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Background: Traditionally, Grewia optiva is widely used for the treatment of many diseases

like dysentery, fever, typhoid, diarrhea, eczema, smallpox, malaria and cough.

Methods: Shade-dried roots of G. optiva were extracted with methanol. Based on HPLC

results, chloroform and ethyl acetate fractions were subjected to silica column isolation and

four compounds: glutaric acid (V), 3,5 dihydroxy phenyl acrylic acid (VI), (2,5 dihydroxy

phenyl) 3',6',8'-trihydroxyl-4H chromen-4'-one (VII) and hexanedioic acid (VIII) were

isolated in pure form. Ellman’s assay was used to determine the anticholinesterase potential

of isolated compounds while their antioxidant potential was estimated by DPPH and ABTS

scavenging assays.

Results: Amongst the isolated compounds,VI andVII exhibited excellent percent inhibition of

acetylcholinesterase (AChE) and butyrylcholinesterase (BChE) (83.23±1.11, 82.72±2.20 and

82.11±2.11, 82.23±1.21, respectively, at 1000 µg/mL) with IC50 of 76, 90, 78 and 92 µg/mL,

respectively. Highest percent radicals scavenging against DPPH and ABTS (87.41±1.20 and

86.13±2.31) with IC50 of 64 and 65 µg/mL, respectively, were observed for compound VII.

Molecular docking studies also supported the binding of compound VI and VII with the target

enzyme. The para-hydroxyl group of the phenolic moiety is formed hydrogen bonds with the

active site water molecule and the side chain carbonyl and hydroxyl residues of enzyme.

Conclusion: The isolated compounds inhibited the DPPH and ABTS-free radicals, and

AChE and BChE enzymes. It was concluded that these compounds could be used in relieving

the oxidative stress and pathological symptoms associated with excessive hydrolysis of

acetyl and butyryl choline. The results of the study were supported by docking studies for

compounds VI and VII.

Keywords: G. optiva, antioxidant, acetylcholinesterase, butyrylcholinesterase, molecular

docking

Introduction
Grewia optiva belongs to the family Tiliaceae, having almost 150 species dispersed

widely in various parts of the world, mainly in tropical and subtropical regions.Most of

the species belonging to genus Grewia are reported from India, northern territories of

Pakistan and Bangladesh, South Africa, Northern Australia, China, Thailand,

Madagascar and Malaysia. Ten species have been reported up till now from Pakistan

and are used to cure fever, dysentery, cough, malaria, typhoid, smallpox, eczema and

diarrhea by local communities. Previously, antibacterial, antioxidant and antimalarial

activities have been reported for many species of this genus.1,2
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In human body, a number of reactive/hazardous sub-

stances are continuously produced which are detoxified by

the intricate body machinery. However, human is prone to

a number of threats not posed by nature but created by

human itself like industrial contaminants and excessive

use of seasoning agent in food which leads to the forma-

tion of excessive amounts of free radicals than the body

detoxifying capacity. Plants, like human, have intricate

systems and being self-nourished they can produce sec-

ondary metabolites if they face threats from surrounding

environment. Therefore, plants all over the world have

been explored by scientists to isolate compounds for cur-

ing other diseases and oxidative stress.3–7 The compounds

that help in relieving oxidative stress are called antioxi-

dants. Although in food industries the preservatives in use

are synthetic antioxidants, they have shown toxic and

carcinogens properties.3,8–12 As plant products are asso-

ciated with low side effects, isolation of antioxidants from

plant origin is the cry of the day.

A very common neurodegenerative syndrome caused

by behavioral turbulence, limitation in the routine activ-

ities and cognitive dysfunction is called Alzheimer disease

(AD), which is reported to have its maximum incidence

amongst the old age peoples.13 Acetylcholine (ACh) and

butyrylcholine (BCh), the important neurotransmitters and

dynamic in the procurement and storage of transmitted

memory, have an important role in the impulse transmis-

sion through the synapse. It is found that the levels of ACh

and BCh are insufficient in AD.14 To restore and control

the activities of ACh and BCh at the synapse, inhibitors of

acetylcholinesterase (AChE) and butyrylcholinesterase

(BChE) are used. Two natural occurring compounds

including rivastigmine and galanthamine are clinically

approved inhibitors of cholinesterase.15,16 However, they

are not 100% efficient and new plants are under investiga-

tion to isolate efficient inhibitors of the mentioned

enzymes.

Compounds like nitidanin, grewin, Harman, contanoic

acid, vitexin and gulonic acid have been reported from

different species of genus Grewia.17,18 Heneicosanoic

acid, β-sitosterol, propyl palmitate and catechin have

been isolated from G. Biloba by Liu.19 Ahamed reported

γ-lactone and Gulconic acid from G. tiliafolia in 2009.

Later on, he also isolated lactone, gluonic acid and D-

erythro-2-hexenoic acid from the same plant.17,20

Compounds with anti-diabetic potential, viz., cyclopenta-

deca-4, 12-dienone from Grewia hirsute have been

reported by Abirami.21 Tridecanoic acid, Octanoic acid,

Eicosanoic acid and Octadecatrienoic acid from Grewia

tenax have been reported by Mital.22

After extensive review of literature, we found that

roots of G. optiva have not been investigated for phyto-

chemicals so far. So this study was designed to isolate

compounds from the roots of G. optiva, which resulted in

the isolation of four active chemical constituents (from

chloroform and ethyl acetate fractions): glutaric acid (V),

3,5 dihydroxy phenyl acrylic acid (VI), (2,5 dihydroxyl

phenyl) 3',6',8' trihydroxyl-4H chromen −4'- one (VII) and
Hexanedioic acid (VIII). The structures of new com-

pounds have been confirmed through 1D, 2D NMR and

LC-MS spectroscopic analysis. The in-silico molecular

docking of the synthesized compounds was performed

using AChE and BChE crystal structure (PDB ID:

1ACL, 4BOP) to ascertain the role of different function-

alities in the formation of ligand protein complex.

Materials and methods
For isolation of active compounds, silica gel column

(mesh size 70–230, E. Merck, 0.063–0.200 Mm) was

used. Purification of compounds was carried by Biotage

Grace and HPLC. Preparative TLC was done with the help

of silica gel 60 PF254 (E. Merck). The compounds were

visualized with the help of solid iodine and CeSO4 spray

and detected at 254 and 266 nm.1 H and13 C NMR, COSY,

DEPT, HMBC and HSQC spectra were drawn through

Bruker Spectrometers (Avance Av 500, 600/150 MHz)

and chemical shifts (δ) in ppm/coupling constants (J) in

Hz were measured.

Plant materials
The roots of the selected plant were collected from village

Sia Haidar, Lower Dir, KPK, Pakistan, in March 2016.

The plant was authenticated by an expert from the

Department of Botany, University of Malakand and vou-

cher specimen (1022HU) was deposited in Herbarium of

University.

Extraction and fractionation
About 5 kg root samples were cleaned to remove dust

using tap water which were then dried in shade for a few

weeks. The dried roots were then mechanically ground to

fine powder and macerated in methanol:water (95:5) mix-

ture for 3 days. At the end of this period, the solvent was

allowed to settle down, decant (without disturbing the

sediment) and filtered using Whattman filter paper. The

solvent was removed using a rotary evaporator under
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vacuum at 45ºC and crude extract of about 400 g in semi-

solid state was obtained. The crude extract was fractio-

nated into aqueous, chloroform, ethyl acetate, butanol and

n-hexane fractions. Almost all crude extract (400 g) was

added into 1800 mL of distilled water and fractionated

through solvent/solvent extraction. Based on HPLC

results, chloroform and ethyl acetate fractions were found

rich in bioactive compounds and were subjected to column

isolation.

The ethyl acetate and chloroform soluble fractions were

subjected to evaporation under vacuum to get gummy resi-

due of ethyl acetate (23 g) and chloroform (31 g) which

were separately subjected to isolation through column chro-

matography. The process of elution was performed with n-

hexane–ethyl acetate in an increasing order of polarity.

After elution, few of the fractions were recombined on the

basis of TLC profiling to afford twenty fractions.

The fraction (A-16) was eluted from the chloroform

main fraction that yielded C-4 and C-5 sub-fractions.

These were recombined on the basis of TLC analysis and

further eluted using pencil column which leads to the

formation of impure crystals. These crystals were collected

and washed with non-polar organic solvents to yield 22 mg

of compound (V).

The fraction (A-12) was subjected to Biotage (normal

phase chromatography) and obtained Z-1 to Z-4 fractions.

The Z-2 fraction was further analyzed using Grace

Column (Reverse phase chromatography) and obtained

D-2 fraction which was subjected to LC-MS but only a

few impurities were detected. To remove the impurities, it

was further subjected to HPLC and the compound (VI)

weighing about 21 mg was purified, later confirmed by

LC-MS.

The fraction (A-1) was subjected to Biotage and

obtained Z-10 to Z-17 fractions. TLC analysis revealed

that some of these fractions have same RF values, so they

were combined and subjected to Grace Column. After treat-

ing with Grace Column, compound (VII) was obtained

along with impurities, which were removed using HPLC.

At last, 18 mg of this compound was obtained.

The fraction (A-11) was subjected to Biotage and

obtained Z-22 to Z-32 fractions. Z-24 was further run on

Grace Column and V-11 fraction was obtained, which was

later on subjected to LC-MS analysis for the detection of

impurities. The impurities were removed by HPLC and 24

mg of compound (VIII) was obtained which was purified

and confirmed by LC-MS.

DPPH antioxidant assay
The values of antioxidant potential of the isolated compounds

were calculated using diphenyl picrylhydrazyl (DPPH)

assay.23 About 10 mg of DPPH was dissolved in 50 mL of

methanol which was further diluted to adjust its absorbance to

0.70 at 515 nm. For the generation of free radicals, the stock

solution was put in dark for 24 hrs. Sample solutions were

prepared by dissolving 5 mg of the isolated compounds in 5

mL methanol. Different diluted solutions having concentra-

tions 62.5, 125, 250, 500, 1000 μg/mL were prepared and 1.5

mL from each sample solutions were mixed with 1.5 mL

DPPH and incubated for 15 mins. Percent DPPH scavenging

by the isolated compoundswas determined using the following

relation:

Percent scavenging ¼ A� B
A

X100 (i)

A = Control absorbance, B = Sample absorbance.

ABTS antioxidant assay
The isolated compounds were also tested by another anti-

oxidant assay (ABTS) using already reported procedure in

literature.24,25 Different dilutions of samples prepared in

the above step were added to ABTS solution and incu-

bated for 15 mins. After incubation, the absorbance was

measured at 745 nm. Scavenging activities of isolated

were calculated by equation (i).

Anticholinesterase assay
To evaluate the isolated compounds for their AChE and BChE

inhibitory potential Ellmen’s assay was used with slight

modifications.14,15,23,24 Standard solutions of compounds

were prepared by dissolving 5 mg of isolated compounds in

5 mL of methanol, each of which was further diluted to

prepare working standards (125, 250, 500, 1000 μg/mL).

Enzyme and substrate solutions were prepared in 6.8 PH

phosphate buffer solutions. Following standard procedure of

Ellmen’s assay, the samples after 15 mins incubation were

subjected to UV/Visible analysis. The absorbance values were

inserted in following relations to calculate reaction rate, per-

cent inhibition and activities of the enzymes.

V ¼ ΔAbs
ΔT

(ii)

Percent enzyme activity ¼ V

Vmax
x100 (iii)

Percent enzyme inhibition¼ 100� percent enzyme activity

(iv)
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Molecular docking simulations
In the present study, all the isolated compounds (V–VIII)

were subjected to molecular docking simulation studies for

the possible binding orientations with the crystal structure

of the AChE and BChE. For this purpose, we used the

crystal structure of the AChE and BChE (PDB: 1ACL,

4BOP) from the RCSB Protein Data Bank. All ligands

were prepared by (Schrödinger) Lig: prepared in their

neutral form and optimizing their conformation in the

OPLS-3 force field. The protein structure was prepared

by using the Protein Preparation (Schrödinger) for adding

hydrogen and setting protonation states appropriate at pH

7. The receptor grid box was defined as 20 Å box with the

active site water molecule in its center. Molecular Docking

was performed with Glide (Schrödinger) using XP extra

precision with evasion settings and glide scoring function,

reporting the 15 top-ranked poses for each ligand. Visual

review of the binding pose and generation of figure was

done with (Schrödinger) Maestro.26

Results and discussion
Our exploration led to the isolation of four compounds (V–

VIII) from chloroform and ethyl acetate fractions. The

chemical structures of these compounds have been pre-

sented in Figure 1.

Glutaric acid (V)
Glutaric acid is an amorphous solid having melting point

95–99°C and is slightly soluble in water. LR-EI-MS

confirm its molecular formulae C5H8O4 and molecular

mass giving molecular ion peak [M+] at 131.12 g/mol.
1H NMR (600 MHz, Methanol-d4): δ 2.38 (t, J =7.4 Hz,

4H,H-2, 4), 1.89 (p, J =7.4 Hz, 2H,H-3), 12.01 (s, 2H,H-1, 5).
13C NMR (151 MHz, Methanol-d4): δ 19.95 (C-3),

32.52 (C-2, 4), 175.50 (C-1, 5). HMBC, HSQC and COSY

also confirm the structure.

3,5 dihydroxy phenyl acrylic acid (VI)
The 3,5 dihydroxy phenyl acrylic acid is an amorphous

solid, slightly soluble in water and have melting point

222–228°C. LR-EI-MS confirm its molecular formulae

C9H8O4 giving molecular ion peak [M+] at 180.16 g/mol.
1H NMR (600 MHz, DMSO-d6): δ 7.41 (d, J =15.8 Hz,

1H, H-6), 7.02 (d, J =2.1 Hz, 1H, H-2), 6.96 (dd, J =8.2, 2.1

Hz, 1H, H-4), 6.76 (d, J =8.1 Hz, 1H, H-7), 6.17 (d, J =15.8

Hz, 1H, H-8), 9.13 (s, 1H, H-3), 9.52 (s, 1H, H-5).
13C NMR (151 MHz, DMSO-d6): δ40.09 (C-9),

115.09 (C-4), 116.19 (C-6), 121.60 (C-7), 126.15 (C-8),

145.04 (C-1), 146.01 (C-2), 148. 59 (C-5), 168.37 (C-3).

HMBC, HSQC and COSY also confirm the structure.

(2,5dihydroxyl phenyl) 3',6',8' trihydroxyl-

4H chromen-4'- one (VII)
The (2,5dihydroxyl phenyl) 3',6',8' trihydroxyl-4H chro-

men −4'- one is an amorphous solid, melting point is 312–

316°C and is soluble in water. LR-EI-MS confirm its

molecular formulae C15H10O7 giving molecular ion peak

[M+] at 302.23 g/mol.
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Figure 1 Structures of bioactive compounds (V–VIII) isolated from roots of G. optiva.
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1H NMR (600 MHz, DMSO-d6): δ10.78 (s, 1OH,

H-6'),9.59 (s, 1OH, H-8'),9.36 (s, 1OH, H-3'),9.30 (s,

1OH, H-2), 7.68 (d, J =2.2 Hz, 1H, H-3), 7.54 (dd, J

=8.5, 2.2 Hz, 1H, H-4), 6.89 (d, J =8.4 Hz, 1H, H-6), 6.41

(d, J =2.1 Hz, 1H, H-9'), 6.17 (d, J =6 Hz, 1H, H-7').
13C NMR (151 MHz, DMSO-d6): δ93.80 (C-9'),

98.64 (C-7'), 103.46 (C-5'), 115.52 (C-1,6), 116.06 (C-4),

120.43 (C-3), 136.19 (C3'), 145.52 (C-2',8), 147.27 (C-

5,6'), 148.16 (C-2,10), 164.38 (C-4'). HMBC, HSQC and

COSY also confirm the structure.

Hexanedioic acid (VIII)
Hexanedioic acid is an amorphous solid; slightly soluble in

water and having melting point 152.1°C. LC-MS confirm

its molecular formulae C6H10O4, giving molecular ion

peak [M+] at 146.14 g/mol.
1H NMR (600 MHz, DMSO-d6): δ 2.20 (ddt, J =7.4 Hz,

4H, 2CH2), 1.50 (h, J =3.3 Hz, 4H, 2CH2), 10.32 (s, 2OH).

13C NMR (151 MHz, DMSO-d6): δ24.47 (C-3,4),

33.82 (C-2,5), 174.81 (C-1,6).

Antioxidant potentials of isolated

compounds (V–VIII)
Table 1 shows the antioxidant ability of the isolated bioactive

compounds determined through DPPH and ABTS assays.

CompoundsVI andVII showed highest scavenging capabil-

ities (85.21±1.10 and 84.13±2.1 at 1000 μg/mL) of DPPH

radical with IC50 values of 65 and 64 μg/mL, respectively,

followed by compound V (IC50=72 μg/mL, percent inhibi-

tion=82.13±1.21). The compounds that most potently sca-

venged ABTS-free radical were VI and VII again showing

excellent percent inhibition of 84.13±2.11 and 86.13±2.31 at

1000 μg/mL, respectively, with IC50 of 67 and 65 μg/mL.

Positive control ascorbic acid was used and its IC 50 value

was about 35 μg/mL. Other two compounds also showed

good inhibitory potential against ABTS-free radical.

Table 1 Antioxidant potential of compounds V–VIII isolated from Grewia optiva

Samples Concentrations

(μg/mL)

DPPH % inhibition

(mean ± S.E.M)

DPPH IC50

(μg/mL)

ABTS percent inhibition

(mean ± S.E.M)

ABTS IC50

(μg/mL)

Compound V 1000 82.13±1.21** 72 81.21±1.31** 74

500 72.19±1.63** 75.93±1.81**

250 64.15±0.94** 63.14±2.10***

125 57.13. ±1.90*** 55.15±2.51**

62.5 48.79±3.33*** 47.45±2.06**

Compound VI 1000 85.21±1.10** 65 84.13±2.11** 67

500 73.19±1.17** 76.23±2.91**

250 65.64±1.84** 65.24±1.03***

125 56.19. ±1.18*** 56.21±2.11**

62.5 49.68±2.31*** 49.18±1.26**

Compound VII 1000 87.41±1.20** 64 86.13±2.31** 65

500 78.49±1.17** 77.19±2.10**

250 69.53±1.11** 67.14±1.10***

125 56.19. ±1.30*** 57.19±1.11**

62.5 49.72±3.01*** 49.70±1.06**

Compound VIII 1000 81.64±2.76*** 118 80.23±1.37** 125

500 72.84±1.87** 70.10±1.20**

250 63.13±2.17** 62.19±0.90***

125 51.10±2.39*** 50.02±1.11**

62.5 41.17±1.97*** 41.70±1.06**

Ascorbic acid 1000 94.88±1.63 35 93.41±0.73 35

500 87.21±0.75 83.76±1.16

250 78.89±1.34 77.64±3.06

125 65.30±2.05 64.06±1.15

62.5 55.05±1.54 55.51±1.09

Notes: Data presented as mean ± S.E.M; n=3. Values significantly different as compared to positive control, P>0.05, **P<0.05, ***P<0.001. Ascorbic acid was used as a

positive control.
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Anticholinesterase potentials of isolated

compounds
A number of pathological conditions relating to nervous coor-

dination of human bodies are associated with the reduction of

ACh and BCh levels. Their constant level can be restored if

AChE and BChE are inhibited. The AChE and BChE percent

inhibition by isolated compounds and their 1C50values are

presented in Table 2. Compounds VI and VII showed excel-

lent inhibition with the IC50 values of 76 and 90 μg/mL (87.66

±1.93 and 82.72±2.20% inhibition) respectively, against

AChE. Compounds V and VIII also showed good percent

inhibition (79.13±1.42 and 79.61±2.10) with IC50 of 118 and

122 μg/mL, respectively.

Compounds VI and VII were again good inhibitors of

BChE (IC50 value of 78 and 92 μg/mL, and percent inhibition

82.11±2.11 and 82.23±1.21). Compounds V and VIII mod-

erately inhibited BChE with IC50 of 123 and 124 μg/mL,

respectively. As a positive control, galanthamine was used.

Compounds VI and VII exhibited highest potentials against

the studied enzymes; therefore, molecular docking studies

were performed for these two to support the finding of the

study.

Molecular docking studies
The computational docking studies were performed to

predict the most favorable binding mode inside the

binding pockets of the two proteins with suitable orien-

tation in terms of docking score. The findings were

counter varified from IC50 values in the anticholinester-

ase assay compounds VI and VII as both of them have

shown excellent potential against AChE and BChE. The

molecular structures of both of them showed excellent

interaction with the enzyme crystal structures with the

docking score of −9.64 and −8.31 Kcal/mol against

Table 2 Anticholinesterase activities of the bioactive compounds (V–VIII) isolated from Grewia optiva

Samples Concentrations

(μg/mL)

Percent AChE

(mean ± SEM)

AChE IC50

(µg/mL)

Percent BChE

(mean ± SEM)

BChE IC50

(µg/mL)

Compound V 1000 79.13±1.42*** 118 78.91±1.61*** 123

500 70.23±1.51*** 69.12±2.24**

250 61.44±2.09*** 60.77±1.22***

125 51.09±2.18** 50.15±2.01**

62.5 41.19±1.71*** 40.10±1.13*

Compound VI 1000 83.23±1.11** 76 82.11±2.11** 78

500 74.29±1.40** 74.13±2.61**

250 65.21±1.14** 63.43±1.20***

125 56.11±1.10*** 54.25±2.51**

62.5 48.19±3.34*** 48.02±2.06**

Compound VII 1000 82.72±2.20** 90 82.23±1.21** 92

500 71.29±2.57** 71.13±1.81**

250 63.41±2.14** 62.14±2.13***

125 54.16±2.28*** 53.21±2.11**

62.5 45.77±2.31*** 45.18±2.16**

Compound VIII 1000 79.61±2.10** 122 78.23±1.31** 124

500 71.19±2.37** 71.29±1.10**

250 62.11±2.41** 61.24±2.10***

125 50.29±2.10*** 50.11±2.16**

62.5 41.71±3.01*** 40.60±1.06**

Galanthamine 1000 94.11±1.56 40 93.89±0.81 40

500 86.17±1.50 85.14±2.06

250 77.13±1.08 77.08±2.26

125 64.15±2.70 64.42±1.85

62.5 53.71±2.31 53.52±1.69

Notes: Data presented as (mean ± S.E.M) n=3. Values significantly different as compared to positive control, P>0.05 *P<0.05, **P<0.01, ***P<0.001. Galanthamine was used

a positive control.
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AChE and −7.22 and −6.12 Kcal/mol against BChE,

respectively. Such lower values indicate very decent

fitness of the compound in the binding pocket of the

protein showing that compound has established good

interaction with protein. The selected pose of compound

VII was visualized in order to determine the amino

acids involved in binding with the ligand to the crystal

structure of the protein. Here, the phenolic moiety of the

compound interacts with the enzyme through strong H-

bond (2.33A°) between the hydroxyl and the NH2 group

of the active site (Gly119) of AChE. The PHE 331

(2.11A°) and SER 200 (2.33A°) of the active site were

also interacted with OH of the ligand through H-bond.

On the other hand, ILE-315 and LYS-327 amino acids

of the active sites of BChE interact with ligand mole-

cules by H-bond (2.05 A°, 1.44 A°); HOH-2016 of the

protein molecule also interact with the said ligand (1.92

A°). Surface and ball and stick representation of

the docking pose in the active site of AChE and BChE

(1 ACL, 4BOP), showing the highly ranked pose for

active compound VII (green). It was predicted that

inhibitor bind with the active site in the space close to

the water molecule.

The selected pose of compound VI was also visualized

in order to find out binding of the amino acids of AChE in

the crystal structure of the protein, involved with the ligand.

Here), PHE-331 interact (2.30 A°) with phenolic moiety of

the ligand. SER-200 also form H-bonding (1.80 A°) with

the hydroxyl group of the ligand. In case of BChE, ATG-33

interact with water, ASP-332 and ARG-323 form strong H-

bond interaction (2.06A°, 1.58 A°) with the hydroxyl group

of ligand

Conclusion
In this study, we isolated four bioactive compounds,

namely, glutaric acid (V), 3,5-dihydroxy phenyl acrylic

acid (VI), (2,5 dihydroxyl phenyl) 3',6',8' trihydroxyl-4H

chromen −4'- one (VII) and Hexanedioic acid (VIII).

Although they have been reported previously from genus

Grewia, for the first time they are reported from the roots

of G. optiva. Compounds VI and VII showed strong antic-

holinesterase and antioxidant potentials. Though the

potency of these compounds was less compared to the

standard drugs, so far its dual efficiency (enzymes inhibi-

tion and free radicals scavenging capacity) may be of

probable benefit. Docking studies of compounds VI and

VII (be used as anticholinesterase inhibitors) support the

finding of the study.

Availability of data
The data will be provided in the form of a thesis, and

images for the molecular docking studies are also avail-

able, by request to the corresponding author.
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