18]. Therefore, we confirm that compound 2 is 4',5-dihy-
droxy-3,3',7-trimethoxyflavone-4'-O-a-L-rhamnopyr-
anosyl-(1—6)--D-glucopyranoside.

Compound 3 (C;5H;,03, 96.84% purity) was a white
powder and displayed the precursor ion at m/z 263.0679
([M + Na]™) under positive ionization made. The analysis of
the NMR spectra for both >C and "H isotopes of compound
3, as presented in Tables 1 and 2, respectively, exhibited
remarkable consistency with the data previously published
[19]. Therefore, we confirm that compound 3 is 4-methoxy-
2,5-dihydroxy-phenathrene.

Compound 4 (C;3H607, 99.14% purity) was a yellow
powder and displayed the precursor ion at m/z 345.0969
(IM +H]") under positive ionization made. The analysis of
the NMR spectra for both '>C and 'H isotopes of compound
4, as presented in Tables 1 and 2, respectively, exhibited
remarkable consistency with the data previously published
[20]. Therefore, we confirm that compound 4 is S,4’-dihy—
droxy-3,3',7-trimethoxy-flavone.

Compound 5 (C;3H;607, 99.54% purity) was a yellow
powder and displayed the precursor ion at m/z 367.0788
([M + Na]™) under positive ionization made. The analysis of
the NMR spectra for both '>C and 'H isotopes of compound

5, as presented in Tables 1 and 2, respectively, exhibited
remarkable consistency with the data previously published
[21]. Therefore, we confirm that compound 5 is 3,5-dihy-
droxy-7,3',4'-trimethoxyflavone.

Compound 6 (C;;H;5303, 94.85% purity) was a yellow oil
and displayed the precursor ion at m/z 221.1148 ([M + Na]™)
under positive ionization made. As shown in Tables 1 and 2,
the NMR spectra of '>C and 'H for compound 6 were
analyzed, and the data closely matched the published data
[22]. Therefore, we confirm that compound 6 is 5-hydroxy-
3,4-dimethyl-5-pentylfuran-2(5H)-one.

Compound 7 (C;sH1,07, 99.34% purity) was a yellow
powder and displayed the precursor ion at m/z 317.0656
(IM +H]") under positive ionization made. The analysis of
the NMR spectra for both '*C and 'H isotopes of compound
7, as presented in Tables 1 and 2, respectively, exhibited
remarkable consistency with the data previously published
[23]. Therefore, we confirm that compound 7 is
isorhamnetin.

3.2. Docking and Binding Free Energy. In order to evaluate
the enzyme-inhibiting bioactive natural compounds derived
from A. roxburghii against oA, XOD, and PL, compre-
hensive molecular docking studies were conducted. These
studies aimed to examine the interaction between the
compounds and the target enzymes to gain insights into
their inhibitory action. The results of the lowest binding
energies (BE, kcal/mol) of compounds 1-7 to these three
enzymes are shown in Figure 3. It is widely acknowledged
that a lower binding energy between the protein and sub-
strate during docking increase complex stability [24]. The
affinity of compound 1 and compound 5 for XOD was
~7.4kcalmol™" and —8.0kcalmol™', respectively, as illus-
trated in Figure 3, indicating their significant binding ca-
pability to the enzyme and potent inhibition potential
against XOD.

Moreover, compound 5 and compound 7 for aA were
—8.0kcal/mol and —8.0kcal/mol, demonstrating a potent
ability to inhibit its activity. The affinity of compound 1
(9.1 kcal/mol) and compound 2 (-7.8 kcal/mol) for PL was
more negative than —7.5 kcal/mol. These findings imply that
the inhibitor exhibits a strong inclination to bind with these
enzymes in vitro. The enhanced binding strength and no-
table interaction highlight the potential of these compounds
as inhibitors, which can be further investigated and utilized
to advance innovative therapeutic agents.

3.3. Measurement of Enzyme Inhibition Activity. Based on
the molecular docking binding energies and the yield of the
seven monomer compounds in A. roxburghii, we have
assessed compounds 1, 2, 5, 6, and 7 for evaluating their
activities against XOD, PL, and «aA in vitro (Table 3).

In Table 3, compound 5 (ICsy, 103.55+ 0.81 yg/mL),
compound 6 (ICsy, 164.74 + 0.98 yug/mL), and compound 7
(ICsg, 289.74+4.54 ug/mL) exhibit inhibitory effects on
XOD activity. However, it is crucial to highlight that the IC5
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(2) 4',5-dihydroxy-3,3',7-

(1) Isorhamnetin-3-O-rutinoside trimethoxyflavone 4'-O-a-L- (3) 4-methoxy-2,5-dihydroxy- (4) 5,4'-dihydroxy-3,3',7-
rhamnopyranosyl-(1—6)-p-D- phenathrene trimethoxy-flavone
glucopyranoside

(6) 5-hydroxy-3,4-dimethyl-5-pentylfuran-

(5) 3,5-dihydroxy-7,3',4"-trimethoxyflavone 2 (5H)-one

(7) Isorhamnetin

FIGURe 2: Compounds obtained from Anoectochilus roxburghii.

TaBLE 1: °C NMR data of compounds 1 — 72,

C1

C2 158.5 157.3 146.6 174.7 147.3
C3 135.6 140.4 136.3 125.8 135.8
Cc4 179.4 180.2 176.1 160.5 175.9
C4a

C4b

C5 163.0 162.8 153.7 156.3 156.1 109.3 160.7
C6 100.1 99.2 115.5 97.8 97.5 37.1 98.2
C7 166.1 167.4 128.4 165.1 165.0 23.9 163.9
C8 95.1 93.5 119.9 92.4 92.1 32.9 93.6
C8a 133.4

C9 158.9 158.3 126.3 160.9 160.3 23.7 156.1
C10 105.8 106.9 126.2 105.2 104.0 8.4 103.0
C10a 135.5

C11 14.4

C12 10.9

c1’ 123.1 123.4 122.3 123.2 121.9
c2’ 114.7 113.7 115.6 111.5 111.7
c3’ 148.4 150.6 149.9 148.4 148.8
c4’' 150.9 150.4 155.8 150.5 146.6
cs’ 116.2 117.2 112.0 110.9 115.5
ce’ 124.1 125.9 120.7 121.6 121.7
Glc C1"® 104.6 102.3

Glc C2" 76.0 74.9

Glc C3" 78.3 78.0

Glc C4" 71.7 71.6

Glc C5" 77.4 77.2

Glc C6" 68.7 67.9

Rha C1™¢ 102.6 102.1

Rha C2" 72.2 72.3
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TaBLE 1: Continued.

Rha C3" 72.4

Rha C4" 74.0

Rha C5" 69.9

Rha C6" 18.0

C-3-OCHj3

C-3-OCH; 55.9

C-7-OCHj;

C-4-OCHj; 57.5
C-4'-OCH;

56.1 55.7 55.8
56.1

59.7

55.8 55.6

2125 MHz measured in CD;0D; "Gl for glucose; “Rha for rhamnose.

TasLe 2: 'H NMR data of compounds 1-7°.

H1 6.96 1H d
H3 6.88 1H d
H6 6.19 1H s 6.26 1H s 7.04 1H dd
H7 7.40 1H t
H8 6.37 1H s 6.57 1H s 7.40 1H t
H9 762 1H d
H10 752 1H d
H1l

H12

H1'

H2' 794 1H s 7.77 1H s

H5' 6.91 1H s 723 1H s

He' 7.61 1H s 7.77 1H s

Glc H1" 524 1H s 5.00 1H s

Glc H2" 3.651H s

Glc H6" 3.84 1H d

Glc H2"- H6 3.34 5H m 3.98 5H m

Rha H1™¢ 4551H s 469 1H s

Rha H2"-H5" 334 5H m 3.98 5H m

Rha H6" 1123Hd 1183H d

H-3-OCH; 3.36 3H m

H-4-OCHj; 4.06 3H s
H-3'-OCH, 3.953H s 3.61 3Hm

H-4'-OCHj;

H-7-OCH, 3.62 3H m

H-2-OH 10.05 1H s
H-3-OH

H-5-OH 946 1H s
H-6-OH

H-7-OH

H-4'-OH

6.36 1H d 1.94 2H m 6.20 1H s
1.25 2H m
6.79 1H d 6.80 1H d 1.10 2H m 6.49 1H s
1.72 2H m
089 3H t
1.93 3Hd
1.78 3H d
6.951H d
7.67 1H d 7.78 1H d 7.76 1H s
6.97 1H d 7141H d
7.63 1H dd 7.96 1H dd 7.69 1H d
3.823H s
3.873H s 3.853Hd 3.853H s
9.96 1H s 3.853Hd
3.87 3H s 3.88 3H s
9.77 1H s
12.67 1H s 1243 1H s 1247 1H s
9.67 1H s
10.83 1H s
9.44 1H s

'H NMR data of compounds 1-7% 500 MHz measured in CD;0D; Glc for glucose; “Rha for rhamnose.

values of these three compounds under investigation are
noticeably higher than those of the allopurinol (ICs,
0.31+£0.03 yg/mL). Notably, neither compound 1 nor
compound 2 had significant effects on XOD, with almost
negligible impact observed. Although compounds 5, 6, and 7

exhibit inhibitory effects on XOD activity, their potency is
lower than the positive control drug. Further studies are
needed to improve their potency and affinity towards the
enzyme, which could lead to more potent and effective XOD
inhibitors. Compounds 1, 5, and 7 have been found to
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FIGURE 3: The lowest binding energies of compounds 1-7 with xanthine oxidase, a-amylase, and pancreatic lipase.

possess inhibitory properties against «A. Notably, com-
pound 1 demonstrated a remarkable ICs, value of
87.45+1.77 ug/mL and compound 7 showed an equally
impressive ICso 0of 190.29 + 3.34 ug/mL; these values indicate
that both compounds are more potent inhibitors of «A than
the positive control drug acarbose (ICsy, 233.76 £ 1.71 ug/
mL). The results demonstrated that compound 1 and
compound 7 exhibited superior inhibitory effects on aA
compared to acarbose, likely attributed to their distinct
chemical structures. In addition to compounds 1 and 7,
some other compounds exhibited a comparatively lower
degree of stimulation on aA activity, while others demon-
strated no inhibitory effects. Postprandial hyperglycemia,
a characteristic feature of diabetes, has the potential to cause
complications in the retina, cardiovascular system, and
kidneys. The activity of @A can be effectively inhibited to
reduce blood glucose levels [25]. Compound 1, compound 2,
compound 6, and compound 7 showed weak inhibitory
activity on PL. However, no PL inhibitory activity was
observed for compound 5. Utilizing the experimental
findings from this study has the potential to facilitate the
development of novel, cost-effective, and highly efficacious
agents for hypoglycemia and uric acid reduction.
Moreover, the manufacturing process of these com-
pounds requires implementing cost-effective strategies to
enhance production efficiency and minimize waste. Fur-
thermore, meticulous clinical trials involving a diverse range
of participants are crucial to ensure the safety and efficacy of
these drugs for widespread use. The findings of this study

highlight the remarkable potential of A. roxburghii in
lowering uric acid and blood glucose levels, paving the way
for development of novel pharmaceuticals and
functional foods.

3.4. Analysis of Molecular Docking Simulation Visualizations.
Molecular docking is a powerful technique that enables the
study of protein-ligand interactions at a molecular level,
providing valuable information about the binding mode and
affinity of the compounds. By simulating the binding process
of the isolated compounds from A. roxburghii to XOD and
aA, we could identify key residues that integrate a major
binding site of these substrates and determine the critical
interactions that lead to inhibition. The interactions between
compounds 5 and 6 with XOD, as well as the interactions of
compounds 1 and 5 with aA, are illustrated in Figure 4. The
two enzymes establish a harmonious relationship with the
compounds through intricate and diverse mechanisms,
including hydrogen bond, n-7 stacking, hydrophobic as-
sociation, ligand coordination, and van der Waals forces.
These various mechanisms work in unison to facilitate
a stable and efficient interaction between the two enzymes
and the compounds, enabling a wide range of chemical
reactions to occur with precision and efficacy. These in-
teractions demonstrate heightened affinity, suggesting the
potential of compounds 5 and 6 in reducing uric acid levels.
For molecular docking analysis with «A, compound 1 and
compound 5 were selected. The three-dimensional
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molecular docking diagram revealed the formation of hy-
drogen bonds between compounds 1 and 5 and their ad-
jacent residues. Identification of additional residues,
including HIS299, TRP59, LFU165, GLU233, and ILF235,
near the ligand/aA complex has provided valuable insights
into the intricate interactions between these molecules.
Moreover, the highest-ranked substances exhibited hydro-
gen bonding, indicating their possibility to inhibit the en-
zymatic activity of XOD and aA, while suggesting a possible
role in reducing uric acid levels and blood sugar. These
findings highlight the promising applications of
A. roxburghii extract in the pharmaceutical industry.

4. Conclusions

The Orchidaceae family member Anoectochilus roxburghii
(Wall.) Lindl., a perennial plant, is used for medicinal and
culinary purposes. It is widely used in human diets, phar-
maceutical products, and pharmaceutical medicines. A
combination of silica gel column chromatography, pre-
parative thin-layer, RP-C18, Sephadex LH-20 column
chromatography, and HPLC was employed to isolate seven
active compounds from A. roxburghii, and subsequently
their chemical structure composition was confirmed by
nuclear magnetic resonance (‘H NMR, >C NMR). The
compounds 5,4'-dihydroxy-3,3',7-trimethoxy-flavone and
5-hydroxy-3,4-dimethyl-5-pentylfuran-2(5H)-one were
obtained from A. roxburghii for the first time. The cumu-
lative findings of our study demonstrate the therapeutic and
protective effects of A. roxburghii in managing HUA and
diabetes. With measurement of enzyme inhibition activity
and molecular docking simulation analysis, 3,5-dihydroxy-
7,3' 4’ -trimethoxyflavone (5) demonstrates novel potential
as a first-time inhibitor of XOD and «A for the first time. At
the same time, 5-hydroxy-3,4-dimethyl-5-pentylfuran-
2(5H)-one (6) exhibits promising inhibitory activity against
XOD for the first time. Meanwhile, further in vivo and
clinical studies are required to unravel the antidiabetic and
anti-HUA activities. The results present promising per-
spectives for further investigations into these natural
products’ biological effects and medicinal applications.
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