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Abstract

Colocasia affinis and Colocasia gigantea are two of commonly found species under Colocasia
genus. Folkloric use of these plants ascertains their ethnopharmacological importance and these
plants are eaten as vegetables in several regions all around the world while Colocasia gigantea has
planted as an ornamental plant too. Phytochemical screening of dichloromethane fractions of these
plants using several separation techniques along followed by *H-NMR and **C-NMR techniques
provide flavonoids and some other phyto compounds. However, in total 7 compounds were
isolated from these plants i.e. penduletin (1), 7,8 -(3",3"-dimethyl-pyrano)-4’-hydroxy flavonol
(2), mixture of 7,8 -(3",3"-dimethyl-pyrano)-4'-hydroxy flavonol from C. affinis and mixture of a-
amyrin and B-amyrin (3), penduletin (5), monoglyceride of stearic acid (6) from C. gigantea.
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Introduction

Since time immemorial the history of humankind has availed plant extracts of various plants to
treat and heal their physical agony (1) and from that ancient time plant and its extracts play a
pivotal role and confers therapeutic importance in world health care up to today (2). The gravity
of the plant extract resides on the fact that 80% of drug substances are either direct derivation of
natural component or a developed version of those natural moieties (3). Colocasia leaves have
demonstrated the ability of antidiabetic, antihypertensive, immunoprotective, neuroprotective and
anticarcinogenic activities. The detailed assessment of phytochemical compounds present in
various extracts of the leaves shows the presence of active chemical compounds like
anthraquinones, apigenin, catechins, cinnamic acid derivatives, vitexin, and isovitexin which are

possibly responsible for the exhibited biological properties (4).

The genus Colocasia is represented by 13 species worldwide (5) among which eight species were
found in Asia and the Malay Archipelago initially (6). In Bangladesh, so far this genus contains
the following nine species: C. gigantea (Blume) Hook. f., C. fallax Schott, C. affinis Schott, C.
esculenta (L.) Schott, C. oresbia A. Hay, C. heterochroma H. Li et Z.X. & Wei, C. virosa Kunth,
C. lihengiae C.L. Long et K.M. Liu, and C. mannii Hook. f. (7). Colocasia is a flowering plant
genus under Araceae family native to southeastern Asia and the Indian subcontinent which are
widely cultivated and naturalized in other tropical and subtropical regions (8). Genus of Colocasia
leaves has demonstrated the potentiality of antidiabetic, antihypertensive, immunoprotective,
neuroprotective, and anticarcinogenic activities (9). Phytochemical extraction and structure
elucidation of Colocasia leaves yield chemical compounds such as isoorientin, orientin,
isoschaftoside, Lut-6-C-Hex-8-C-Pent, vicenin, alpha-amyrin, beta-amyrin, mono glycerol stearic
acid, penduletin anthraquinones, apigenin, catechins, cinnamic acid derivatives, vitexin, and

isovitexin (9,10)

Colocasia affinis belongs to Araceae family is a perennial herb of 46 to 91 cm long and can be
found all over in Bangladesh (11). In Bangladesh locality, his plant is locally known as Kochu

which is also familiar as Dwarf elephant’s ear. In local community the plant leaves are believed
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effective in cataract treatment and also used as an iron rich soup boiled with coconut milk. Previous
study has reported that this plant has antioxidant, cytotoxic, antimicrobial, analgesic, anti-
inflammatory and dose dependent antidiarrheal activity (11). Colocasia gigantea is another species
under this genus which generally grows in Thailand and also some southeast Asian countries (12).
Tubers and leaf stalk of this plant is consumed in the Pacific islands similar to the people of India
and Bangladesh (12-14). Besides, “Bon curry”, a thai food is prepared using stem of C. gigantea.
C. gigantea is also used as folkloric medicine in Thailand to treat fever, stomach discomfort,
infections, drowsiness and to get rid of phlegm. Earlier research has documented anticancer
activity of tuber part of C. gigantea (15). The present work was carried on focusing the isolation

and identification of bioactive secondary metabolites from these two plants.

Materials and Method
General experimental procedures

Solvent-solvent partitioning was done by using the protocol designed by Kupchan and modified
by Van Wagenen et al., 1993 (16) to avail four fractions i.e. n-hexane, dichloromethane, ethyl
acetate and aqueous fraction. The *H-NMR and **C-NMR techniques were performed on a Bruker
VNMRS 500 instrument using CDCls as solvent and the chemical shifts were documented in ppm
keeping TMS as reference. Gel permeation chromatography (GPC/SEC) was carried over
Sephadex (LH-20) (Sigma-Aldrich) along with PTLC and TLC conducted on a silica gel 60 Fs4
on aluminum sheets at a thickness of 0.25 mm (Merck, Germany) which were observed under UV
lamp (UVGL-58, USA) at 254 and 365 nm. Visualization of developed plates were done after
spraying vanillin sulfuric acid mixture followed by heating for 5 minutes at 100° C.

Collection, identification and extraction of plant material

The leaves of C. affinis and C. gigantea were collected from Moulovibazar and Bandarban,
Bangladesh in May 2019. The plants were identified by the experts of Bangladesh National
Herbarium, Mirpur, Dhaka and voucher specimens (DACB; Accession no: 57065 and 57066

respectively) have been deposited for these collections. With a proper wash, the whole plants were
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85  sun-dried for several days to make it dried followed by grounding these to coarse powders by using
86  a high capacity grinding machine separately. 800 gm of the powdered material was of each plats
87  were taken in two clean, and round bottom flasks (5 liters) and soaked in 2.4 liters of methanol
88 individually. The containers were kept for a period of 30 days along with daily shaking and stirring.
89  The whole mixture acquired from two containers were then filtered through fresh cotton plug and
90 finally with a Whatman No.1 filter paper. The volume of two filtrates were then reduced through
91  using a Buchi Rotavapor at low temperature and pressure. The weight of the crude extract from C.
92  affinisand C. gigantea were found 71.25 gm and 60.82 gm respectively.

93
94
95
96
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(a) (b)

104
105
106  Figure 1: Images of Colocasia gigantea (a) and Colocasia affinis (b)
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110  Properties of isolated compounds

111 Penduletin (1 and 5): Pale yellow crystals, *H NMR (500 MHz, CDCls): &1 6.59 (s, H-8), 7.90
112 (d, J=7.90, H-2), 7.04 (d, J=7.2, H-3%), 7.04 (d, 7.2, H-57), 7.90 (d, J=7.2, H-67), 3.90 (s, 3-
113 Ome), 4.02 (s, 6-Ome), 4.04 (s, 7-Ome), 12.79 (s, 5-OH) ,6.37 (s, 47-OH)

114  BC NMR (500 MHz, CDCls): 6¢ 148.64, 139.68, 186.19, 159.34, 157.19, 103.75, 123.50, 128.04,
115  114.61, 162.68, 114.61, 128.04, 61.85, 55.56

116 7,8 -(3",3""-dimethyl-pyrano)-4’-hydroxy flavonol (2): White powder, *H NMR (500 MHz,
117  CDCls): 617.46 (1H, d,6.8), 6.86 (1H, d, J=6.8), 7.68 (2H, d, J=8.5), 7.68 (2H, d, J=8.5), 6.95(1H,
118 d, J=10),5.87 (1H, d, J=12.5)

119  BC NMR (500 MHz, CDCls): 8¢ 175.6, 99.1, 103.0, 100.5, 115.9, 154.8, 115.9, 110.0, 64.2

120  Mixture of 7,8 -(3"",3""-dimethyl-pyrano)-4'-hydroxy flavonol and 4',7,8- trihydroxy

121 flavonol (3): White powder, *H NMR (500 MHz, CDCls): 814 6.81 (1H, s, H-3), 7.46 (1H, d,

122 J=7.2,H-5),7.30 (1H, d,, J=7.2, H-6), 8.00 (2H, d, J=6.8, H-2"), 6.88 (2H, d, , J=6.8, H-3"),
123 6.88(2H, d,, J=6.8, H-57), 8.00 (2H, d, , J=6.8, H-6")

124 3C NMR (500 MHz, CDCls): 8¢ 151.6, 140.3, 123.4, 152.9, 136.0, 151.6, 124.8, 127.2, 161.4,
125 1272

126  Mixture of a-amyrin and p-amyrin (4): a-amyrin: White powder, *tH NMR (500 MHz, CDCl5):
127  8n5.28 (t, 1H, H-12), 3.24 (dd, 2H, J=4.4, 4.8, H-3), 1.16 (s, 3H, H-27), 1.11 (s, 6H, H-26), 1.01
128 (s, 6H, H-28), 0.98 (s, 6H, H-25), 0.93 (d, 3H, J=3.2, H-30), 0.82 (d, 3H, J=6.5, H-29), 0.80 (s,
129  6H, H-23), 0.79 (s, 6H, H-24)

130 B -amyrin: White powder, *H NMR (500 MHz, CDCl3): 81 5.31 (t, 1H, H-12), 3.24 (dd, 2H,
131  J=4.4, 4.8, H-3), 1.28 (s, 3H, H-27), 1.11 (s, 6H, H-26), 1.01 (s, 6H, H-28), 0.98 (s, 6H, H-25),
132 0.95 (s, 6H, H-29,30) 0.80 (s, 6H, H-23), 0.79 (s, 6H, H-24)

133 Monoglyceride of Stearic Acid (6): Colorless crystals, *H NMR (500 MHz, CDCls): Glycerol
134  backbone: -CH,-O-CO: 4.195 (2H, dd, J = 13.6, 5.6 Hz), -CH: 3.957 (1H, m), -CHa: 3.732 (2H,
135 dd, J=11.6, 4.0 Hz), 3.617 (1H, dd, J = 11.6, 5.6 Hz). Stearic acid part: -CH2-CO-0: 2.37 (t,
136  2H), -CH2: 1.64 (d, 2H), 4-CH2: 1.31 (d, 8H), 10-CH2: 1.25 (s, 20H), -CH3: 0.90 (t, 3H)

137
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Figure 2: Isolated compounds from Colocasia gigantea and Colocasia affinis.
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161 Results and discussion

162  Dichloromethane fraction of both plants were used in phytochemical screening and compound
163  isolation. A total of 3 compounds were elucidated from the dichloromethane soluble fraction of C.
164  affinis as a result of consecutive chromatographic separation and purification. The compounds
165 isolated from C. affinis are Penduletin (1), 7,8 -(3",3"-dimethyl-pyrano)-4'-hydroxy flavonol (2)
166  and mixture of 7,8 -(3",3"-dimethyl-pyrano)-4'-hydroxy flavonol and 4',7,8- trihydroxy flavonol
167  (3). Another 4 compounds were isolated from the dichloromethane soluble fraction of C. gigantea
168  following the same technique and those are mixture of a-amyrin and B-amyrin (3), penduletin (5)
169  (which was isolated from C. affinis also) and monoglyceride of stearic acid (6).

170

171 The HNMR spectrum of compound 1 and 5 (Figure 3) in CDCLs indicated the presence of 3-
172 methoxy groups at 61 4.04 (3H, s),61 4.02 (3H, s) and 6+3.90 (3H, s).The two paired of ortho
173 coupled (J= 7.2 Hz) doublets as 617.04 and dn 7.90 showed that ring B is monosubstituted at C-
174 47 .The peak at oy 12.79belongs to 5-OH .There is a one proton singlet at o4 6.59.There are 3
175  possible positions for this singlet which are C-3, C-6 and C-8. Another one proton singlet at on
176  6.37 could be assigned to the -OH group at C-47. All these *H NMR data are in close agreement
177  with the published value of Penduletin (17,18) where the singlet at 64 6.59 is at C-8 position and
178  three methoxy groups are at C-3, C-6 and C-7 positions. Thus, the structure of compound 1 and 5
179  can be concluded as Penduletin.
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192  Figure 3: *H NMR spectrum of compound 1 and 5 as Penduletin

193

194  The 'H NMR spectrum of compound 2 (Figure 4) showed two aromatic systems including one
195  1,4-disubstitued benzene ring with the doublet at 6y 7.68 (2H, d,J= 6.8 Hz),one tetra-substituted
196  benzene ring with the *H signals at 54 6.86 (1H, d,J= 6.8 Hz), 5n7.46 (1H, d,J= 6.8 Hz) and a
197  3”,3”-dimethyl-pyrano group in AS-17. The presence of 3”,3”-dimethyl-pyrano group can be
198  proved by two tertiary-methyl signals at dn 1.55 (6H, s) and two olefinic proton signals at 6H 5.87
199  (1H, d,J =10 Hz) and 6n 6.95 (1H, d,J=10 Hz).All these values of chemical shifts ae in close
200 agreement with the published values of Citrusinol except the presence of an extra aromatic proton
201 signal at which could be assigned to H-5.Another change in chemical shift of H-6 proton at én
202 6.86 differs largely in values which is at 6y 6.21 for Citrusinol (19). This high value of chemical
203  shift can be justified only if the position of oxygen atom of pyran ring is at C-8 rather than C-7.
204  Thus, the structure of compound 2 can be proposed as 7, 8-(3"”,3"-dimethyl-pyrano)-4'-hydroxy
205  flavonol.

206

207

208

CAS-1H

6.964
6939
6.869
6.851
6836
6.818
6330
6.208
5881
5856

209

—— 1555
1584
1.381
1254
0.942
7,669
1612
747
7470
7457
26

210
211

S-HE

212
213

214 : '

21 DA ‘ .
° / \u’l\‘ " | ! 0o

216 - o I b AR e U

142
00’k
690
1o
£5'0

217

YE6Z

7.50 7.00 650 &.00
ppm {f1)

218

219

220

221 Figure 4: 'H NMR spectrum of compound 2 as 8-(3",3""-dimethyl-pyrano)-4’-hydroxy
222 flavonol.
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The *H NMR spectrum (CDCls, 400 MHz) of compound 3 show signals that exactly matches with
that of compound 2 (7,8- (3",3"-dimethyl-pyrano)-4'-hydroxy flavonol). But the presence of
additional peaks suggests that the presence of another compound as mixture. The additional signals
include two para-coupled doublets with J=6.8Hz at 618.00 and 6+6.88, each integrating for two
protons which were assigned to the coupled H-2' and H-6', and H-3' and H-5' respectively. A
typical ortho-coupled signal for protons at C-5 and C-6 at 617.46 (1H,d,J= 7.2Hz) and at 617.30
(1H,d,J= 7.2Hz).All these additional proton signal values are in close agreement with that of
published values (20) with the structure (Figure 5) and characterized as 4',7,8- trihydroxy flavonol.
13C NMR also supports the argument. Thus, the structure of compound 3 appeared as a mixture of

4',7,8- trihydroxy flavonol with 7,8- (3”,3"-dimethyl-pyrano)-4'-hydroxy flavonol (compound 2)

in a ratio of 1:2 according to peak height in *H NMR spectrum.
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Figure 5: *H NMR spectrum of 4',7,8- trihydroxy flavonol from compound 3.
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248 The *H NMR spectrum (400 MHz, CDCls) of compound 4 (Figure 6) showed two triplets at §5.32
249  ppm and 65.28 ppm characteristic of olefinic proton (H-12) of a- and B-amyrin respectively. Apart
250 from that, eight singlet and two doublets of nCHz3 protons were identified in the range 611.28-0.79
251  ppm. The singlet at 640.89 (3H) and 6n 0.88 ppm (3H) indicated the presence of CH3-28. That
252 means that the analyzed component was not an acid with the carboxylic group at C-17. The peaks
253  of the methyl groups of a-amyrin were identified at d41.16 ppm (singlet; CHs-27), 610.93 ppm
254  (doublet-doublet; J= 3.2 Hz; CH3-30) and 610.82 pm (singlet; CHs-29). The protons of CHz-27,
255  CH3-29 and CHz3-30 groups of B-amyrin had peaks at 641.28 ppm (singlet; 3H; CH3-27), 610.95
256 ppm (singlet; 6H; CHs-29 and 30). The other signals were identical for both amyrins: 641.11 (6H,
257  s; CH3-26), 841.01 (6H, s; CH3-28), 610.98 (6H, s; CH3-25), 610.82 (6H, s; CH3-23), 8+0.80 (6H,
258 s; CHs-24). The above data enabled identification of compound 4 as a mixture of a- and f-amyrin
259  with the ratio of 4:3 based on the *H NMR peaks. This identity was further confirmed by direct
260  comparison of its tH NMR spectrum with that recorded for *H NMR of mixer of a-amyrin and f-
261 amyrin in CDCI3 (500 MHz, CDCl3) (21).

262
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273
274  Figure 6: *H NMR spectrum of compound 4 as mixture of a-amyrin and B-amyrin.
275
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277  The structure of compound 6 can be proposed as the monoglyceride of saturated fatty acid. The
278  'H NMR (400 MHz, CDCls) spectrum showed the signals at 81 4.195 (2H, dd, J = 13.6, 5.6 Hz),
279  6n 3.957 (1H, m) and 61 3.732 (2H, dd, J = 11.6, 4.0 Hz). This group of signals can be attributed
280  for the protons of the (-CH2-CH-CHa-) backbone (glycerol structure). The upfield peak at 6 0.903

281  with three proton intensity corresponds to one —CHs protons. Two additional distinct group of
282  upfield signals at 6n 2.374 (2H,t, J=7.6 Hz), dn 1.64 (2H, m), én 1.313 (8H, m) and 6+ 1.25 (20H,
283  m) could correspond to 16 (sixteen) methylene groups. The presence of an additional oxymethine

284  proton in the carbon chain can be justified by the signal at 64 3.617 (1H, dd, J = 11.6, 5.6 Hz).

285  Comparing all the spectral data the structure of the compound 5 with previously documented study

286  (22) can be concluded as monoglycerides of stearic acid with the structure drawn in Figure 7.

28
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H NMR spectrum of compound 6 as Monoglyceride of Stearic Acid.
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Conclusion

Seven compounds were isolated from two plants among which penduletin was found in both
species. On the basis of these spectral data, the structures of the isolated compounds were
characterized and it is visible that both plants contain several types of flavonoids and due to this
these Colocasia plants can be considered as well spring of bioactive phytoconstituents to establish

new drug molecules and deserve more intensive researches.
Acknowledgements
The authors are grateful to Department of Pharmaceutical Chemistry, University of Dhaka

Conflict of Interest

The authors declare that they have no competing interests.

Funding

This work is managed to perform with the individual funding of all authors.
Authors Contribution

All authors contributed equally.

Availability of data and materials

Not applicable.

Reference

1. Mukul, S.A., Uddin, M.B. and Tito, M.R., 2007. Medicinal plant diversity and local healthcare
among the people living in and around a conservation area of Northern
Bangladesh. International Journal of Forest Usufructs Management, 8(2), pp.50-63.

2. Yadav, J.P., Kumar, S. and Siwach, P., 2006. Folk medicine used in gynecological and other
related problems by rural population of Haryana.

3. Maridass, M. and De Britto, A.J., 2008. Origins of plant derived medicines. Ethnobotanical
Leaflets, 2008(1), p.44.


https://doi.org/10.1101/2020.10.27.357590
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.10.27.357590; this version posted October 28, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

329 4. Gupta, K., Kumar, A., Tomer, V., Kumar, V. and Saini, M., 2019. Potential of Colocasia leaves
330 in human nutrition: Review on nutritional and phytochemical properties. Journal of food
331 biochemistry, 43(7), p.e12878.

332 5. Yin J-T, editor Colocasia tibetensis (Araceae, Colocasieae), a new species from southeast
333 Tibet, China. Annales Botanici Fennici; 2006: JSTOR.

334 6. Mayo S, Bogner J, Boyce P. The Genera of Araceae Royal Botanical Gardens. London, uK.
335 1997.

336 7. Ara H. Araceae In: Siddiqui. KU, Islam, MA, Ahmed, ZU, Begum, ZNT, Hassan, MA,
337 Khondker, M, Rahman, MM, Kabir, SMH, Ahmad, M, Ahmed, ATA, Rahman, AKA and
338 Haque, EU (eds) Encyclopedia of Flora and Fauna of Bangladesh. 2007;11:19-98.

339 8. Wagner W, Herbst D, Sohmer S. Manual of the flowering plants of Hawai ‘i. University of
340 Hawai ‘i Press. Bishop Museum Special Publication. 1990;83.

341 9. Gupta K, Kumar A, Tomer V, Kumar V, Saini M. Potential of Colocasia leaves in human

342 nutrition: Review on nutritional and phytochemical properties. Journal of food biochemistry.
343 2019;43(7):e12878.

344 10. Liu B, Liu Y, Cao W, Zhang S, Liu Z, Ni Y, et al. Ethnobotany of Medicinal Aroids in
345 Xishuangbanna, Yunnan Province, China. Aroideana. 2014:69.

346  11. Mondal, M., Hossain, M.S., Das, N., Khalipha, A.B.R., Sarkar, A.P., Islam, M.T., Smrity, S.Z.,
347 Biswas, S. and Kundu, S.K., 2019. Phytochemical screening and evaluation of
348 pharmacological activity of leaf Methanolic extract of Colocasia affinis Schott. Clinical
349 Phytoscience, 5(1), p.8.

350  12. Manner, H.1., 2011. Farm and forestry production and marketing profile for Giant Swamp Taro
351 (Cyrtosperma chamissonis). Specialty crops for Pacific Island agroforestry. Permanent
352 Agriculture Resources (PAR), Holualoa.

353 13. Kay, D.E., 1987. Crop and Product Digest No. 2-Root Crops 2nd edn, revised by
354 Gooding. EGB Tropical Development and Research Institute, London.

355  14. Ivancic A, Roupsard O, Garcia JQ, Melteras M, Molisale T, Tara S, et al. Thermogenesis and
356 flowering biology of Colocasia gigantea, Araceae. Journal of plant research. 2008;121(1):73-
357 82.

358 15. MEng, A.P. and Amornpun Sereemaspun, M.D., 2015. Anticancer activity of selected
359 Colocasia gigantia fractions. J Med Assoc Thali, 98(1), pp.S98-S106.


https://doi.org/10.1101/2020.10.27.357590
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.10.27.357590; this version posted October 28, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

360 16. VanWagenen, B.C., Larsen, R., Cardellina, J.H., Randazzo, D., Lidert, Z.C. and Swithenbank,
361 C., 1993. Ulosantoin, a potent insecticide from the sponge Ulosa ruetzleri. The Journal of
362 Organic Chemistry, 58(2), pp.335-337.

363 17. Wang, Y., Hamburger, M., Gueho, J. and Hostettmann, K., 1989. Antimicrobial flavonoids
364 from Psiadia trinervia and their methylated and acetylated derivatives. Phytochemistry, 28(9),
365 pp.2323-2327

366  18. Makhmoor, T. and Choudhary, M.Il., 2010. Radical scavenging potential of compounds
367 isolated from Vitex agnus-castus. Turkish Journal of Chemistry, 34(1), pp.119-126.

368  19. Qing-Hui, W.A.N.G., Shuai, G.U.O., Xue-Yan, Y.ANN.G., ZHANG, Y.F., SHANG, M.Y.,

369 SHANG, Y.H., Jun-Jun, X.LA.O. and Shao-Qing, C.A.l., 2017. Flavonoids isolated from
370 Sinopodophylli Fructus and their bioactivities against human breast cancer cells. Chinese
371 journal of natural medicines, 15(3), pp.225-233.

372 20. Ponce, M.A., Bompadre, M.J., Scervino, J.M., Ocampo, J.A., Chaneton, E.J. and Godeas,
373 A.M., 2009. Flavonoids, benzoic acids and cinnamic acids isolated from shoots and roots of
374 Italian rye grass (Lolium multiflorum Lam.) with and without endophyte association and
375 arbuscular mycorrhizal fungus. Biochemical Systematics and Ecology, 37(4), pp.245-253.
376  21. Migas, P.I.O.T.R., Cisowski, W.0.J.C.I.LE.C.H. and Dembinska-Migas, W., 2005. Isoprene
377 derivatives from the leaves and callus cultures of Vaccinium corymbosum var. bluecrop. Acta
378 Pol Pharm, 62(1), pp.45-51.

379  22. Kavadia, M.R., Yadav, M.G., Odaneth, A.A. and Lali, A.M., 2017. Production of glycerol
380 monostearate by immobilized Candida antarctica B lipase in organic media. Journal of Applied
381 Biotechnology & Bioengineering, 2, pp.1-7.

382


https://doi.org/10.1101/2020.10.27.357590
http://creativecommons.org/licenses/by/4.0/

