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Exploring the anti-obesity bioactive compounds of
Thymelaea hirsuta and Ziziphus spina-christi
through integration of lipase inhibition screening
and molecular docking analysist
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Activity-guided fractionation of the ethanolic extracts of Thymelaea hirsuta and Ziziphus spina-christi
furnished eight compounds with pancreatic lipase inhibitory activity. Six compounds were isolated from
the chloroform fraction of T. hirsuta. It is worth mentioning that this is the first report for the isolation of
5,7,4'-trihydroxy-8-methoxycarbonyl flavanol (2), daphnodorin G-3"-methyl ether (4) and daphnodorin G
(5) from genus Thymelaea. Moreover, daphnoretin (1), neochamaejasmin A (3) and daphnodorin B (6)
were also isolated from the chloroform fraction of the same plant. On the other hand, quercetin 3-O-a-
L-rhamnopyranosyl-(1 — 2)-[a-L-rhamnopyranosyl-(1 — 6)]-B-bp-galactopyranoside (7) and 3-O-[o-L-
fucopyranosyl-(1 — 2)-B-p-glucopyranosyl-(1 — 3)-a-L-arabinopyranosyl] jujubogenin (christinin A) (8)
were isolated from the n-butanol fraction of Z spina-christi. Structure elucidation of the isolated
compounds was carried out by detailed analysis of 1D and 2D spectral data. These compounds showed
percentage inhibitions of 72% (1), 52% (2), 61.8% (3), 39% (4), 69.5% (5), 3.5% (6), 68% (7) and 75% (8) at
the concentration of 250 uM and XP-G scores of lipase inhibition were 11.40 (1), 8.71 (2), 6.13 (3), 8.23
(4), 6.22 (5), 9.76 (6), 14.66 (7) and 12.00 (8). This is the first report of the isolation of lipase inhibitors
from both plants T. hirsuta and Z. spina-christi. In addition to that, this might result in presenting the
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1. Introduction

Obesity is a “New World Syndrome”. It is considered as a risk
factor for chronic diseases including, cardiovascular diseases,
type 2 diabetes, hypertension, and stroke.*?

Pancreatic lipase is the principal lipolytic enzyme synthe-
sized and secreted by the pancreas which is responsible for
digestion of 50-70% of dietary fats.** Reduction of the fat
digestion and hence, the absorption of dietary lipids in the
gastrointestinal tract through the inhibition of pancreatic lipase
is an important approach for the treatment of obesity.>

Orlistat (a semi-synthetic hydrogenated derivative of lip-
statin) is considered a potent inhibitor of lipase enzyme, as it
inhibits the absorption of 30% of dietary fats."®** It has been
approved by the Food and Drug Administration as an effective
treatment of human obesity.*'> However, orlistat showed some
serious side effects like steatorrhea, fecal incontinence, flatu-
lence, risks of vitamin deficiencies and liver diseases.”*™* It is
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biscoumarin, daphnoretin, and the dammarane saponin, christinin A, as potent lipase inhibitors.

contraindicated in pregnancy, patients with malabsorption
disorders and reduced gallbladder function.'® Consequently,
there is a need to explore safer alternative and complementary
therapies to combat obesity."”

Many researchers reported potentiation of phyto-
compounds and their anti-lipase effect.**' This has prompted
us to investigate Thymelaea hirsuta and Ziziphus spina-christi for
their lipase inhibitory activities.

Thymelaea hirsuta (L.), called “Al Methnan” (Thymelaeaceae).
It is a small evergreen shrub which is native to the Mediterra-
nean region. This genus has not been investigated extensively
but it is characterized by the presence of flavonoids (luteolin,
trans-tiliroside, chrysoeriol), terpenes (daphnane terpenes),
sterols and coumarins (daphnoretin).?** It is used traditionally
for treatment of diabetes,”>*® dermatitis, hair-fall, constipation
and vermicide. Furthermore, the aerial parts were reported to be
effective inhibitors of a-glucosidase in vivo.””®

On other hand, Ziziphus spina-christi (Rhamnaceae) is known
in Egypt as ‘Nabq’ or ‘Sidr’,* it is a tropical tree with thorny
branches and producing small, orange-yellow fruits. It is used
in folk medicine for the treatment of diabetes mellitus. Many
studies showed improved in vitro effect of Z. spina-christi extract
on the activity of a-amylase enzyme resulted in significant
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reduction in blood glucose level together with significant rise in
serum insulin.?*** Literature survey of Z. spina-christi species
revealed the presence of different types of saponins (betuli-
naldehyde, betulin, christinin A),*>** flavonoids (quercetin,
quercetin 3-O-B-xylosyl-(1 — 2)-a-rhamnoside]-4-O-a-rhamno-
side, quercetin 3-O-a-rhamnopyranosyl-(1 — 6)-o. rhamnopyr-
anosyl-(1 — 2)-B-galactopyranoside,  quercetin-3-O-o-
arabinosyl(1 — 2)-a-rhamnoside, gallocatechin®? and phenolics
(p-hydroxybenzoic)).

Molecular docking studies are among the computational
techniques which provided information about the interaction
between ligand and the protein binding site; leading to fast and
efficient development of potent target modulators.* So that, in
silico and in vitro studies will be conducted on isolates from the
two selected Egyptian plants to evaluate their lipase inhibitory
activity as well as prediction of their pharmacokinetic ADMET
properties.

2. Materials and methods

2.1. General

Rotary evaporator: BUCHI Rotavapor R-200, was used for evap-
oration of solvents under reduced pressure. TLC analysis was
conducted on silica gel plates (silica gel 60 F,5, with adsorbent
layer thickness 0.25 mm plates, Merck, Darmstadt, Germany).
TLC spots were located using a UV lamp and by heating after
spraying with acidic anisaldehyde. Silica gel (Kieselgel 60,
0.063-0.20 mm, Merck, Darmstadt, Germany) and Sephadex
LH-20 (Amersham Pharmacia Biotech AB) were used for column
chromatography. 1D (*H and "*C) and 2D NMR (HSQC, HMBC,
NOESY, and COSY) spectra were recorded on Bruker DRX-400
MHz Ultrashield spectrometers (Bruker BioSpin, Billerica, MA,
USA) in DMSO-dg or CD;OD solution. "H chemical shifts are
referenced to the residual proton signal of the solvents (¢ 2.49 or
3.30, respectively), while "*C chemical shifts are expressed in
reference to the solvent signals (6 39.5 or 49.0, respectively). RP-
MPLC was carried out with a BUCHI Pure C-815 Flash chro-
matograph apparatus attached with packed column, silica gel
100 Cy5 reversed phase, 0.04-0.063 mm column (250 mm X
20 mm i.d.) monitored with a UV detector (254 nm). UV
absorptions of the in vitro assay were measured on a BioTek, 800
TS Microplate spectrophotometer. RADWAG® AS 220.R2
sensitive balance was used for weighing solid materials. JEN-
WAY 3510 PH Meter was used for adjusting the buffer PH.
Incubator BT 1500 (BTC, Egypt), was used for incubation at 37 ©
C. Pancreatic lipase (type II, 100-500 units per mg protein), para
nitrophenyl palmitate (lipase substrate) were purchased from
Sigma Chemicals (USA) and orlistat (a lipase inhibitor used as
positive control for the in vitro lipase inhibitory assay) was ob-
tained from European Egyptian Pharmaceuticals (Egypt).

2.2. Plant material

Both plants Ziziphus spina christi (aerial parts) and Thymelaea
hirsuta (roots) were collected from the Egyptian Siwa desserts
and Ras El Hikma desserts, Matrouh, respectively, in March
2018. All plant were identified by Prof. Selim Heneidy at the
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Herbarium, Faculty of Science, Alexandria University, Egypt.
Voucher specimens (TH004 and TH007 for Z. spina christi and T.
hirsuta, respectively) were deposited in the Pharmacognosy
Department, Faculty of Pharmacy, Alexandria University, Egypt.

2.3. Extraction and isolation

Aerial parts of Z. spina-christi and roots of T. hirsuta (350 g of
each plant) were dried, ground, extracted by percolation at room
temperature with 90% ethanol until exhaustion. The solvent
was evaporated under reduced pressure yielding a solid residue.
Also, dried roots of T. hirsuta (1.7 kg) were extracted with 70%
ethanol, filtered and concentrated. The alcoholic extract of Z.
spina christi and T. hirsuta subjected to pancreatic lipase inhi-
bition assay. Then, each residue was suspended in ethanol:
water 1:1 v/v and partitioned with organic solvents of
increasing polarities. Four fractions; light petroleum, chloro-
form, ethyl acetate and n-butanol were subjected to pancreatic
lipase inhibition assay. The most bioactive fractions were the
chloroform fraction and n-butanol fraction of Z. spina-christi
and roots of T. hirsute, respectively. The chloroform fraction was
chromatographed using normal silica gel column and purified
repeatedly with sephadex LH columns and crystallization was
performed to afford six compounds (1-6) (Fig. 1). Compounds
1-6 were identified as daphnoretin (1), 5,7,4-trihydroxy-8-
methoxycarbonyl flavanol (2),** neochamaejasmin A (3),%
daphnodorin G-3"-methyl ether (4), daphnodorin G (5),*®
daphnodorin B (6)*° by detailed analysis of NMR data. It is worth
mentioning that this is the first report for the isolation of the
compounds (2), (4) and (5) from genus Thymelaea. On the other
hand, the butanolic fraction was subjected to further purifica-
tion of subfractions using column chromatography and crys-
tallization was performed to afford two compounds (7-8)
(Fig. 1). Compounds 7-8 were identified as quercetin 3-O-o-L-
rhamnopyranosyl-(1 — 2)-[e-L-thamnopyranosyl-(1 — 6)]-B-o-
galactopyranoside (7)** and 3-O-a-L-fucopyranosyl-(1 — 2)-B-p-
glucopyranosyl-(1 —  3)-a-L-arabinopyranosyl]jujubogenin
(christinin A) (8)* by detailed analysis of NMR data and agree-
ment of the spectral data to those reported in literature.

The detailed spectral analysis and experimental procedure
for lipase inhibition assay are given as ESL.}

5,7,4-Trihydroxy-8-methoxycarbonyl flavanol (2). White
crystals, m.p. °C: 221-222° (MeOH), "H-NMR (400 MHz, DMSO-
de) 6: 4.75 (1H, d, J = 6.7 Hz, H-2), 3.88 (1H, m, H-3), 2.60 (1H,
dd,j =16.2, 5.2 Hz, H-4), 2.41(1H, dd, ] = 16.2, 7.2 Hz, H-4), 6.00
(1H, s, H-6), 7.16 (2H, d, ] = 8.3 Hz, H-2'), 6.74 (2H, d, ] = 8.3 Hz,
H-3'), 6.74 (2H, d, ] = 8.3 Hz, H-5'), 7.16 (2H, d, ] = 8.3 Hz, H-6),
3.68 (3H, s, OCH,), 5.08 (1H, br. s, HO-3), 10.54 (1H, s, HO-5),
10.54 (1H, s, HO-7), 9.46 (1H, s, HO-4'); "*C-NMR (100 MHz,
DMSO-dg) 6: 81.1 (C-2), 66.9 (C-3), 27.3 (C-4), 159.8 (C-5), 96.3 (C-
6), 158.7 (C-7), 98.4 (C-8), 154.8 (C-9), 100.1 (C-10), 130.0 (C-1),
128.1 (C-2'), 115.2 (C-3"), 157.1 (C-4"), 115.2 (C-5), 128.1 (C-6'),
169.4 (C=0), 52.0 (OCHH3,).

Daphnodorin G-3"-methyl ether (4). Amorphous yellow
powder, "H-NMR (400 MHz, DMSO-d,) 6: 4.78 (1H, d, ] = 6.4 Hz,
H-2), 3.88 (m, H-3), 5.12 (1H, d, ] = 4.6 Hz, HO-3), 2.56 (1H, dd, J
= 5.1, 16.3 Hz, H-4), 2.46 (1H, dd, J = 7.0, 16.3 Hz, H-4), 6.29

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 Structures of compounds 1-8.

(1H, s, H-6), 6.91 (2H, d, J = 8.8 Hz, H-2/, 6), 6.59 (2H, d, ] =
8.8 Hz, H-3, 5'), 3.18 (3H, s, OCH3), 5.99 (1H, d, ] = 2.2 Hz, H-6"),
5.80 (1H, d, ] = 2.2 Hz, H-8"), 7.23 (2H, d, ] = 8.8 Hz, H-2", 6"),
6.77 (2H, d, ] = 8.8 Hz, H-3", 5"), 11.70 (1H, s, HO), 10.23(1H, s,
HO), 9.80 (1H, s, HO), 9.41(1H, s, HO), 9.41(1H, s, HO); ">*C-NMR
(100 MHz, DMSO-dg) ¢: 80.4 (C-2), 65.7 (C-3), 27.3 (C-4), 100.7 (C-

© 2023 The Author(s). Published by the Royal Society of Chemistry

4a), 159.6 (C-5), 91.8 (C-6), 160.1 (C-7), 102.5 (C-8), 153.4 (C-8a),
129.6 (C-1'), 127.5 (C-2/, 6'), 115.3 (C-3, 5'), 157.1 (C-4)), 117.5
(c-2"), 85.0 (C-3"), 54.4 (OCH3), 193.1 (C-4"), 99.0 (C-4"a), 163.8
(C-5"), 96.7 (C-6"), 167.2 (C-7"), 94.9 (C-8"), 161.0 (C-8"a), 124.7
(c-1"), 128.1 (C-2", 6"), 115.3 (C-3", 5), 158.9 (C-4"").

RSC Adv, 2023, 13, 27167-27173 | 27169
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Daphnodorin G (5). Amorphous yellow powder, 'H-NMR
(400 MHz, DMSO-d,) 6: 4.71 (1H, d, ] = 6.9 Hz, H-2), 3.76 (m,
H-3), 5.07 (1H, d, ] = 5.1 Hz, HO-3), 2.59 (1H, dd, J = 5.2,
16.4 Hz, H-4), 2.43 (1H, dd, J = 7.8, 16.4 Hz, H-4), 6.27 (1H, 5, H-
6), 6.93 (2H, d, J = 8.2 Hz, H-2/, 6'), 6.62 (2H, d, ] = 8.2 Hz, H-3/
5'), 6.22 (1H, s, 3"-HO), 5.98 (1H, d, ] = 2.2 Hz, H-6"), 5.87 (1H, d,
J=2.2Hz,H-8"),7.22 (2H, d,] = 8.5 Hz, H-2", 6"), 6.76 (2H, d, ]
= 8.5 Hz, H-3", 5"), 11.77 (1H, s, HO), 10.01 (1H, s, HO), 9.74
(1H, s, HO), 9.38 (1H, s, HO), 9.38 (1H, s, HO); *C-NMR (100
MHz, DMSO-d,) d: 80.4 (C-2), 66.2 (C-3), 28.02 (C-4), 102.6 (C-4a),
158.8 (C-5), 91.5 (C-6), 159.5 (C-7), 106.4 (C-8), 151.8 (C-8a),
129.8 (C-1'), 127.8 (C-2/, 6), 115.0 (C-3/, 5'), 157.0 (C-4'), 117.8
(c-2"), 80.9 (C-3"),192.9 (C-4"), 98.8 (C-4"a), 163.8 (C-5"), 96.7 (C-
6"),167.4 (C-7"),94.9 (C-8"),161.4 (C-8"a), 124.7 (C-1"), 128.6 (C-
2", 6™),115.1 (C-3", 5"), 158.7 (C-4").

The detailed experimental procedure for lipase inhibition
assay is given as ESLt

2.4. In silico docking study of the lipase inhibitory activity of
isolated compounds (1-8)

The 3D geometry (X-ray crystal structure) of human pancreatic
lipase complexed with the ligand; diundecyl phosphatidyl
choline (PLC) was obtained from the Research Collaboratory for
Structural Bioinformatics Protein Data Bank (RCSB PDB) (PDB
code: 1LPA, resolution; 3.04 A)** and prepared with the
protein preparation wizard of Schrodinger Suite** where water
molecules were deleted, protein was typed with OPLS3 force
field and minimized. Next, a receptor grid was generated using
the co-crystalized ligand as ref. 45.

All ligands (the isolated compounds from T. hirsuta and Z.
spina christi) were obtained from NCBI Pubchem.** Ligands
were optimized and energetically minimized through OPLS 3
force field algorithm embedded in the LigPrep module of
Schrodinger Suite.*” The ionization states within pH range 7 & 2
were generated.

In the docking experiment, Glide docking engine within the
Schrodinger Suite was utilized.***

2.5. In silico prediction of pharmacokinetic ADMET
properties

After the step of molecular docking, ADMET and drug-like
properties of the isolated compounds were evaluated using
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Qikprop module embedded in Schrodinger® Suite software
package. Qikprop was performed to assess the drug-like prop-
erties of all the isolates by calculation of the ADME (absorption,
distribution, metabolism, and excretion) properties of the
ligands.>® Results of the pharmacokinetics study are demon-
strated in Table S1 in the ESL¥

3. Results and discussion

The in vitro spectrophotometric 96-well lipase inhibitory assay
described by Slanc*** was used to evaluate the two selected
Egyptian plants. Reaction mixtures containing 20 pl of the
enzyme solution, 50 pl of the tested sample extract solution and
120 pl of Tris-base buffer solution, were incubated at 37 °C for
25 min. Then 10 pl of PNP substrate was added to the reaction
mixture, followed by incubation at 37 °C for 30 min. Finally, the

4,51

absorbance of released p-nitro phenol was measured at 405 nm
using a microplate reader. The activity assay was performed in
triplicate for each treatment and orlistat is used as a positive
control. Percent inhibition values of the alcoholic plant extracts
at concentration of (1 mg ml™ ') were determined. It was
observed that the alcoholic extracts of Z. spina christi and T.
hirsuta showed significant lipase inhibitory activity with 93%
and 70% inhibition values, respectively.

The results of the in vitro spectrophotometric 96-well lipase
inhibitory assay of different fractions of the forementioned
plants extracts were demonstrated in (Table 1). It was observed
that the butanolic fraction of Z. spina christi showed the most
significant anti-lipase activity (80% inhibition) followed by T.
hirsuta chloroform fraction (61% inhibition). As a result, these
two fractions from both plants were selected for further
phytochemical investigation.

Six compounds were isolated and identified from T. hirsute,
in addition to, two compounds were isolated from of Z. spina
christi which were demonstrated in the schematic diagrams
(Fig. S1 and S2,7 respectively) present in the ESL{

All these compounds were tested for their lipase inhibitory
potencies following the Slanc method. Lipase inhibitors reduce
the conversion of para nitro phenyl palmitate (PNPP) to its
coloured metabolite para-nitro phenol, thus, the decrease in the
absorbance produced was used as a criterion to assess lipase
inhibition. The percentage inhibition was calculated for each
inhibitor at the concentration of 0.25 mM.

Table 1 Lipase inhibition by the fractions obtained from the Thymelaea hirsuta and Ziziphus spina-christi extracts expressed as % inhibition

values
Plant name Fraction Percentage lipase inhibitory activity” (%)
Thymelaea hirsuta roots Chloroform 61
Light petrol 56
Ethyl acetate 45
n-Butanol —27
Ziziphus spina-christi aerial parts n-Butanol 80
Light petrol 60
Chloroform 58
Ethyl acetate -96

¢ Concentration at 1 mg ml™".
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The results (Table 2) showed that christinin A (8) and
daphnoretin (1) were ranked as the most active compounds
possessing the highest % inhibition values of 75 and 72%,
respectively. On the contrary, daphnodorin B was considered as
the least active compound with an % inhibition value of 3.5%.
Results also revealed that the tested compounds daphnodorin
G, quercetin 3-0-(2,6-di-O-a-rhamnopyranosyl-B-galactopyrano-
side), neochamaejasmin A, 5,7,4-trihydroxy-8-methoxycarbonyl
flavanol and daphnodorin G-3"-O-methyl ether exihibited inhi-
bition of PL activity with % inhibition values are 69.5%, 68%,
61.8%, 52% and 39%, respectively. So, these compounds could
be considered as potent lipase inhibitors or drug leads for
further drug development. It was worthy to mention that this is
the first report of these isolated compounds from the two
plants: T. hirsuta and Z. spina-christi for lipase inhibition.
Furthermore, the extracts are synergistically showing better
lipase inhibition and this can be wuseful for ethno-
pharmacological use of these plant species.

To investigate the mechanism of action and binding of
compounds to active site of the lipase enzyme crystalline
structure (1LPA), we conducted a molecular docking study using
Glide docking engine within the Schrodinger molecular
modeling suite* between the target (PDB code: 1LPA), ligands
(orlistat and the isolated compounds from both 7. hirsuta and Z.
spina-christi), aiming to obtain a deep understanding to the
compounds' binding modes inside the enzyme active site and
the resulting complexes were scored in terms of GLIDE scores
(XPG score). A greater negative numerical value of the docking G
score indicates a stronger predicted binding of the ligand-
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target complex. The docking protocol used flexible ligand
sampling and standard precision with no docking constraints.

The molecular docking results shown in Fig. S3-S51 and
Table 3, demonstrated that quercetin 3-O-(2,6-di-O-a-rhamno-
pyranosyl-p-galactopyranoside) (7), christinin A (8) and daph-
noretin (1) had the highest binding affinity (—14.66, —12.00 and
—11.40 kecal mol ™!, respectively) to the 1LPA, followed by
daphnodorin B (6), orlistat (positive control), 5,7,4-trihydroxy-8-
methoxycarbonyl flavanol (2) and daphnodorin G-3"-methyl
ether (4) (—9.76, —8.91, —8.71 and —8.23 kcal mol ", respec-
tively). On the other hand, daphnodorin G (5) and neo-
chamaejasmin A (3) had the lowest binding energy (—6.22 and
—6.13 keal mol ™, respectively) compared to the others.

From the results of the pharmacokinetics study demon-
strated in Table S1,} it was observed that all the compounds’
properties lied within the acceptable range of human use.
However, some of the pharmacokinetic ADMET properties -
especially those depending on solubility - of both the saponin
(christinin A) and the flavonoid glycoside (quercetin 3-0-(2,6-di-
O-a-rhamnopyranosyl-B-galactopyranoside)) lied outside the
acceptable range of human use, therefore, further in vitro
pharmacokinetic experiments are recommended to verify the
predicted in silico results and to afford better understanding on
their ADMET profiles.

The isolated natural compounds were found to possess the
best drug-like properties by Lipinski's rule of five shown in
Table S1 in the ESLf The drug molecules which have
low, mol. wt. are transported, diffused and absorbed without
difficulty in comparison to large molecules.*** Furthermore, all

Table 2 Lipase inhibition of the isolated compounds (1-8) expressed as % inhibition at concentration of 0.25 mM¢®

Compound name

% Inhibition

Christinin A (8)

Daphnoretin (1)

Daphnodorin G (5)

Quercetin 3-0-(2,6-di-O-o-rhamnopyranosyl-B-galactopyranoside) (7)
Neochamaejasmin A (3)

5,7,4"-Trihydroxy-8-methoxycarbonyl flavanol (2)

Daphnodorin G-3"-methyl ether (4)

Daphnodorin B (6)

“ ICs, of orlistat (positive control) = 0.0627 mM.

75
72
69.5
68
61.8
52
39
3.5

Table 3 Lipase inhibition of the tested compounds along with orlistat expressed as XP-G scores

Compound name

Docking XPG score (kcal mol™")

Quercetin 3-0-(2,6-di-O-a-rhamnopyranosyl-B-galactopyranoside) (7)
Christinin A (8)

Daphnoretin (1)

Daphnodorin B (6)

Orlistat (positive control)

5,7,4"-Trihydroxy-8-methoxycarbonyl flavanol (2)

Daphnodorin G-3"-methyl ether (4)

Daphnodorin G (5)

Neochamaejasmin A (3)

© 2023 The Author(s). Published by the Royal Society of Chemistry

—14.66
—12.00
—11.40
—-9.76
—-8.91
—-8.71
—8.23
—6.22
—6.13
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the isolates are showing activity against lipase and not on the
nervous system.

4. Conclusion

In conclusion, the results of the present study clearly demon-
strated that the two compounds; christinin A (8) and daph-
noretin (1) have excellent binding interactions with lipase
enzyme compared to the standard. These might corporate in
presenting the biscoumarin; daphnoretin and the dammarane
saponin; christinin A as potent lipase inhibitors which have not
been previously reported for this activity.
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