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Abstract

Lipid peroxidation plays a pivotal role in the pathogenicity and maintenance
of hepatitis. Thus, substances protecting hepatocyte membranes from lipid
peroxidation are of great importance in the management of hepatotoxicity
and hepatitis. The present work deals with the in vitro hepatoprotective activ-
ity of the methanol extract of Desmodium uncinatum, its sub-fractions, the
major isolated compounds and some of their semi-synthetic derivatives in
order to study structure activity relationships. Using hydrogen peroxide
(H,0,)-induced lipid peroxidation of hepatocyte membranes as a model, the
hepatoprotective-guided phytochemical survey of the methanol extract of ae-
rial parts of D. uncinatum was carried out by successive column chromatog-
raphy. One of the most active compounds (Isovitexin) was chemically trans-
formed to yield new semi-synthetic. The identification of isolated and
semi-synthetic compounds was performed using NMR techniques, mass spec-
trometry and by comparison of their data with those reported in the literature.
The n-butanol fraction was the most effective (IC,: 22.9 pg/mL) compared to the
crude methanol extract (ICy;: 43.6 pg/mL) and other fractions. The n-butanol
sub-fractions FA (containing non-phenolic compounds) and FB (mainly con-
taining phenolic compounds) exhibited respective IC, of 14.36 and 128.2 pg/ml.
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Purification of FA yielded 3- O- - D-glucopyranosyl-S-sitosterol (1), 3-O-f-D-
2-acetyl-amino-2-deoxyglucopyranoxyloleanoic acid (2), (25 3S 4R 7R
82)-1- O- - D-glucopyranosyl-2-[(R)-2'-hydroxyarachidoylamino]-docosan-8
-ene-3,4,7-triol (4), spiraeamide (5), mannitol (6), while FB afforded essen-
tially three C-glycosylflavonoids namely isovitexin (7), vitexin (8) and
vicenin-3 (9). Chemical transformations (methylation, allylation and prenyla-
tion) of isovitexin afforded five new semi-synthetic derivatives: 4'5,7-O-
trimethylisovitexin (10), 4'-O-allylisovitexin (11), 4'7-O-diallylisovitexin
(12), 4'-O-prenylisovitexin (13) and 8-C-prenyl-4',7- O-diprenylisovitexin
(14). The screening of these derivatives revealed that allylation did not sig-
nificantly affect the hepatoprotective activity while methylation, prenylation,
number and position of sugar moieties on the A ring of flavonoids signifi-
cantly reduced it. Results demonstrated that the n-butanol fraction obtained
from the methanol extract of Desmdium uncinatum may possess hepatopro-
tective activity due to its content in C-glycosylflavonoids and cerebrosides. Hy-
droxyl groups in C-glycosylflavonoids are important for their lipid peroxidation
inhibitory activity.

Keywords

Desmodium uncinatum, Hepatoprotective Activity, Lipid Peroxidation,
Hepatocyte Membranes, C-glycosylflavonoids

1. Introduction

The genus Desmodium is a large member of the Papilionaceae (Fabaceae) fami-
ly. It contains about 350 species mainly distributed in tropical and subtropical
regions of the world [1]. Most of Desmodium species are widely used in African
traditional medicine and well explored in the treatment of neurological imbal-
ances by the traditional Indian medicinal system [2]. Many of them are known
for their hepatoprotective effects [3]. The positive effect of Desmodium adscen-
dens against hepatic infections has been verified in vivo [4] and assigned to its
major secondary metabolites including C-glycosylflavonoids identified as vitex-
in, isovitexin and saponins, mainly soyasaponins [5]. From these results, a
number of herbal preparations based on D. adscendens, reputed to have hepato-
protective activity are available on the market.

Currently, lipid peroxidation (LPO) is considered as the main molecular me-
chanism involved in the oxidative damage of cell structures and in the toxicity
process that leads to cell death. In fact, lipid peroxidation is the cornerstone
mechanism of the hepatotoxicity exerted by many liver-damaging agents [6] [7]
[8]. The major reactive aldehyde resulting from the peroxidation of biological
membranes is malondialdehyde (MDA) [9] used as an indicator of tissue dam-
age by a series of chain reactions [10]. Concordantly, in most cases, plant sec-

ondary metabolites with antioxidant properties have been found responsible for
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the hepatoprotective activity of the concerned plants. Indeed, silymarin, a stan-
dardized extract of Silybum marianum seeds, is a marketed hepatoprotective
medicine containing a mixture of flavonolignans. The primary mechanism of its
hepatoprotective effect is the inhibition of cell membrane lipid peroxidation
[11]. Moreover, many plant extracts with lipid peroxidation inhibitory effects
exhibited hepatoprotective activities [12] [13]. Although there are several me-
thods for measuring the ability of plant extracts to show their hepatoprotective
effect by inhibiting lipid peroxidation, the best method remains the monitoring
of malondialdehyde, the most studied degradation product of polyunsaturated
fatty acids peroxidation [14].

D. uncinatum is one of the Desmodium species commonly found in the west-
ern highlands of Cameroon. It is a large perennial legume with stems that may
grow several meters long and trail over surrounding vegetation. Its cylindrical or
angular stems are covered with short, hooked hairs that stick to hair or clothing
[15]. Previous phytochemical investigations of this plant revealed the presence of
flavonoids as uncinanone A, B, C, D and E, uncinacarpan and triterpenoids [16]
[17] [18]. Based on the potent hepatoprotective effects of plants from the same
genus, we hypothesized that the entire aerial part of D. uncinatum may possess
bioactive compounds with hepatoprotective activities resulting from their ability
to inhibit lipid peroxidation.

The present study was therefore designed to evaluate the hepatoprotective ac-
tivitiy of the crude methanolic extract of the aerial part of D. uncinatum and to
isolate its bioactive secondary metabolites based on the bioactivity-guided frac-
tionation. Moreover some semi-synthetic derivatives of one of the major active
isolated compound (isovitexin) were prepared, tested and the structure activity
relationship (SAR) discussed.

2. Materials and Methods

2.1. General Experimental Procedures

'"H NMR, *C NMR, COSY, HMQC and HMBC spectra were performed in deu-
terated solvents on a Bruker DRX-500 Spectrometer at 500 MHz/125 MHz, on a
Bruker AVANCE III-600 MHz/150 Spectrometer, on a varian Mercury plus
Spectrometer at 400 MHz/100 MHz and on a Bruker AVANCE 700 spectrome-
ter (Bruker, Germany) at 700 MHz/175 MHz. All chemical shifts (J) are given in
ppm units with reference to tetramethylsilane (TMS) as internal standard and
the coupling constants (J) are in Hz. Positive and negative ionisation modes ESI
mass spectra were carried out on an Agilent 6210 ESI-TOF mass spectrometer
(Agilent Technologies, Santa Clara, CA, USA) and on an Agilent Technologies
LC/MSD Trap SL (G2445D SL). Column chromatography were performed using
70 - 230 mesh and 230 - 400 mesh silica gel 60 (Merck), and sephadex LH-20.
TLC were carried out on precoated silica gel 60 F254 (Merck) plates and spots
were visualized by a UV lamp multiband UV-254/365 nm (Model UVGL-58
Upland CA 91786, USA) and by spraying with 50% H,SO, and heating for 10
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min at 110°C. The structures of all isolated compounds were established by
spectroscopic analysis (1D and 2D NMR), ESI mass spectrometry and by com-

parison of obtained data with those reported in the literature.

2.2. Plant Material

The aerial part of D. uncinatum was collected in Dschang, Menoua Division,
Western region of Cameroon in August 2015. The plant material was identified
by Professor Zapfack Louis (botanist at the Faculty of Sciences, University of
Yaoundé I, Cameroon) at the Cameroon National Herbarium, Yaoundé where a

voucher specimen was kept under the reference number HNC/5315.

2.3. Extraction and Bioactivity-Guided Fractionation of Aerial
Part of D. uncinatum

Fresh material was cut into small pieces and dried at room temperature for 2
weeks. The powder (4 kg) obtained after grinding was extracted three times
(each time for 24 h) with MeOH (15 L) at room temperature before filtration.
The combined filtrates were concentrated under reduced pressure to yield the
crude MeOH extract (168 g). Part of this crude extract (162 g) was suspended in
water (400 mL) and successively extracted with ethyl acetate and n-butanol. The
resulting soluble fractions were concentrated to dryness under reduced pressure
to give the ethyl acetate fraction (78 g), n-butanol fraction (13 g) and the aque-
ous residual fraction. The crude extract and its three fractions were kept in the
refrigerator at 4°C until use. After assessing the hepatoprotective activity of the
crude extract and its fractions, the active fractions were further submitted to
column chromatography separation in order to isolate the possible active com-
pounds (Scheme 1) while the less active fractions were left aside.

The EtOAc fraction was then purified as previously described [18] to yield
mainly compounds 1 (23 mg), 2 (12 mg) and 3 (31 mg). Part of the n-butanol
fraction (11.5 g) was fractionated over silica gel column chromatography, using
a gradient of MeOH in EtOAc ranging from (1:9) to (1:1) to yield five
sub-fractions (G1-G5). These sub-fractions were obtained after recombination
of fractions of 300 mL based on their TLC profiles. They were separately sub-
jected to Sephadex LH-20 column chromatography using MeOH as eluent to
separate non phenolic compounds (fraction A) from phenolics (fraction B). The
overall recombination therefore leads to two main fractions, FA (5.5 g) and FB
(4 g). Parts of FA and FB were simultaneously submitted to biological screening
and chemical investigation. Concerning the chemical investigation, part of frac-
tion A (4.5 g) was purified on a silica gel column eluted with the mixture
EtOAc-MeOH-H,0 (95-5-2) to yield again compounds 1 (43 mg) and 2 (17 mg)
previously obtained from the EtOAc fraction and additionally, compounds 4
(13.4 mg), 5 (10 mg), and 6 (12.5 mg). Part of fraction B (3 g) was repeatedly
chromatographed using silica gel column with EtOAc-MeOH-H,O (95-5-2) as
eluent to afford compounds 7 (385 mg), 8 (94 mg) and 9 (25 mg).
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Scheme 1. General work flow indicating extraction, bioguided-fractionation, chemical
transformation and pharmacological testing of natural products from the aerial part of D.
uncinatum.

2.4. Preparation of Semi-Synthetic Derivatives (10-14) from
Isovitexin (7)
2.4.1. Preparation of 4',5,7-0-Trimethylisovitexin (10)
Compound 7 (109 mg) was dissolved in acetone (20 mL); K,CO, (70.6 mg) and
iodomethane (31.4 pL) were successively added to the resulting solution. The
mixture was stirred under reflux and monitored by TLC until complete disap-
pearance of the starting material by modifying the method proposed by Li et al.
[19]. Afterwards, distilled water was added in order to cool the medium. The
cool mixture was extracted with ethyl acetate and the obtained EtOAc phase was
washed with water, dried over anhydrous Na,SO, and the solvent was evapo-
rated in vacuo. The obtained mixture was chromatographed over silica gel using
as eluent n-hexane/EtOAc (90:10) to mainly afford compound 10 (23.7 mg,
21.8%).

2.4.2. Preparation of 4'-0-Allylisovitexin (11) and 4',7-0-Allylisovitexin
(12)

Compound 7 (118.9 mg) was dissolved in acetone (20 mL) and to this solution
were added K,CO, (40.73 mg) and allyl bromide (25.48 uL) successively. The
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mixture was magnetically stirred at 25°C and monitored by TLC until complete
disappearance of starting material as previously described by Nkuété et al [20]
and Dong et al. [21]. Using the same treatment procedure as earlier described for
compound 10, the reaction mixture obtained was purified using silica gel CC
eluted with isocratic solvent system of n-hexane-EtOAc (98:2) that afforded
compounds 11 (8.4 mg, 6.4%) and 12 (6.7 mg, 5.15%).

2.4.3. Preparation of 4'-0O-Prenylisovitexin (13), and
8-C-Prenyl-4',7-0-Diprenylisovitexin (14)

Isovitexin (7) (133.8 mg) was dissolved in 20 mL of acetone and to the resulting
solution were added successively K,CO; (43.3 mg) and prenyl bromide (36.1 pL).
The mixture was magnetically stirred at 25°C and monitored by TLC until com-
plete disappearance of starting material (12 hours) using the same treatment
procedure as earlier described for compound 10, the obtained mixture was
thereafter chromatographed over silica gel (230 - 400 mesh) using isocratic sol-
vent system of n-hexane-EtOAc (10:9) as eluent to give compounds 13 (74.3 mg,
47.97%), and 14 (25.4 mg, 12.8%).

2.5. Pharmacological Tests

Biological Materials

The biological materials used for the pharmacological tests were the livers ob-
tained from male Wistar rats, aged between two and three months and weighing
150 to 200 g. They were reared in the animal house of the Laboratory of Animal
Physiology and Phytopharmacology at the University of Dschang. Animals were
maintained in accordance with the internationally accepted standard ethical
guidelines for laboratory animal use and care as described in the European
Community guidelines (EEC Directive of 1986; 86/609/EEC). They were fed on
standard rat food with water ad /ibitum.

2.6. In Vitro Assessment of D. uncinatum Extracts and Compounds
on Lipid Peroxidation of Hepatocytes’s Membranes

Rats were sacrificed by cervical dislocation. The entire liver was rapidly collected
and homogenized at 10% in an icy phosphate buffer solution (20 mM; pH: 7.4).
The homogenates obtained were centrifuged at 3000 rpm at 4°C for 10 minutes
and the supernatant was discarded. The pellet (200 puL) made of hepatocyte’s
membranes were mixed with 200 pL of phosphate buffer (control tubes) or 200 pL
of the testing substances (methanol extract, fractions, isolated compounds,
semi-synthetic derivatives or silymarin) at the concentrations of 1, 3, 10, 30, 100
or 300 ug/mL. When the testing substance was not water-soluble, the adequate
control made of vehicle was conducted. After 10 minutes of incubation at 37°C,
phosphate buffer (200 uL, neutral control) or H,0, (200 pL, 120 mM, for nega-
tive control and testing substances) was added and the mixture incubated for
additional 50 minutes. Thereafter, the reaction milieu was thoroughly crushed
using an electric tissue grinder. The tubes were then homogenized with Tris
buffer (100 pL) and centrifuged at 10,000 rpm for 10 minutes at 4°C.
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To a portion of the supernatant (100 uL), was added a solution of trichloroa-
cetic acid (500 uL, 5%). The mixture was incubated at ambient temperature for
15 minutes and centrifuged at 6000 rpm for 10 minutes at 15°C. Then, 400 uL of
a solution of thiobarbituric acid (1% in 10% of orthophosphoric acid) was added
to a portion of the supernatant (400 uL). The mixture was heated at 100°C for 10
minutes. After cooling, optic densities were spectrophotometrically read at 532
nm to assess the malondialdehyde (MDA) level, indicating of lipid peroxidation.
The percentage of inhibition of lipid peroxidation was calculated by the follow-

ing formular:

oD,

sample

% inhibition = (OD

control

)x100/0D,

control

2.7. Statistical Analysis

Statistical analysis of the data was performed using Graph Pad prism version
5.01. Data were expressed as mean + standard error of the mean. The IC,, of
each extract was calculated from the non-linear regression curve. To classify
tested substances based on the activity, their efficiency index (EI) was calculated
with the following formula: EI = E_, /IC,, where E_,, is the average of the

maximal activity.

3. Results

3.1. In Vitro Effects of D. uncinatum Crude Extract and Its
Fractions on Lipid Peroxidation of Hepatocytes’s Membranes

The crude methanol extract of the aerial part of D. uncinatum exhibited a con-
centration dependent inhibition of lipid peroxidation with an IC,, of 43.6 pg/mL
that was lower than that of silymarin (112.2 ug/mL). Although silymarin showed
a highest Emax (88.2%), its EI (0.8) was lower than that of the methanol extract
(ICsy: 43.6 pg/mL, EI: 1.3) (Figure 1).

Fractionation of this crude extract led to three main fractions including the
ethyl acetate, n-butanol and residual aqueous fractions which were evaluated.
The n-butanol (IC,,: 22.9 pug/mL, EI: 3.4) and EtOAc (IC,y 33.8 pg/mL, EI: 1.9)
fractions revealed better activity as compared to the crude extract while the re-
sidual aqueous fraction was almost inactive (ICsy: 370.6 pug/mL, EI: 0.043) (Figure

1). The residual aqueous extract was then kept aside in the further studies.

3.2. Characterisation and Effects of Compounds Isolated from the
EtOAc Fraction

Successive chromatography of the EtOAc fraction yielded compounds 1-3
known as 3- O-f- D-glucopyranosyl- S-sitosterol (1),

3- O-f-D-2-acetyl-amino-2-deoxyglucopyranoxyloleanoic acid (2) and hydno-
carpin (3) [18] (Figure 2). Compounds 1 and 2 exhibited prooxidant effects on
lipid peroxidation by likely increasing the production of MDA by hepatocytes’s
membranes whereas compound 3 has relatively no effect, showing a maximal
effect of 15.3% (Figure 3).
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Figure 1. In vitro effects of D. uncinatum crude extract and its fractions on lipid
peroxidation of hepatocytes’s membranes. F-n-BuOH = n-butanol fraction,

F-EtOAc = ethyl acetate fraction, F-AR = aqueous residual fraction.

Figure 2. Chemical structures of the isolated compounds (1-9): 1: 3-O-pD-glucopyranosyl-sitosterol, 2:
3- O-f-D-2-acetyl-amino-2-deoxyglucopyranoxyloleanoic acid, 3: Hydnocarpin, 4: (25, 35, 4R, 7R, 82)-1-O-
D-glucopyranosyl-2-[(R)-2'-hydroxyarachidoylamino]-docosan-8-ene-3,4,7-triol, 5: Spiraeamide, 6: Mannitol, 7:
Isovitexin, 8: Vitexin, 9: Vicenin-3.
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Figure 3. Inhibitory effect of EtOAc fraction of D. uncinatum and its isolated
compounds (1, 2, 3) against hepatocytes’s membrane lipid peroxidation.

3.3. Characterisation and Effects of Compounds Isolated from the
n-Butanol Fraction

The n-butanol soluble fraction was separated over a column chromatography
into two main sub-fractions FA and FB, which were respectively constituted of
non-phenolic and phenolic compounds. These two sub-fractions were also
evaluated for their hepatoprotective effect and thereafter subjected to repeated
silica gel and sephadex LH-20 column chromatography to afford eight known
compounds (1, 2, 4-9). These compounds were respectively identified as:
3- O-f-D-glucosyl-B-sitosterol (1) [22],

3- O-f-D-2-acetyl-amino-2-deoxyglucopyranoxyl-oleanolic acid (2) [23], (25, 35, 4R,
7R, 82)-1-O-fD-glucopyranosyl-2-[(R)-2'-hydroxyarachidoylamino]-docosan-8-ene-
3,4,7-triol (4), Spiraeamide (5) [24], Mannitol (6) [25], Isovitexin (7) [26],
vitexin (8) [27], vicenin 3 (9) [28] (Figure 2).

Sub-fractions FA and FB derived from the n-butanol fraction showed concen-
tration-dependent activities with respective IC;, of 14.3 and 52.3 ug/mL, EI of
3.1 and 1.5 though they were both less effective than the n-butanol fraction itself
(ICs: 22.9 pg/mL, EI: 3.4) (Figure 4).

Compounds 4, 5 and 6 isolated from FA, showed a concentration-dependent
inhibitory effect over LPO. Compound 4 was the most potent with an IC,, of
22.1 pug/mL and EI of 2.0, followed by compound 5 (IC,: 56.5 pg/mL, EI: 0.5).
The least active was mannitol (6). However, the effects of compounds 4, 5 and 6
at concentrations above 10 pg/mL were higher than that of FA (Figure 5).

All the isolated compounds from the phenolic sub-fraction (FB) showed con-
centration-dependent hepatoprotective activity. Isovitexin (7) and vitexin (8)
were more efficient than the sub-fraction B from which they were isolated with
respective IC,, of 78.0 and 97.0 ug/mL and EI of 0.8 and 0.7. Compound 9 has a
lower inhibitory activity with IC;, of 98.5 pg/mL and EI of 0.2 (Figure 6). It was
established from these results that the most active and major compound was is-
ovitexin. Thus it was therefore submitted to further chemical transformations in

order to study its structure-activity relationship.
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Figure 4. Comparative anti-lipid peroxidative effects of n-BuOH fraction of D. unci-
natum and its different sub-fractions (FA and FB) on hepatocyte’s membranes.
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Figure 5. Comparative anti-lipid peroxidative effects of sub-fraction FA obtained from
the n-butanol fraction and its components on hepatocyte’s membranes.
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Figure 6. Comparative anti-lipid peroxidative effects of sub-fraction FB obtained from
the n-butanol fraction and its components on hepatocyte’s membranes.
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3.4. Characterisation of Semi-Synthetic Derivatives of Isovitexin
(7)

The chemical transformations were mainly based on O-alkylation using io-

domethane, allyl bromide and prenyl bromide, and this afforded five semi-synthetic

flavanone derivatives (Scheme 2) namely: 45,7- O-trimethylisovitexin (10),

4'- O-allylisovitexin (11), 4',7- O-diallylisovitexin (12) 4'- O-prenylisovitexin (13)

and 8- C-prenyl-4',7- O-diprenylisovitexin (14).

4',5,7- O-trimethylisovitexin (10) was obtained as a yellow powder; [a]ij =
40.0 (C = 0.98, DMSO); ESIMS: m/z 475.3 [M + H]* and 497.2 [M + Na]* (for
C,,H,:0,0). '"H NMR (600 MHz, DMSO) and *C NMR (150 MHz, DMSO) data:
See Table 1 and Table 2.

4'- O-allylisovitexin (11) was obtained as yellow powder; [a] =922 (C=
0.6, MeOH); ESIMS (negative mode): m/z471.2 [M — H] and 507.1 [M + CI]”
(for C,,H,,0,,). '"H NMR (400 MHz, CD,0D) and *C NMR (100 MHz, CD,0D)
data: See Table 1 and Table 2.

3 A
HO o
o 10 (47.97 %) —> HO o O
h - H3C ° O

K,CO5/Me,CO OH
CHyl | e HOo OH O |
oH

25
D

HO, K,CO3 / Me,CO

HOr0 H
K2C03 / M62C Br

HO

HOpo

13 (47.97 %) 14 (12.89%)

Scheme 2. General procedures used for semi-synthesis of compounds 10-14 from isovitexin: 7: Isovitexin, 10:
4',5,7- O-trimethylisovitexin, 11: 4'-QO-allylisovitexin, 12: 4',7-O-diallylisovitexin, 13: 4'-O-prenylisovitexin, 14:
8- C-prenyl-4',7- O-diprenylisovitexin.
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Table 1. "H NMR data of semi-synthetic derivatives (10-14) [ (ppm), / (Hz)].

Positions 7* 10%* 11* 12%% 13* 14*
Oy
H-3 6.57 (s) 6.75 (s) 6.67 (s) 6.77 (s) 6.65 (s) 6.77 (s)
H-8 6.48 (s) 7.17 (s) 6.53 (s) 6.73 (s) 6.67 (s)

H2/H-6' 7.81(d;8.5) 8.05(d;8.8) 7.95(d;9.0) 7.98(d;8.9) 7.94(d;8.4) 7.97(d;8.4)
H-3/H-5' 6.92(d;8.5) 7.12(d;8.8) 7.13(d;9.0) 7.11(d;8.9) 7.05(d;8.4) 7.10 (d; 8.4)

H-1" 4.92 (d; ov) 4.60 (d;9.9) 4.93 (ov) 4.92 (ov) 4.90 (m) 4.93 (d; 9.8)

H-2" 3.50 (m) 4.06 (m) 4.29 (m) 4.42 (m) 4.28 (m) 4.34 (m)
H-3" 3.52 (m) 3.19 (m) 3.49 (m) 3.40 (m) 3.47 (m) 3.46 (m)
H-4" 4.19 (m) 3.36 (m) 4.18 (m) 4.28 (m) 4.50 (m) 4.58 (m)
H-5" 3.46 (m) 3.14 (m) 3.45 (m) 3.64 (m) 3.40 (m) 3.41 (m)
e 3.78 (m) 3.70 (m) 3.78 (m) 3.66 (m) 3.68 (m) 3.70 (m)
3.91 (m) 3.42 (m) 3.89 (m) 3.87 (m) 3.91 (m) 3.90 (m)
5-OCH, 3.75(s)
7-OCH, 3.90 (s)
4'-OCH, 3.86 (s)
_— 4.68 4.67 4.65 4.67
(dt;6.5,1.5)  (ds5.1) (& 6.5) (d; 6.6)
H-2" 6.13 (m) 6.09 (m) 550 (m)  5.51(t6.7)
S sx0m
H-4" 1.80 (s) 1.81 (s)
H-5" 1.83 (s) 1.83 (s)
_— 4.66 4.47 (m)
(ds 5.1) 4.60 (m)
H-2" 6.06 (m) 5.63 (1)
ot
H-4"" 1.73 (s)
H-5"" 1.77 (s)
H1™ 3.62 (sl)
H-2"" 5.25 (m)
H-4"" 1.84 (m)
H-5"" 1.87 (m)

*(400 MHz, CD30D), ** (600 MHz, DMSO).
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Table 2. *C NMR (100 MHz) data of semi-synthetic derivatives (10-14) [ (ppm)].

Positions 7* 10%* 11* 12%* 13* 14*
%
C-2 164.7 160.3 164.3 164.2 164.4 165.1
C-3 102.3 106.9 103.0 102.8 103.2 103.4
C-4 182.5 176.0 182.8 182.6 182.7 183.5
C-4a 103.7 112.1 103.8 103.7 103.2 107.1
C-5 160.5 159.3 160.4 160.2 160.0 160.0
C-6 107.7 119.9 108.3 108.5 109.1 108.0
C-7 163.4 163.5 163.9 163.6 164.4 163.6
C-8 93.8 96.8 94.0 93.6 90.9 92.8
C-8a 157.2 158.7 157.5 157.3 157.7 157.4
C-1' 121.6 123.3 123.1 122.8 122.7 123.1
C-2'/C-6' 128.0 128.5 127.8 127.9 127.9 128.3
C-3'/C-5' 115.6 115.0 114.9 114.8 114.9 115.2
C-4' 161.3 162.3 161.9 162.0 162.3 162.5
C-1" 73.9 74.5 73.6 73.8 73.6 73.5
Cc-2" 70.4 71.6 70.3 70.8 70.8 71.4
C-3" 78.7 79.3 78.7 78.9 79.0 79.3
C-4" 71.1 71.2 71.2 71.0 70.8 70.1
C-5" 81.1 82.3 81.2 81.3 81.2 81.5
C-6" 61.4 62.1 61.5 61.8 62.2 62.1
5-OCHj; 63.4
7-OCH; 56.9
4'-OCH; 55.9
Cc-1" 68.5 68.4 64.7 64.8
c-2" 132.8 132.9 119.1 119.2
Cc-3" 116.5 116.6 137.9 138.1
C-4" 16.8 17.0
C-5" 244 24.6
C-1"" 68.4 73.0
c-2" 132.9 119.9
Cc-3™ 116.6 138.1
C-4" 17.3
C-5"" 24.8
c-1"" 224
c-2"" 122.8
c-3m 138.1
C-4"" 17.1
Cc-5"" 24.6

*(100 MHz, CD30D), **(150 MHz, DMSO).

DOI: 10.4236/abc.2018.86009 113 Advances in Biological Chemistry


https://doi.org/10.4236/abc.2018.86009

B. T. Tsafack et al.

4',7- O-allylisovitexin (12) was obtained as yellow powder; [a]zs = 4.88 (C
= 0.4, MeOH); ESIMS (positive mode): m/z513.3 [M + H]" and 535.0 [M + Na]*
(for C,,H,;0,,). '"H NMR (600 MHz, DMSO) and *C NMR (150 MHz, DMSO)
data: See Table 1 and Table 2.

4'- O-prenylisovitexin (13) was obtained as yellow powder; [a]j: =0.70 (C
= 6.4, MeOH); ESIMS (negative mode): m/z 499.1 [M — H] (for C,;H,;0,,).
'"HNMR (400 MHz, CD,0D) and *C NMR (100 MHz, CD,OD) data: See Table
1 and Table 2.

8-C-prenyl-4',7- O-diprenylisovitexin (14) was obtained as yellow powder;
[a]. =0.70 (C = 6.4, MeOH); ESIMS (negative mode): m/z 671.2 [M + CIJ,
635.2 [M - H]  (for C;H,,0,y) and 567.1 [M — Prenyl]”. '"H NMR (400 MHz,
CD,0D) and C NMR (100 MHz, CD,0D) data: See Table 1 and Table 2.

3.5. Effects of Isovitexin Derivatives (10-14) against Lipid
Peroxidation of Hepatocytes’s Membranes

All the semi-synthetic derivatives of isovitexin (7) inhibited lipid peroxidation of
hepatocyte’s membranes more or less concentration-dependently (Figure 7).
Compound 11 showed an effect similar to that of isovitexin but with IC;, of
167.0 ug/mL and a maximal effect of 54%. Compound 12 exhibited a maximal
inhibition of 41% and the inhibitory effect of compound 13 is constant until 100
pug/mL at only 17%. Compound 14 showed a maximal effect of only 24%, with
an IC;, of 36.0 pg/mL and EI of 0.6. Compound 10 was found to be the less ac-
tive among all the tested derivatives with an IC,, of 255.5 ug/mL and an EI of 0.1.

4. Discussion

Oxidative stress, mainly lipid peroxidation (LPO) has been recognised to be in-
volved in the etiology of several liver diseases [29] including viral and non-viral

hepatitis [30]. As such, targeting LPO can be a valuable way of managing liver
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Figure 7. Comparative inhibitory effect over lipid peroxidation of isovitexin and
its semi-synthetic derivatives on hepatocyte’s membranes.
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diseases such as hepatitis. Indeed, inhibition of lipid peroxidation is the mecha-
nism of many hepatoptotective drugs, including plant extracts [31]. In a bio-
logical system, hydrogen peroxide (H,0,), a reactive oxygen species generated
during oxidative stress, is known to cause damage to proteins, nucleic acids, and
cell membranes [32]. It is the most effective specie for cellular injury [33], a
well-known oxidant often used as a model compound to induce acute oxidative
stress and subsequent lipid peroxidation (LPO) in vitro and in vivo. In the pre-
sent study, a phytochemical survey of the aerial part of D. uncinatum was con-
ducted through a bioactivity-guided fractionation, using H,0O,-induced LPO of
hepatocytes’ membranes as model. The crude methanol extract of the plant ex-
hibited a more potent activity against lipid peroxidation as compared to sily-
marin, a standard commercial drug. Buettner in 1993 [34] explains that antioxi-
dants able to protect lipids from peroxidation can be classified in three main
types: 1) preventive antioxidants which hinder reactive oxygen species formation
or 2) intercept species responsible of LPO initiation, and 3) chain breaking anti-
oxidant which during the induction process, intercept radical spreading LPO
and delays the peroxidation. The plant extract may be acting through one of
these mechanisms.

The activity exhibited by the crude methanol extract was however less potent
than both its partitioned n-butanol and ethyl acetate fractions while the aqueous
residual fraction had no effect. This result suggests that the bioactive molecules
of D. uncinatum are n-butanol and ethyl acetate soluble compounds.

Among the compounds isolated from the EtOAc fraction, 1 and 2 were
saponins and instead showed prooxidant activity. This result is in contradiction
with some of our previous findings which showed the antioxidant activities of
some saponins [35]. This lack of activity for compounds 1 and 2 could be attrib-
uted to the position and the number of sugars found on the osidic chain
branched to the aglycone. Compound 3, a flavolignan with the structure close to
that of silibin B the main constituent of silymarin, did not exhibit any activity.
This can be explained by the hydrogen bond between the hydroxyl group at po-
sition C-5 on the A ring and the carbonyl group at C-4 on the C ring. This hy-
drogen bond only spares the hydroxyl group at position C-7 on ring A, that has
little reactivity. Therefore the absence of hydroxyl group at C-3 position may
justify the lack of activity of compound 3.

The cerebrosides enrich sub-fraction (FA) and C-glycosylflavonoids enriched
sub-fraction (FB) obtained from the n-butanol fraction were less effective than
the n-butanol fraction itself. This suggests that the hepatoprotective effect of the
n-BuOH extract might be due to a synergistic action between polar phenolic and
non-phenolic compounds present in the whole fraction. Sub-fraction FA was
more potent than FB and these findings are somehow surprising as flavonoids
are known as reputed antioxidants. The great activity of the cerebrosides (4, 5)
which are the main constituents of sub-fraction FA could be attributed to the

presence of the alkene functions present on their side chains. Alkene groups can
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easily prevent or reduce the chain breaking during LPO by providing peroxyl
radicals with hydrogen and atoms to stabilize the resulting more stable radicals.
Also, the allylic alcohol group found in compound 4 can easily donate hydrogen
to stabilize radical HO produced from the dismutation of H,O, in order to stop
the oxidative process over lipids of the membranes. This could then explain why
compound 4 is more active than compound 5 which lacks the allylic alcohol
group.

Isovitexin (7) and vitexin (8) isolated from FB showed similar inhibitory effect
over LPO and subsequent MDA production contrary to vicenin-3 (9) which was
less active. According to their respective EI, the three compounds were less ef-
fective than their parent fraction FB, isovitexin being the most potent and
vicenin-3 the least potent. The hepatoprotective effects of vitexin and isovitexin
reported in this study are in agreement with those previously shown by Manikya
et al. [36] using a carbon tetrachloride (CCl,) hepatotoxicity model.

Based on the EI values of the three C-glycoside flavonoids (7, 8 and 9) which
have the same aglycon, it could be established that the LPO inhibitory activity
depends both on the number of the sugars and their location sites on the agly-
con. Isovitexin (7) which had the highest LPO inhibitory and subsequent hepa-
toprotective activity differed from the other flavonoids (8, 9) by the position of
the glucosyl moiety. Thus, the C-glycosylation of flavonoids at C-6 position in
the A-ring tends to increase the LPO inhibitory activity than the glycosylation at
C-8 position in the same ring. The C-glycosylation at both sites C-6 and C-8 as
in compound 9 significantly reduced the activity. These results might be due to
steric hindrance imposed by the presence of a sugar moiety at C-8 which can in-
hibit the proton donation through the hydroxyl group at C-7. In order to verify
this hypothesis, five semi-synthetic derivatives of isovitexin (7) were prepared
and their activities also evaluated. The combination of the structures and the ac-
tivities seems to support our proposal.

All the semi-synthetic derivatives of isovitexin (7) namely 10, 11, 12, 13 and
14 inhibited lipid peroxidation of hepatocyte’s membranes more or less in a
concentration-dependent manner. It is worth noticing that all semi-synthetic
derivatives of isovitexin were less active than isovitexin, thus suggesting that
substitution of hydrogens in hydroxyl groups at C-4', C-7 and C-5 by alkyl
groups significantly reduced the hepatoprotective effect. It is also clearly estab-
lished that the activity depends on the nature of the alkyl group present at this
position. Although the O-alkylation at C-4' position in B ring reduced the activ-
ity, the allyl group (compound 11) has a lower effect on the LPO inhibitory ac-
tivity of 7 as compared to the prenyl group (compound 13). It can therefore be
assumed that the higher the alkyl group is substituted the more the steric hin-
drance and the less effective the protons of the remaining phenolic hydroxyl
groups can be donated thus leading to a reduced activity. Compound 14 was
found to be the most efficient, and compounds 12 and 13 the less active. It is

also established that compound 12 containing one more allyl group at position
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C-7 is less active than compound 11. It could therefore be deduced that the ac-
tivities of C-glycosylflavonoids are mainly attributed to their free hydroxyl
groups. This is corroborated with the activity of compound 10 which is drasti-

cally reduced compared to that of compound 7.

5. Conclusion

The inhibitory effect of the methanol crude extract of aerial part of D. unci-
natum on lipid peroxidation of hepatocyte’s membranes is mainly attributed to
compounds of high to medium polarity. These compounds are mainly cere-
brosides and C-glycosylflavonoids namely vitexin and isovitexin. From the
structure-activity study, it has been established that the number of C-sugars,
their sites of fixation on the aglycone and the number of the free hydroxyl
groups on the aglycone are capital features for the activity. This study reveals
that D. uncinatum possesses potent LPO inhibitory substances that may result to
its hepatoprotective activity. It however appears that the n-butanol fraction
showed a higher activity as compared to other fractions and to the isolated
compounds. Therefore it could be advisable for the development of phytomedi-
cine against hepatitis from D. uncinatum to focus on this particular fraction. The
advantage of the present study is that using bio-guided fractionation; we have

streamlined the active extract.
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