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ABSTRACT

Background: Oldenlandia corymbose is a small perennial herb used traditionally to clear toxins,
activate blood circulation, and relieve urinary obstruction.

Objectives: This study investigated the phytochemical and antioxidant activity of water and
methanol extracts of Oldenlandia corymbosa.

Materials and Methods: Total phenolic, flavonoids, and tannin contents of Oldenlandia
corymbosa were determined using Folin-Ciocalteau reagent, Colorimetric AICl3 method, and
spectrophometry method respectively. The antioxidant activities were analyzed using 2,2-diphenyl-
-picrylhydrazyl (DPPH) radical scavenging activity, ferric reducing antioxidant power (FRAP),
metal chelating activity (MCA), 2,2’-azino-bis-(3-ethyl) benzothiazoline-6-sulfonic acid (ABTS)
radical scavenging, and phosphomolybdenum assay (PMA).

Results: The total phenolic, flavonoid and tannin of the methanolic extracts were found to be higher
than that of the water extracts. The DPPH, FRAP, MCA, ABTS and PMA for the water extracts
were found to be 56.05 = 0.1 %, 0.018 + 0.002 mg Fe(Il) equivalent/g, 0.346 + 0.04 mg EDTA
equivalent/g, 63.67 £ 0.6 mg trolox equivalent/g, 0.82 + 0.03 ascorbic acid equivalents/g and greater
than that of the methanol extract 47.26 + 0.09 %, 0.009 + 0.0001 mg Fe(II) equivalent/g, 0.198 +
0.002 mg EDTA equivalent/g, 62.68 £ 0.7 mg trolox equivalent/g and 0.365 + 0.008 ascorbic acid
equivalents/g respectively. These results show that, though the methanol extracts contain more
polyphenolic compounds, the water extract exhibits more antioxidant activity.

Conclusion: The water extract of Oldenlandia corymbosa shows superior antioxidant activity due
to the synergistic effects of its phytoconstituents than that of methanol extracts and can serve as a
natural remedy for managing oxidative stress.

Keywords: Oldenlandia corymbose; phytochemicals; antioxidant activity water extract,
methanol extract
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INTRODUCTION

Oldenandia corymbosa Linn, is a plant of
flowering plant group belonging to the
Rubiaceae family has ascending stems that are
angledand th leaves are 1- 4cm in length and
6mm in width!?. Flowers tube consist of 4
petals and it is about 1.5-2mm in length!.
Oldenlandia corymbosa is a plant species
belonging to the Rubiaceae family>. They are
native to various regions, including Africa,
Asia, and Australia. Oldenlandia corymbosa,
also known as the "diamond flower," has a
long history of traditional use in herbal
medicine®*.  In the traditional Chinese
medicine systems, more than 20 species of
Oldenlandia have been used as folk medicine
with H. corymbosa as the most prominent
plant and is the active ingredients of some
Chinese herbal medicinal preparations such as
Peh-huejuwa-chi-cao®, Jiedu Yanggan Gao
powder®, Xiao Wei Yan Powder® and Feibao
syrup® used in treating cancer and other
related diseases®. The plant is also known to
clear toxins, activate blood circulation,
promote diuresis, and relieve urinary
obstruction. It inhibits the tumor activity of
lymphosarcoma and carcinoma and of the
liver and larynx. This plant is also useful for
sore throat, ulcers, and skin infections. There
is not much literature about the antioxidant
activity of this plant in Nigeria, therefore this
study investigated the phytochemical and
antioxidant activity of water and methanol
extracts of Oldenlandia corymbosa to provide
evidence for its usefulness in traditional
remedies.

MATERIALS AND METHODS

Collection of plant material

Oldenlandia corymbosa was collected from
the University of Ilorin, Kwara State, Nigeria
and identified properly by a botanist at the
herbarium, Department of Botany, University
of Ilorin, Ilorin, Nigeria with voucher number
UILH/001/034/2024. The whole plant without
the roots was dried at 45 °C for 72 hours and
powdered using an electric blender.
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Extraction of plant materials

The pulverized plant (100 g) of Oldenlandia
corymbosa was soaked in distilled water (20%
w/v) at room temperature for 24 h with
intermittent shaking after 12 h. Another 100 g
pulverized plant was also soaked in methanol
(20% w/v) and the same procedure as in
distilled water followed. The extracts were
filtered using a clean white muslin piece of
cloth to remove debris after which they were
each filtered through a Whatman No 1 filter
paper. The resulting Oldenlandia corymbosa
water extract (OCW) and Oldenlandia
corymbosa methanol extract (OCM) were
evaporated over a water bath at 40 °C®. The
evaporated extracts were then stored in small-
capped bottle containers at +4°C until
required for analysis.

Quantitative Phytochemical Analysis

Total Phenolic content

The amount of phenol in the methanol and
aqueous extract of Oldenlandia corymbosa
were determined using the Folin-Ciocalteu
reagent method *!°. 2 mL of 10 % Folin-
Ciocalteu reagent and 1.6 mL of 2 % solution
of sodium bicarbonate was added to 2 mL of
the plant extract. Different concentrations (0.1
- 0.7 mg/ml) of gallic acid (standard) was
prepared the same way as the extracts. The
resulting mixture was incubated for 30
minutes at room temperature and the
absorbance of the standard and samples was
measured at 765 nm. A graph of the
absorbance of standard versus concentration
was plotted as the standard curve. All tests
were performed in triplicates. The results
were determined from the standard curve and
were expressed as gallic acid equivalent (mg/g
of extracted compound).

Total Flavonoid content

Colorimetric method using aluminium
chloride was used to determine the flavonoid
content’. The methanol and aqueous extracts
solution (0.3 mL each) were each mixed with
1.5 mL of methanol and 1.5 mL of 10 %
aluminium chloride and allowed to stand for 1
hour at room temperature. Different
concentrations (10 pg to 1000 pg) of quercetin
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(standard) were prepared the same way as the
extracts. The absorbance was measured at 420
nm. Extract samples were evaluated at a final
concentration of 0.1 mg/mL. Quercetin at
different concentrations of 0.06 to 0.18
mg/mL was prepared (as standard) in the same
way as the extracts. All tests were performed
in triplicates. Total flavonoid contents were
calculated as quercetin equivalents (mg/mL).

Determination of total tannin content (TTC)
The vanillin-HCl method!" with minor
modifications was used to determine total
tannin content. Briefly, the extracts (methanol
and aqueous extracts of Oldenlandia
corymbosa) or standard catechin (100 pL) and
1 mL reagent (4% vanillin and 8% conc. HCI;
1:1 in methanol) were mixed and incubated at
room temperature for 20 min and absorbance
were taken at 500 nm. All the results were
expressed as mg catechin equivalent (CE)/g
extract.

Antioxidant Assay
2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical-scavenging

The DPPH radical-scavenging activity'? of
the test extracts were examined. Different
concentrations (0.6 and 0.4 mg/mL) of each
extract (methanol and aqueous extracts of
Oldenlandia corymbosa) were prepared. 1.5
mL of the different concentrations was added
to 1.5 mL of the methanolic solution of DPPH
(100 uM). The mixture was allowed to react
to room temperature in the dark for 30
minutes. Vitamin C was used as standard
control while a mixture without the extract
was taken as blank. Three replicates were
made for each test sample. After 30 minutes,
the absorbance (A) was measured at 518 nm
and converted into percentage antioxidant
activity using the following equation:

% DPPH antioxidant activity =
Absorbance (DPPH)—Absorbance (Extract) y

Absorbance (DPPH) 100

Ferric reducing antioxidant property assay
(FRAP)

FRAP assay was performed according Patel et
al.!%. Briefly, FRAP reagent was prepared by
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mixing acetate buffer (pH 3.6), 10 uM TPTZ
in 40 uM HCI, and 20 pM FeCl; at ratio of
10:1:1 (v/v/v). Methanol extract of each of the
samples (methanol and aqueous extracts of
Oldenlandia corymbosa) (2 mL from
2 mg/mL stock) and 2 mL reagent was mixed,
incubated at 37 °C in water bath for 30 min,
and absorbance was read at 593 nm. Standard
FeSO4-7H>O (20-120 mg/mL) was used to
plot curve. Results were expressed in mg Fe
(IT) equivalent/g extract.

Metal chelating activity (MCA)

To determine total antioxidant capacity of the
extracts (methanol and aqueous extracts of
Oldenlandia corymbosa), metal chelating
assay was performed!®. In brief, 5mL of
2 mM FeCl, was added to 4 mL (2 mg/mL
stock) extract or standard EDTA (20—
120 pg/mL). The reaction was started by the
addition of 10 mL of 5 mM ferrozine solution
and 650 pL distilled water was added to make
up the volume. The mixture was vigorously
shaken and left to stand at room temperature
for 10 min. The absorbance of the solution
was thereafter measured at 562 nm. Nas-
EDTA was used as a positive control. The
results were expressed as mg EDTA
equivalent (EE)/g extract.

2,2"-azino-bis-(3-ethyl)  benzothiazoline-6-
sulfonic acid (ABTS) radical scavenging
activity

ABTS radical cation decolourization assay'*
was performed on the methanol and water
extracts of Oldenlandia corymbosa. ABTS
radical cation (ABTS) was produced by
reacting ABTS solution with 2.45 mM
potassium persulfate (1:1 ratio) and allowing
the mixture to stand in the dark at room
temperature for 12—-16 h before use. ABTS
solution was diluted in methanol (1:89 ratio)
to obtain an absorbance 0.7 (£0.02) at 734 nm.
In test tube, 1 mL ABTS solution and 2 mL of
extracts (2 mg/mL stock) or standard was
taken, incubated at 30 °C and absorbance
taken at 730 nm exactly after 30 min using
methanol as blank. All the solutions were used
on the day of preparation. The results were
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expressed as mg trolox equivalent (TE)/g
extract.

Phosphomolybdate assay (PMA)

The method reported by Prieto and Ghane!®
was adopted with some minor modifications.
In this assay, 1.5 mg/mL plant extract
(10 mg/mL stock) or standard ascorbic acid
(0.2-2.0 mg/mL) was mixed with
phosphomolybdate reagent (0.6 M sulfuric
acid, 28 mM sodium phosphate and 4 mM
ammonium molybdate). The reaction mixture
was then incubated in a water bath at 90 °C for
90 min, cooled to room temperature and
absorbance was measured at 695 nm. The
antioxidant capacity was expressed as mg of
ascorbic acid equivalents (AAE)/g extract.

Data Analysis

The results are presented as mean + standard
error (SE) of at least three independent
replicates. Statistical analysis was performed
using Analysis of Variance (ANOVA) and the
significances of the differences between
sample mean were determined using Duncan's
multiple range test using SPSS software ver.
16. Statistical significance was set at a level of
p <0.05.
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RESULTS

Total phenolic content was expressed as mg/g
Gallic acid equivalent using the following
equation based on the calibration curve:

y = 1.6232x, R? = 0.6658

Where y was the absorbance and x was the
concentration.

Total flavonoid contents were calculated as
quercetin equivalents (mg/mL) using the
following equation based on the calibration
curve:

y =0.23x, R? = 0.9424

Where y was the absorbance and x was the
concentration.

The total phenolic, flavonoid and tannin
contents in the methanol extract of
Oldenlandia corymbose were higher than
those of the water extract as shown in Figure
1. The total phenolic, flavonoid and tannin of
the methanol extracts were found to be
(0.816+0.03 mgGAE/g), (0.887+0.01
mgCE/g) and (249.8+0.5 mgCE/g) higher
than that of the water extracts (0.542+0.01
mgGAE/g), (0.411+0.001 mgCE/g) and
(141.8+0.3 mgCE/g) respectively.
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Figure 1. a: Total phenolic content, b: total flavonoids content, and c: total tannin contents of
water extract (OCW) and methanol extract (OCM) of Oldenlandia corymbosa

Antioxidant potential from the water and
methanol extract of Oldenlandia corymbose
was estimated by measuring DPPH, FRAP,
MCA, ABTS, and PMA activities. The

DPPH, FRAP, MCA, ABTS and PMA for the
water extract were found to be 56.05+0.1%,
0.018+0.002 mg Fe(ll) equivalent/g,
0.346+0.04 mg EDTA  equivalent/g,
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63.67+0.6 mg trolox equivalent/g, 0.82+0.03
ascorbic acid equivalents/g and greater than
that of the methanol extract 47.26+0.09%,
0.009+£0.0001 mg Fe(ll) equivalent/g,
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0.198+0.002 mg EDTA equivalent/g,
62.68+0.7 mg trolox equivalent/g and
0.365+0.008 ascorbic acid equivalents/g
respectively (Figure 2).
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Figure 2. a: 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity, b: Ferric
reducing antioxidant power assay, c: Metal chelating activity, d: 2,20-azino-bis-(3-ethyl)
benzothiazoline-6-sulfonic acid radical scavenging activity, e: Phosphomolybdenum assay of
water extract (OCW) and methanol extract (OCM) of Oldenlandia corymbosa

DISCUSSION

Studies have proposed that the different
polarities of solvents exert an important effect
on the recovery of polyphenols from different
sources'®. It has also been shown that the
amounts of components extracted by solvents
increased as the polarity of the solvent used
increased!”!8. The total phenol, flavonoid and
tannin contents in the methanol extract of
Oldenladia corymbosa is higher than that of
the aqueous extract. This result is in

agreement with previous literature'®. The total
phenol in this study was lower than that
reported by Aziz and colleagues®® and the
flavonoid also lower than that reported by Al
Bashera and colleagues!. Those reported in
literature’®?! were harvested in India while
ours was in Ilorin, Nigeria, thus, the difference
in phytoconstituents concentrations can be
due to differences in geographical location,
climate and soil.

Phenolics, flavonoids, and tannins continue to
be studied for their health benefits, and recent
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research has further expanded their potential
effects. Phenolic compounds have been
reported to have antioxidant, anti-
inflammatory, and anticancer properties.
Recent studies have explored phenolics' role
in gut microbiota modulation. Phenolic
compounds can positively influence the gut
microbiota composition, which is crucial for
maintaining overall health and preventing
various diseases??. Flavonoids, in addition to
their antioxidant and anti-inflammatory
effects, recent research has focused on
flavonoids' impact on brain health. Some
flavonoids have been found to cross the
blood-brain barrier and exhibit
neuroprotective properties, which may help
prevent neurodegenerative diseases such as
Alzheimer's and Parkinson's?>. Tannins have
been studied for their potential role in weight
management. Recent research suggests that
tannins may help reduce body weight and fat
mass by affecting gut microbiota and
metabolic pathways?*. Therefore Oldenladia
corymbose may possess all these health
benefits including antioxidant activity, which
helps protect cells from oxidative stress and
damage caused by free radicals.

While the methanol extract of Oldenladia
corymbosa displayed significantly higher
levels of total polyphenolic content compared
to the aqueous extract of Oldenladia
corymbosa, it is noteworthy that the aqueous
extract exhibited superior antioxidant activity.
This disparity suggests that the aqueous
extract of Oldenladia corymbosa harbors
specific  polyphenolic compounds with
remarkable antioxidant properties,
emphasizing the importance of the quality
rather than the quantity of bioactive
compounds.

This phenomenon where methanol extracts
generally contain higher levels of phenolics,
flavonoids, and tannins compared to water
extracts but the water extracts often exhibit
more remarkable antioxidant activity has been
reported in the literature®>2’. This discrepancy
can be attributed to the synergistic effects of
different bioactive compounds present in the
extracts®®, and also the different extraction
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efficiencies of various bioactive compounds
by different solvents'®.

CONCLUSION

The methanol extracts of Oldenlandia
corymbosa possess higher concentrations of
phenolics, flavonoids, and tannins compared
to the aqueous extract of Oldenlandia
corymbosa, however, the aqueous extracts
exhibit more remarkable antioxidant activity
due to the synergistic effects of these
compounds in the extracts which lead to a
more potent overall antioxidant effect than
that of methanol extracts. The superior
antioxidant activity of the water extract
explains its potential in traditional medicine,
functional foods, and nutraceuticals

Further research is needed to explore the
underlying  mechanisms  behind  this
phenomenon and to identify the specific
compounds responsible for the synergistic
antioxidant effects in water extracts. This
knowledge could potentially lead to the
development of more effective natural
antioxidant sources for various applications in
the food, pharmaceutical, and cosmetic
industries.

ACKNOWLEDGEMENTS

The authors acknowledge the department of
Pharmaceutical and Medicinal Chemistry and
Staff of the Department for their assistance
during this study.

AUTHORS’ CONTRIBUTIONS

NSN, FAUA, AOS, ODB, STA and OIE
designed the study. SCC, SPO, PEI and CM
determined phytochemistry and antioxidant
activity. NSN, AOS and CM analyzed the
data. The initial draft was written by MSD and
AA. All authors approved the final article.

REFERENCES
1. Das S, Mondal N, Mondal S, Ghosh P,

Ghosh C, Das C et al. Botanical features,
phytochemical and pharmacological

58



overviews of Oldenlandia corymbosa
Linn.: A brief review. The Pharma
Innovation Journal, 2019;8(2):464-8.
Attah FA, Mbanu AE, Chukwudulue
UM, Jonah UJ and Njinga NS.
Ethnopharmacology, phytochemistry and
a new chemotaxonomic marker in
Oldenlandia affinis (Roem. & Schult.)
DC. Rubiaceae. Physical Sciences
Reviews, 2023;8(11):3939-59.

Nworu CS, Ejikeme TI, Ezike AC, Ndu
O, Akunne TC, Onyeto CA et al. Anti-
plasmodial and  anti-inflammatory
activities of cyclotide-rich extract and
fraction of Oldenlandia affinis (R. & S.)
DC (Rubiaceae). African health sciences,
2017;17(3):827-43.

Patel T, Jain V and Dodia R. Oldenlandia
corymbosa L.. A phytopharmacological
review. International  Journal of
Phytopharmacy, 2014;4(3):79-82.

Yang YC and Wei MC. A combined
procedure of ultrasound-assisted and
supercritical carbon  dioxide for
extraction and quantitation oleanolic and
ursolic acids from Hedyotis corymbosa.
Industrial  Crops and  Products,
2016;79:7-17.

Peng IN, Feng XZ, Zheng QT and Liang
XT. A PB-carboline alkaloid from
Hedyotis chrysotricha. Phytochemistry,
1997;46(6):1119-1121.

Zhao J, Deng JW, Chen YW and Li SP.
Advanced phytochemical analysis of
herbal tea in China. Journal of
Chromatography A, 2013;1313:2-23.
Kambizi L, Bakare-Odunola MT, Oladiji
AT, Kola-Mustapha AT, Amusa TO,
Atolani O et al. Proteinease inhibition,
membrane stabilization, antioxidant and
phytochemical evaluations of leaves,
seeds and calyces of four selected edible
medicinal plants. Cogent Chemistry,
2017;3(1):1314064.
https://doi.org/10.1080/23312009.2017.
1314064

Njinga NS, Bakare-Odunola MT,
Abdullahi ST, Abdulmajeed FF, Bello
HR, Adediran JO et al. Effects of UV, red
and sun Light on the stability of

Njinga et al.: Activity of Oldenlandia corymbosa extracts — JBSPR

10.

11.

12.

13.

14.

15.

ISSN: 2705-3245

phytochemicals, antioxidant and
antimicrobial activity in the rhizomes of
Zingiber  officinale  (Zingiberacea).
Pharmaceutical Journal of Kenya,
2020;24(4):106-111.

Patel SB, Attar UA, Sakate DM and
Ghane SG. Efficient extraction of
cucurbitacins from Diplocyclos palmatus
(L.) C. lJeffrey: Optimization using

response surface methodology,
extraction methods and study of some
important bioactivities. Scientific
reports. 2020;10(1):2109.

https://doi.org/10.1038/s41598-020-
58924-5

Attar  UA and Ghane SG.
Phytochemicals, antioxidant activity and
phenolic  profiling of Diplocyclos
palmatus (L.) C. Jeffery. Int J Pharm
Pharm Sci., 2017;9(4):101-6.

Njinga NS, Bakare-Odunola MT,
Abdullahi ST, Abdulmajeed FF, Bello
HR, Saadu RA et al. Effects of UV, red
and sun light on the stability of

phytochemicals, antiradical and
antimicrobial activity of  Ocimum
gratissimum Linn. (Lamiaceae). East and
Central African Journal of
Pharmaceutical Sciences, 2021;23:121-
133.

Attar UA and Ghane SG. In vitro
antioxidant, antidiabetic,
antiacetylcholine esterase, anticancer

activities and RP-HPLC analysis of
phenolics from the wild bottle gourd
(Lagenaria siceraria (Molina) Standl.).

South African Journal of Botany,
2019;125:360-70.
Patel SB and Ghane SG. Phyto-

constituents profiling of Luffa echinata
and in vitro assessment of antioxidant,
anti-diabetic, anticancer and anti-
acetylcholine esterase activities. Saudi
Journal of Biological Sciences,
2021;28(7):3835-3846.

Prieto P, Pineda M and Aguilar M.
Spectrophotometric  quantitation  of
antioxidant  capacity  through the
formation of a phosphomolybdenum
complex: specific application to the

59



Njinga et al.: Activity of Oldenlandia corymbosa extracts — JBSPR

16.

17.

18.

19.

20.

21.

22.

determination of vitamin E. Analytical
Biochemistry, 1999;269(2):337-41.

Teruel MR, Garrido MD, Espinosa MC
and Linares MB. Effect of different

format-solvent rosemary extracts
(Rosmarinus  officinalis) on frozen
chicken = nuggets  quality.  Food

Chemistry, 2015;172:40-46.

Duh PD, Yeh DB and Yen GC.
Extraction and Identification of an
antioxidative component from peanut
hulls. J. Am. Oil Chem. Soc.,
1992;69:814-818.

Przybylski R, Lee YC and Eskin NAM.
Antioxidant and radical-scavenging
activities of buckwheat seed components.
1. Am. Oil Chem. Soc.,
1998;75(11):1595-1601.

Romero-Diez R, Rodriguez-Rojo S,
Cocero MJ, Duarte CMM, Matias AA
and Bronze MR. Phenolic
characterization of aging wine lees:
Correlation with antioxidant activities.
Food Chemistry, 2018;259:188-195.
Aziz MA, Nime MJ, Rahman MH,
Khatun Z, Habib MR, Siddika A et al.
Studies on antioxidant and antineoplastic
potentials of Oldenlandia corymbosa
Linn. leaves. Journal of Fundamental and
Applied Pharmaceutical Science,
2023;3(2):83-98.

Al Bashera M, Mosaddik A, El-Saber
Batiha G, Algarni M, Islam MA,
Zouganelis GD et al. In vivo and in vitro
evaluation of preventive activity of
inflammation and free radical scavenging

potential of plant extracts from
Oldenlandia corymbosa L. Applied
Sciences, 2021;11(19):9073.

https://doi.org/10.3390/app11199073

Dominguez-Avila JA, Villa-Rodriguez
JA, Montiel-Herrera M, Pacheco-Ordaz
R, Roopchand DE, Venema K et al.
Phenolic compounds promote diversity

23.

24.

25.

26.

27.

28.

ISSN: 2705-3245

of gut microbiota and maintain colonic
health. Digestive diseases and sciences,
2021;66(10):3270-3289.

Maan G, Sikdar B, Kumar A, Shukla R
and Mishra A. Role of flavonoids in
neurodegenerative diseases: limitations
and future perspectives. Current Topics
in Medicinal Chemistry,
2020;20(13):1169-1194.

Fabbrini M, D’Amico F, Barone M,
Conti G, Mengoli M, Brigidi Pet al.
Polyphenol and tannin nutraceuticals and
their metabolites: How the human gut
microbiota influences their properties.
Biomolecules, 2022;12(7):875.
https://doi.org/10.3390/biom12070875
Chaudhary A, Sharma S, Mittal A, Gupta
S and Dua A. Phytochemical and
antioxidant  profiling of  Ocimum
sanctum. Journal of Food Science and
Technology, 2020;57(10):3852-3863.
Kim KC and Kim JS. Physiological
activity of the extract from Dolwoe
(Gynostemma  pentaphyllum) Makino
leaves tea by different ethanol
concentrations. Journal of  Plant
Biotechnology, 2019;46(1):37-44.
Zielinski AA, Haminiuk CW, Alberti A,
Nogueira A, Demiate IM and Granato D.
A comparative study of the phenolic
compounds and the in vitro antioxidant
activity of different Brazilian teas using
multivariate statistical techniques. Food
Research International, 2014;60:246-
254.

Kowalska J, Marzec A, Domian E, Galus
S, Ciurzynska A, Brzezinska R et al.
Influence of tea brewing parameters on
the antioxidant potential of infusions and
extracts depending on the degree of
processing of the leaves of Camellia
sinensis. Molecules, 2021; 26(16):4773.
https://doi.org/10.3390/molecules26164
773.

60



