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Abstract

This study aimed to identify the chemical constituents of the aqueous methanolic extract from the Latania verschaffeltii leaves and evaluate the
biological activity. The extract was chromatographed on polyamide S6 column and eluted with H,O/MeOH mixtures of decreasing polarity,
yielding seven phenolic compounds, which were identified using *H and 3C NMR. Hepatoprotective activity of extract was evaluated for liver
damage caused by CCl, in rats by biochemical assays on serum and antioxidant enzyme as well as histopathological studies. Administration of
the extract (100 and 200 mg/kg) for 21 days showed that at dose 200 mg showed significant reduction in serum ALT and AST levels to their
respective standard value, significant decreases in MDA (1.21 nmol/ml) & NO (45 um/ml) and significant increases in GSH (1.05 pg / ml),
TAC (1.6 pg/ ml) and SOD (1.92 um/ml). Histopathological studies of liver showed moderate changes in liver histoarchitecture when compared
to the CCl, group. Furthermore, DPPH study revealing a promising antioxidant activity was observed (ICsy = 44.68+1.67 pg / ml) when
compared to trolox. The extract of the L. verschaffeltii leaves afforded seven phenolic compounds for the first time from this species, with
promising hepatoprotective and antioxidant activities. In conclusion, the treatment with the extract of the L. verschaffeltii leaves extract could
reduce damage induced by CCl,. The mechanism of protection including the inhibition of lipid peroxidation, increasing the content of GSH,

elevating the expression of antioxidant enzymes, all of which result in recuperation of biological parameters.
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Introduction

Herbal medicines have been used for centuries to treat
both human and animal diseases around the world, and
various pharmacological studies are still validating their
uses. Many studies have focused on a range of biological
activities, including antioxidants, antibacterial and anti-
inflammatory properties, as well as cytotoxic properties.
Nowadays, there's a lot of interest in using natural
products because they don't have as many side effects as
synthetic drugs [1]. Phenolic compounds are known to be
safe natural antioxidants, as they reduce the progression
of a variety of diseases by blocking free radicals. The liver
is widely regarded as the primary organ involved in the
detoxification and regulation of metabolic processes in
the body, and its associated disorders are numerous and
without effective treatments [2]. Despite this, the quest

for new medicinal products is ongoing. Many traditional
plant-based remedies have been used for centuries to treat
liver disorders.

The Palmae is a widely-recognized family of plants,
consisting of 181 genera and approximately 2600 species.
Itis often referred to as the Princess of the Plant Kingdom,
and is considered to be the third most significant plant
family for human consumption. Palm plants are
characterized by their large, evergreen fronds, which are
arranged at the apex of a stem without any branches [3].
The Palmae family is renowned for its economic
significance human beings, encompassing a wide range of
products, such as coconut, oils, and dates, as well as palm,
ivory, carnauba, and rattan cane, as well as raffia and
palm wood [4].
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The Palmae are known for having a lot of different
types of compounds in their roots, leaves, fruits, and
seeds, include fatty acids, amino acids, phenolic acids,
flavonoids, tannins and alkaloids [5].

The Palmae family has been found to possess a wide
range of biological properties, including antimicrobial,
especially antifungal and antibacterial, antiviral activity,
as well as anti-inflammatory and antioxidant properties,
as well as plasmodial, anti-allergy properties, cognitive
activity and cytotoxicity properties [6].

The family has been neglected chemically, probably
because of the difficulty of collecting fresh material and
getting it authenticated [7]. L. verschaffeltii no
information was available dealing with phytochemical
and biological activities. Therefore, this study focuses on
the isolation and identification of secondary metabolites
in the aqueous methanol extract obtained from the plant
leaf. It also aims to determine the total phenolic,
flavonoid, in vitro antioxidant and in vivo
hepatoprotective activities of the extract.

Materials and Methods
General experimental procedure

'H NMR and *C NMR spectra were obtained on
Bruker AMX-400, Avance 400, and Avance 300
spectrometers (Bruker, Rheinstetten, Germany) with
standard pulse sequences operating at 400, 300 MHz in
'H NMR and 100, 75 MHz in *CNMR. Chemical shifts
are given in 6 values (ppm) using DMSQO as the internal
standard. UV spectra were recorded with Shimadzu UV-
1601 (Shimadzu, Tokyo, Japan).

Column chromatography (CC) was carried out on
polyamide S6 column for column chromatography
(Merck, Germany).and Sephadex LH-20 (Fluka,
Pharmazia, Uppsala, Sweden); PC was carried out on
Whatman No. 1 and 3 mm paper using the following
solvent systems: (1) BAW (n- BUOH/HOAC/H20, 4:1:5);
(2) H20 and (3) AcOH/H20 (15:85). 1, 1- Diphenyl-2-
picrylhydrazyl (DPPH), trolox, gallic acid, rutin and other
chemicals were purchased from Sigma Chemical Co. (St.
Louis, MO, USA). Folin-Ciocalteu solution and 95%
ethanol were purchased from Merck Co. (Santa Ana, CA,
USA).

Chemicals and biochemical

CCl, was purchased from Merck, Germany.
Silymarin was acquired from Sedico Pharmaceutical Co,
6th of October City, Egypt. For serum alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), hepatic reduced glutathione (GSH), total
antioxidant capacity (TAC), nitric oxide (NO),
malondialdehyde (MDA), superoxide dismutase (SOD),
biodiagnostic kits (Biodiagnostic Co., Dokki, Giza,
Egypt) were acquired. Solvents and all other used
chemicals were of analytical quality.

Plant material

L. verschaffeltii leaves were gathered from EI-Abd

Garden, Alexandria-Egypt desert road during March

2018. The samples were separately air-dried in the shed,
powdered, and kept in tightly sealed round flasks and
stored for biological studies. Identification of the plant
was confirmed by Prof Dr. Ibrahim El-Garf, Professor of
Plant Taxonomy, Department of Botany, Faculty of
Science, Cairo University, Egypt. A voucher specimen
(No. 13-03-2018-2) has been deposited in the Herbarium,
Faculty of Science, Cairo University.

Extraction and isolation

L. verschaffeltii leaves (1.75 kg) were crushed, then
the methanolic extract was evaporated under decreased
pressure, leaving behind 120 gm of lyophilized material.
A sample (100 gm) of the dry extract was fractionated by
liquid/liquid fractionation by different solvents with
different polarity to give two fraction chloroform and n-
butanol. Then the n-butanol polar fraction. (45 gm) was
fractionated by chromatography on polyamide 6 column
(45 cm | x 3 cm d, 500 g) and elution was started with
water and then with a mixture of water/ methanol with
gradual increase of methanol in water till 100%
methanol.by 25 % increment.

Similar fractions (500 mL each) were pooled together
after investigation by paper chromatography (PC) using
n-butanol: acetic acid: water (BAW) (4:1:5) and 15 %
acetic acid as solvent system as a developing solvent, and
the similar fractions were collected together to give five
major fractions (1-V).

Five collective fractions were obtained and
concentrated under vacuum, fraction Il and 1V were
subjected to further column chromatography for isolation
and purification of flavonoids. The main two fractions
(Il and IV) were applied on Sephadex column LH-20 CC
with MeOH-H,O (30 %). The first subfraction was
purified using Sephadex column LH-20 CC and MeOH-
H20 (10%) as the solvent system, yielding sub fraction
(1.3 gm) that were then further purified using Sephadex
CC and MeOH HPLC, vyielding pure samples of
compound 1 and 2 (45 mg) and 3 (25 mg). The second
subfraction was purified using Sephadex column LH-20
CC and MeOH-H20 (30%), resulting in two compounds
that were then further purified using Sephadex CC and
MeOH -H20 (30%), yielding pure samples of 4 (22 mg)
and 5 (32 mg).

Applying fraction IV to Sephadex column LH-20 CC
with MeOH-H20 (30 %) as the solvent system resulted
in two subfractions, the first sub fraction was purified
using Sephadex column LH-20 CC and MeOH-H20
(30%), resulting in one compounds which was then
further purified on Sephadex LH-20 CC using MeOH-
H20 (10%) to produce the pure compound of 6 (17 mg).
while on purification of the second subfraction (110 mg)
using MeOH-H-0 (30 %). resulted in the formation of one
compounds that were then further purified on Sephadex
LH-20 CC using MeOH-H,0 (10%) to produce the pure
compound of 7 (15 mg).

Quantification of total phenolic content (TPC)
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TPC was carried out using the Folin-Ciocalteu
colorimetric method described by [8]. Five mg of MeOH
extract dissolved in 5 ml of 50% MeOH to prepare a
solution of final concentration, 1 mg/ml. An aliquot (2 ml)
of the extract and standard solution of gallic acid (8-100
pg/ml) was added to 25 ml volumetric flask containing
1.5 ml of Folin-Ciocalteu reagent and 4ml of 20%
Na,COj3 solution, then the solution was diluted to 25 ml
with distilled water. The absorbance was measured, after
30 min at 765 nm using spectrophotometer, against a
blank prepared at the same time using 2 ml of distilled
water instead of the standard solution. All concentrations
were carried out in triplicate. (TPC) were expressed as
gallic acid equivalent (GAE).

Quantification of total flavonoid content (TFC)

Total flavonoid concentration of plant extract and
fractions was determined according to the reported
procedure by [9]. 100 pl of plant extract (10 mg/ml) in
methanol was mixed with 100 pl of 20 % AIClsz in
methanol and a drop of acetic acid and then diluted to 5
ml with methanol. The absorbance was measured at 415
nm after 40 min against the blank. The blank consisted of
all reagents and solvent without AICIs. All determinations
were carried out in triplicate. The total flavonoid
concentration was expressed as rutin equivalents.
Determination of in-vitro antioxidant activity

The free radical scavenging activity of the extracts,
based on the scavenging activity of the stable 1,1-
diphenyl-2- picrylhydrazyl (DPPH) free radical, was
determined by the method described by [10].

A methanolic solution of DPPH (400 uM), the tested
extracts dissolved in methanol were added at different
concentrations (0.1-100 pg/ml). After 20 min the decrease
in the absorbance of test mixture (due to quenching of
DPPH free radical) was measured at 517 nm. Methanol
was used as a blank, the methanol and DPPH solution as
a baseline control (AQ) and trolox as positive control.

The capability of scavenging DPPH radical was then
calculated by using the following equation:

Scavenging effect (%) = (Ao - A1) X 100/ Ag

Where Ay is the absorbance of the control reaction and A;
is the absorbance in the presence of the sample of the
tested extracts. The 1Cso was calculated as the amount of
antioxidant present in the sample necessary to decrease
the initial DPPH concentration by 50%. The least 1Cso the
highest the effectiveness [11].

The ICso was calculated graphically using a calibration
curve in the linear range by plotting the extract
concentration versus the corresponding scavenging
effect.

Determination of hepato-protective Activity
Toxicity study

The LDso of the aqueous methanolic extract of L.
verschaffeltii was estimated according to Kkarber's
procedure (1931). Male albino mice (100-120 gm) were

divided into groups, each of six animals. Preliminary
experiments were carried out to determine the minimal
dose that kills all animals (LD1og) and the maximal dose
that fails to kill any animal. Several doses at equal
logarithmic intervals were chosen in between these two
doses; each dose was injected in a group of six animals.
The number of dead animals in each Biologically guided
study group, 24 hrs after injection was determined and
the median lethal dose (LDso) was calculated
Determination of in-vivo hepatoprotective activity
Animals

Adult male Sprague-Dawley rats (100-150 g) were
used in this study. They were purchased from the Animal
House, National Research Center, Egypt. All animals
were kept in a controlled air environment (57% £ 2%
moisture and 12:12 hours light and dark photo-cycle) and
22°C = 2°C temperature with access to water and ad
libitum diet. All experimental methods followed the
ethical rules of the Misr University for Science and
Technology Ethics Committee in Egypt (PG-1). The
animals were observed daily to guarantee that at any point
of the investigations the animals did not tolerate. CCls-
induced hepatotoxicity study was performed as stated by
[12].

Experimental design

Forty-two were distributed into seven groups, 6 rats in
each as follows:

Group I: rats were administrated saline orally (1 ml/ kg
b. wt.) for 21 days as normal control.

Groups Il and 111 rats were orally administrated L.
verschaffeltii extract at two different doses (100 and 200
mg/kg b. wt., respectively), alone for 21 days.

Group 1V: rats were orally administrated saline for 15
days followed by a single dose of CCl4 (1.5 mg/kg b.wt.)
twice weekly until day 21.

Group V: the reference drug silymarin (25 mg/kg b.wt.)
was administrated orally for 15 days and CCl4 (1.5 mg/kg
b.wt.) was conducted twice a week until day 21.

Groups VI and VII: L. verschaffeltii extract (100 and
200 mg/kg b.wt., respectively) was administrated orally
for 15 days, followed by CCl, (1.5 mg/kg, b.wt.) twice a
week until day 21.

All experimental methods followed the ethical rules
of the Misr University for Science and Technology Ethics
Committee in Egypt. The animals were observed daily to
guarantee that at any point of the investigations the
animals did not tolerate
Biochemical assays

A test-reagent kit developed according to the method
described by [13] was used to colorimetrically measure
the activity of the serum enzymes (AST and ALT). The
superoxide dismutase (SOD) activity in rat liver cytosol
was measured as the degree of inhibition of auto-
oxidation of pyrogallol at an alkaline pH according to the
method described by [14]. The method used by [15]
preserved hepatic nitric oxide level. According to [16]
approach, the MDA level estimated. The method used by
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[17] to estimate TAC level. The level of reduced
glutathione (GSH) was determined in rat liver
homogenate according to the method described by [18].
Blood sample preparation

By the end of the experiment, blood samples were
obtained from the retro-orbital vein plexuses, under ether
anesthesia. In clean, dry test tubes, sera were extracted
from the acquired blood samples by centrifuging at 1,500
rpm (4°C) for 10 minutes while allowing the blood to
coagulate. For additional analyses of the levels of liver
enzymes and the evaluation of hepatic oxidative stress
markers, the clear supernatant serum was maintained at
20°C. Additionally, liver tissue was isolated for
histological analysis.
Histopathological studies

Liver sections were cut out and washed quickly with
normal saline, then handled thoroughly for
histopathological observation. First, the materials were
placed in 10% buffered neutral formalin and paraffin,
then layers of 5 um thickness were sorted out in alcohol-
xylene series and stained with alum hematoxylin and
eosin. For histopathology transformation, the liver
sections were examined through light electric microscope
[19].
Statistical analysis

All information in each group was shown as mean +
SD of six rats. Among several other procedures, we
implanted the one-way variance assessment analysis of
variance (ANOVA) for statistical analysis, followed by
the least significant difference at p < 0.05.
RE SULTS AND DISSCUSSION
Phytochemical results

Seven known phenolic compounds as shown in figure
1 were isolated for the first time from L. verschaffeltii
leaves from the aqueous methanolic extract. The
compounds were identified as; Apigenin-7-O- pS-D-
glucopyranoside (1), Luteolin-6-C- 8-D glucopyranoside
(Isoorientin)  (2)  apigenin-8-C-p-D-glucopyranoside
(Vitexin) 3), apigenin-6-C-p-D-glucopyranoside
(isovitexin) (4), luteoline-8-C--D glucopyranoside
(Orientin) (5), their aglycone; apigenin (6), and luteolin
(7). by using different spectroscopic analyses and
comparing with previously reported data.
Characterization and identification of the isolated
compounds
Apigenin-7-O- g-D-glucopyranoside (1)

yellow amorphous powder, Rf values (x100) 21
(HOACc-15), 52 (BAW). UV Spectral Data Amax (nm):
MeOH: 265, 333; NaOMe: 270, 389; +NaOAc: 267,
355, 385;+NaOAc /H3BOs: 268, 337; +AICIs): 275, 302,
345, 385; +AICly/ HCI: 277, 299, 341. 'H NMR (400
MHz, DMSO0-d6) & (ppm): 7.95 (d, J = 8 Hz, H-2', 6,
6.95 (d, J =8 Hz, H-3', 5", 6.85 (s, H-3), 6.83 (d, J =25
Hz, H-8), 6.45 (d, J = 2.5 Hz, H-6). 5.05 (d, J = 7.5 Hz,
H-1"), 3.15-3.58 (m, rest of glucose protons.’*C NMR
(100 MHz, DMSO-d6) 4 (ppm): 164.8 (C-2), 103.4 (C-3),
182.4 (C-4), 162.3 (C-5), 100.0 (C-6), 163.4 (C-7), 95.3

(C-8), 157.4 (C-9), 105.8 (C-10), 121.2 (C-1), 129.1 (C-
2'), 116.6 (C-3'), 161.6 (C-4'), 116.6 (C-5), 129.1 (C-
6.100.4 (C-1"), 73.6 (C-2"), 76.9 (C-3"), 70.1 (C-4"),
77.7 (C-5"), 61.1 (C-6").

Luteolin-6-C- g-D glucopyranoside (Isoorientin ) (2)
yellow amorphous powder, Rs values (x100) 13 in
(HoAC-15% ), 17 in (BAW).; UV Spectral Data Amax
(nm): MeOH: 242sh, 255, 271, 349; +NaOMe
:267,278sh,337sh,406; +NaOAc: 276, 323, 393;
+NaOAc /H3BOs: 265, 377, 429; +AICls): 265, 279,
296sh, 361,384. 'H NMR (400 MHz, DMSO-d6) §
(ppm): 7.43 (1H, dd, J =2Hz & 8.1Hz, H-6"), 7.40(1H, d,
J =2Hz, H-2"), 6.90 (1H, d, J = 8.1Hz, H-5'), 6.67 (1H, s,
H-3), 6.48 (1H, s, H-8), 4.59 (1H, d, J=9.8, H-1"), 3.10-
3.93 (5H, m, H-2"— H-6"). *C NMR (100 MHz,
DMSO0-d6) & (ppm): 164.07 (C-2), 103.20 (C-3), 182.28
(C-4), 161.10 (C-5), 109.34 (C-6), 164.00 (C-7), 93.98
(C-8), 93.98 (C-8), 156.67 (C-9), 103.75(C-10), 121.80
(C-1"), 113.70 (C-2"), 146.25 (C-3"), 150.28 (C-4"), 116.51
(C-5"), 119.41 (C-6'),73.52 (C-1"),71.07 (C-2"), 79.42
(C-3"),70.64 (C-4"), 82.03 (C-5"), 61.94 (C-6").
Apigenin-8-C-g#-D-glucopyranoside (Vitexin) (3)
yellow amorphous powder, Rs values (x100) 0.25 in
(HOACc-15%), 0.28 in BAW; UV Spectral Data Amax
(nm):  MeOH: 271, 332, 364,+NaOMe: 280,
394,+NaOAc: 277, 384,+NaOAc/H3BO3: 273,
335,+AICI3: 278, 348,+AICI3/HCI: 278, 348; 'H NMR
(400 MHz, DMSO-d6) & (ppm): 13.135 (s, OH-5),
10.80(s, OH-7), 7.97 (d, J=8Hz, H-2', 6"), 6.92 (d, J=8Hz,
H-3', 5", 6.69 (s, H-3), 6.24 (s, H-6), 5.01 (d, J=9.6Hz, H-
1"), 4.73 (s, OH-2"), 4.57 (s, OH-3"), 3.86 (s, OH-4"),
3.73 (d, J=8.4Hz, Ha-6"), 3.17-3.54 (5H, m, H-2", H-3",
H-4", H-5", H-6b"), (overlapped the rest sugar protons).
13C NMR (100 MHz, DMSO-d6) § (ppm): 164.01 (C-2),
102.65 (C-3), 182.19 (C-4), 161.80 (C-5), 98.85 (C-6),
167.53 (C-7), 105.10 (C-8), 156.49 (C-9), 104.16 (C-10),
122.01 (C-1Y), 129.23 (C-2"), 116.40 (C-3"), 160.82 (C-4",
116.40 (C-5"), 129.323(C-6"), 71.39 (C-1"), 71.06 (C-2"),
79.17 (C-3"), 70.19 (C-4"), 82.14 (C-5"), 62.21 (C-6").

Apigenin-6-C-#-D-glucopyranoside (isovitexin) (4)

yellow amorphous powder, Rs values (x100) 0.50 in
(HOAC-15%), 0.60 in BAW; UV Spectral Data Amax
(nm): MeOH: 332, 272; +NaOMe: 339, 332 sh, 281;,
+NaOAc: 391, 305 sh, 281; +NaOAc/H3;BOs: 350, 400
sh, 278; +AICls: 340, 385, 305, 278; +AICIs/HCI: 340,
385, 365, 278; 'H NMR (400 MHz, DMSO-dé6) & (ppm):
7.92 (2H, d, J = 8.8 Hz, H-2'/6"), 6.94 (2H, d, ] = 8.8 Hz,
H-3'/5"), 6.74 (1H, s, H-3), 6.50 (1H, s, H-8), 4.61 (1H,
brs, H-1"), 3.17-3.70 (5H, m, H-2""-H-6"). 3C NMR (100
MHz, DMSO-d6) & (ppm): 182.30 (C-4), 164.90 (C-2),
164.40 (C-7), 163.96 (C-5), 161.54 (C-4"), 156.96 (C-9),
128.71 (C-2'/6"), 121.70 (C-1"), 116.47 (C-3'/5"), 109.47
(C-6), 103.74, (C-10),103.30 (C-3), 94.58(C-8), 81.66 (C-
5"), 79.44 (C-3"), 73.33 (C-1"), 71.15 (C-2"), 70.72 (C-
4"), 61.74 (C-6").
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Luteoline-8-C-#-D glucopyranoside (Orientin) (5)
yellow amorphous powder, R¢ values (x100) 0.17 in
(HOACc-15%)) and 0.35 in (BAW); UV Spectral Data
Amax (nm): MeOH: 255, 267, 293(sh),346, +NaOMe:
268, 278sh, 334sh, 405, +NaOAc: 287, 325, 386,
+NaOAc/H3sBOs: 264, 375, 430(sh), +AlICls: 276, 302sh,
329, 429, +AICI3/HCI: 265, 276, 296sh, 357, 384; H
NMR (400 MHz, DMSO-d6) & (ppm):7.92 (1H, dd, J =
8.3Hz & 2Hz, H-6"),7.41 (1H, d, ] =2Hz, H-2'), 6.91 (1H,
d, J=8.3Hz, H-5"), 6.66 (1H, s, H-3), 6.53 (1H, s, H-6),
4.70 (1H, d, J=9.1Hz, H-1"), 3.17- 3.99 (5H, m, H-2'- H-
6"). 3C NMR (100 MHz, DMSO0-d6) § (ppm): 182.36 (C-
4), 164.23 (C-2), 163.89 (C-7), 161.01 (C-5), 156.77 (C-
9), 150.20 (C-4"), 146.15 (C-3"), 121.81 (C-1"), 119.47 (C-
6, 116.56 (C-5"), 113.60 (C-2), 109.07 (C-10),
103.74(C-3), 103.13 (C-6), 94.10 (C-8), 81.76 (C-5"),
79.25 (C-3"), 73.45 (C-1"), 70.89 (C-2"), 70.61 (C-4"),
61.81 (C-6").
Apigenin (6)

yellow amorphous powder, R¢ values (x100) 0.12 in
(HOACc-15%); UV Spectral Data Amax (nm): MeOH: 267,
296sh, 336, +NaOMe: 275, 324, 392, +NaOAc: 274,
301,376, +NaOAc/H3BO3: 268, 302sh, 338, +AICI3:
276, 301, 348, 384, +AICI3/HCI: 276, 299, 340, 381; H
NMR (400 MHz, DMSO-d6) é (ppm): 7.92 (2H, d, J=8.5,
H-2', H-6"), 6.91 (2H, d, J=8.5, H-3', H-5), 6.75 (1H, s,
H-3), 6.44 (1H, d, J=2.5, H-8), 6.14 (1H, d, J=2.5, H-6).
13C NMR (100 MHz, DMS0-d6) & (ppm): 170.32 (C-2),
103.60 (C-3), 183.69 (C-4), 163.15 (C-5), 100.93 (C-6),
166.08 (C-7), 95.65 (C-8), 163.93 (C-9), 104.65 (C-10),
123.25 (C-1"), 129.42 (C-2', C-6"), 117.14 (C-3', C-5"),
159.65 (C-4").

Luteolin (7)

R¢ values (x100) 0.28 in (BAW); UV Spectral Data
Amax (nm): MeOH: 252, 265, 290sh, 347, +NaOMe:
266sh, 329sh, 401., +NaOAc: 269, 326sh, 384, 281,
+NaOAc/H3BO3: 259, 301sh, 370, 430sh, +AICI3: 274,
300sh, 328, 426, +AICI3/HCI: 266sh, 275, 294sh, 355,
385; 'H NMR: § (400 MHz, DMSO), § (ppm): 7.40 (d, J
= 2.1 Hz, H-2"), 7.39 (dd, J =8.5Hz and J = 2.1 Hz, H-
6", 6.85 (d,J =8.5 Hz, H-5", 6.60 (s, H-3), 6.4 (d,J =25
Hz, H-8), 6.15 (d, J = 2.5 Hz, H-6). *C NMR (100 MHz,
DMSO0-d6) & (ppm): 163.80 (C-2), 102.80 (C-3), 181.60
(C-4), 157.30 (C-5), 98.90 (C-6), 164.40 (C-7), 93.80 (C-
8), 161.50 (C-9), 103.60 (C-10), 121.40 (C-1"), 113.30 (C-
2", 145.80 (C-3"), 149.80 (C-4", 116.00 (C-5"), 118.90
(C-6".

Quantification of total phenolic content (TPC)

The TPC in the methanolic extract of leaves L.
verschaffeltii was calculated as gallic acid equivalent
(GAE) with reference to gallic acid standard curve
(Y=0.003x - 0.113, R?= 0.994) was 43.76+ 2.4 mg. GAE
per gram of extract.

Quantification of total flavonoid content (TFC)

The TFC in the methanolic extract of the leaves L.

verschaffeltii was calculated as rutin equivalent (RE) with

reference to rutin standard curve (Y=0.003x + 0.054, R?
=0.988) was 22.05+ 0.42 mg. RE per gram of extract.
Biological activity

In-vitro antioxidant activity of the methanolic extracts
from the leaves of L. verschaffeltii using DPPH
scavenging activity method.

The methanolic extract of the leaves from L.
verschaffeltii showed (44.68 pg/ml) with the high
antioxidant activity as shown in Table (1). It is evident
from the present study that the aqueous methanol extracts
of the leaves from L. verschaffeltii could be used as good
sources of natural antioxidants in the pharmaceutical
industry. Thus, further investigations are required to make
optimal use of these plants. However, the compounds
responsible for the antioxidant activities need to be
isolated.

Table (1): In vitro antioxidant activity of the methanolic
extracts from the leaves of L. verschaffeltii using DPPH
scavenging activity method.

Extracts Conc. % scavenging 1Cs
(ng/ml) activity (ng/ml)
L. verschaffelttie 10 20.08 £7.21 44,68 + 1.67
50 54.36 + 10.44
100 84.54+7.29
Trolox 56.82+0.87

Determination of hepatoprotective activity
Toxicity study

Methanolic extract of L. verschaffeltii showed LDsp =
5 g/kg b.wt. and from this result it could be concluded that
the methanolic extract was safe, non-toxic and had wide
therapeutic index [20].

In-vivo hepatoprotective activity

The outcomes achieved indicated that pretreatment
with L. verschaffeltii. extract at 100 and 200 mg/kg
(groups Il and I11) resulted in normal, healthy parameters
that demonstrated the potency hepatoprotectivity of L.
verschaffeltii (Table 2, Fig 3), while oral CCls
administration (group 1V) showed increased ALT and
AST serum concentrations in comparison to the control
(group 1). The hepatic cellular injury, leakage, and liver
injury were justified by the improved effects of
antioxidant enzymes such as GSH, SOD and TAC. These
enzymes’ level was significantly reduced after CCL,4
treatment (group 1V) in comparison to the control group
(group 1), although NO and MDA levels were
significantly high (Table 3 & Fig. 4,5, 6). The explanation
of the hepatotoxic effect of CCl4, occurs as a results of its
metabolic precursor CClse, which occasionally attacks
polyunsaturated fatty acids and produces lipid peroxides,
that in turn alkylates cellular proteins and other
macromolecules [21].
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Fig.: (1): chemical structures of isolated compounds
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Fig. (2): ICsp of the methanolic extract of the leaves from
L. verschaffeltii using DPPH scavenging activity

On the other hand, administration of L. verschaffeltii
extract at both dosages (100 and 200 mg/kg) (VI and VII)
caused marked improvements in the antioxidant’s
enzyme level (Tables 2 and 3). Besides, silymarin treated
rats (group V) showed an increase in the amount of GSH,
SOD, and TAC in the liver tissues. This increase may be
due to GSH regeneration or the creation de novo GSH,

SOD, and TAC (Tables 3) [22]. CCls; administration
showed increased ALT and AST serum concentrations of
the group (1V) relative to the control group (I). These
enzymes increased impacts justified the hepatic cellular
damage, leakage, and liver injury. In comparison to the
control group, the oxidative stress mediators’ levels GSH,
SOD and TAC were significantly decreased, while the
NO and MDA levels were remarkably increased in group
(V) (Table 3). This result was explained as the increased
MDA levels in the liver in group IV enhanced lipid
peroxidation cause destruction of the antioxidant defense
mechanisms that remove accumulated free radicals and
tissue damage [23,24].

L. verschaffeltii extract showed a hepatoprotective
impact in the current study, which was resisting to CClse
cell damage. The antioxidant system associated with
SOD, TAC, and GSH has also been improved, which is
an evidence of hepatic tissue repair and plasma membrane
maintenance from the deficiency induced by CCly,
particularly in the high dose group (V1I), all resulting in
the rehabilitation of biological standards. However, the
presence of bioactive components in the plant extract,
particularly ~ flavonoids and other  polyphenolic
compounds, could be accountable for the preventive,
therapeutic, and antioxidant properties of L. verschaffeltii
[25].

Histopathological findings

The histopathological results of the liver confirmed
our antioxidant markers analysis verifying the
hepatoprotective capability of the L. verschaffeltii extract.
The control animal’s liver section (Fig. 7) exhibited
normal hepatic cells with normal morphological features.

The liver section pretreated with L. verschaffeltii
extract (100 mg/kg) showed normal photomicrograph
with ordinary liver tissue and dilation of hepatic sinusoids
(Fig.8, 9). On the other hands, histopathological changes
were noticed in rats after administration of CCl, (group
IV) revealed marked congestion and inflammatory
infiltration around the central vein and hepatocytes
appeared with large vesiculated nuclei with necrosis and
fatty changes (Fig. 10). This was in agreement with
previous studies which states that CCl4 causes cell death
[26], infiltration of mononuclear cell, steatosis, and
hepatocytes damage, and accelerate the mitotic process in
liver [27]. Silymarin pre-treated rats (group V) before
CCL4 showed recovery of almost the normal structure of
liver with dilated hepatic sinusoids (Fig. 11). This in
agreement with [28] who stated that Silymarin has many
pharmacologic actions including antioxidant, anti-
inflammatory, antifibrotic, and insulin resistance
modulation.

Marked improvements were seen in rats that had been
pre-medicated with L. verschaffeltii extract at both doses
(100 and 200 mg/kg) (V1 and VII) in comparison with the
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CClg-treated group with restoration of the normal
architecture of the liver (Fig. 12, 13).

The liver section of L. verschaffeltii extract handled in
a dose-dependent manner, totally reversed all CClys-
induced deteriorations, with mild necrotic hepatocytes
and congested central vein (Figure 13) at 100 mg/kg dose,
while the extract at 200 mg/kg dose showed improved the
histoarchitecture and well-arranged hepatic cord (Fig.
13). These observations recommended the treatment with

greater extract dose of L. verschaffeltii. (200 mg/kg) after
CCL,4 deteriorations.

To confirm their antioxidant properties are linked to
their function in sustaining the health of the liver, more
research is required on the variation in the enzymatic
antioxidant action as well as the effectiveness and
interactions of this plant's pure complexes.

Table (2): Effect of oral administration of the methanol extract from the leaves of L. verschaffeltii (100 & 200 mg/kg) on
AST and ALT serum activity in CCl, induced hepatotoxicity in rats.

Serum ALT (U/L) Serum AST (U/L)

Mean + SE % change Mean + SE % change
Control (saline) Group | 25+2 19+3
100 mg/ Kg L.verschaffeltii 2855415 14 245b+15 28.9
Group Il
200 mg/ Kg L.verschaffeltii 1950425 22 185%+35 26
Group I
Liver damaged group Group IV 111°+6 344 90.5*+3.5 376.3
Silymarin+ CCL, Group V 35°+3 40 39.5%+25 107.9
100 mg/ Kg L.verschaffeltii + CCL,4 790 4 7 216 65 + 2 2421
Group VI
200 mg/ Kg L.verschaffeltii+ CCL4 50% + 2 100 53+ 3 178.9
Group VII
F () 71.836" (<0.001%) 92.73" (<0.001")

Normal control (saline)

u Silymarin+ CCL4

1200 mg/ Kg Lverschaffelttie

200 g/ Kg Lverschaffelttie + CCL4

uLiver damaged group
1100 mg/ Kg lverschaffelttie
4100 my/ Kg Lverschaffelttie + CCL4

140

1110

905

Serum ALT (UIL)

Serum AST (UIL)

Figure (3): Effect of oral administration of the methanol extract
from the leaves of L.verschaffeltii (100 & 200 mg/kg) on AST
and ALT serum activity in CCls induced hepatotoxicity in rats.
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Figure (4): Effect of oral administration of L. verschaffeltii (100
& 200mg/kg) on NO in CCl4 induced hepatotoxicity in rats.
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Table (3): Effect of oral administration of the methanol extract from the leaves of L. verschaffeltii (100 & 200mg/kg) on
NO, MDA, GSH, SOD and TAC in CCl,4 induced hepatotoxicity in rats.

NO (Um/ml) MDA (nmol/ml) GSH (ug/ml) SOD (U/ml) TAC (ng/ml)
0, 0, 0, 0,
Mean + SE % Mean + SE %o Mean + SE %o Mean + SE %o Mean + SE | % change
change change change change
Control (saline) 22525 0.48 +0.05 155+0.15 0.73+0.04 2.35+0.15
Group |
100 mg/Kg
L. verschaffeltii 245015 | 89 [047°+009| 21 | 14°%010 | 197 |0.63°+0.04| 137 |245°+015| 43
Group Il
200mg/Kg 23°+1 | 22 [043:0.04| 104 [1.65°+0.5| 16.5 [071°+004| 27 |23°£0.20 21
L.verschaffeltiiGroup Il
IL\i/"er damaged group Group | 79 ga 4 45 | 2533 |2.78°+0.07 | 4792 |0.46°+0.01| |70.3 |0.84°+0.10 | 297.3 |0.81°+0.04| 655
Silymarin+ CCLsGroupV | 25°+2 | 11.1 |081%+0.02| 688 | 1.3°£0.10 | |16.1 | 29°+0.20 | 151 | 2.1°+0.10 10.6
100 mg/Kg L.verschaffeltii
+CCLy 60 +2 | 166.7 |2.21%°+0.05| 360.4 |0.81%°+0.02| |47.7 [1.1%+005| 163 |1.15%™005| 51.1
Group VI
200 mg/Kg L.verschaffeltii
+CCL4 4550 +15| 102.2 |1.21%°+0.06 | 152.1 |1.05%+0.02| |32.3 [1.92%+002| 50.7 |16 +010| 31.9
Group V11
Fo) 88.988" 266.773" 19.323" 87.295 26.776"
P (<0.001%) (<0.001") (<0.001") (<0.001") (<0.0017)
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Figure (5): Effect of oral administration of the methanol extract
from the leaves of L. verschaffeltii (100 & 200mg/kg) on MDA
in CCl4 induced hepatotoxicity in rats.
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Figure (6): Effect of oral administration of the methanol extract
from the leaves of L. verschaffeltii (100 & 200mg/kg) on GSH,
SOD and TAC in CCls induced hepatotoxicity in rats

Fig. (7): Photomicrograph of a section from liver of control rats
(Group 1) showing a normal central vein (CV) surrounded by
radiating hepatocytes (H) having round dark nuclei (N) and
homogenous cytoplasm. Mild sinusoids (S) studded by kuffer's

Fig. (8): Photomicrograph of section from liver of rats treated
with methanolic extract from the leaves of L. verschaffeltii (100
mg/kg) (Group Il) showing normal structure of liver with dilated
central vein (CV) surrounded by normal hepatocytes (H). (H&E
stains X400 Mag).
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Fig. (9): Photomicrograph of section from liver of rats treated
with methanolic extract from the leaves of L. verschaffeltii
extract (200 mg/kg) showing normal structure of liver with
dilated of hepatic sinusoids (S).

Fig. (10): Photomicrograph of section from liver of treated
with Silymarin (Group IV) showing normal structure of liver
with dilated of hepatic sinusoids (S). (H&E stains X400 Mag).

Fig. (11): Photomicrograph of a section of rat liver treated with
CCls (Group V) showing congested central vein (CV) and
sinusoid (star), hepatocytes with large vesiculated nuclei (N).
Fatty changes (arrow) and some hepatocytes with pyknotic (PN)
was seen. (H&E stains X400 Mag).

Fig. (12): Photomicrograph of section from liver of rats treated
with methanolic extract from the leaves of L. verschaffeltii
extract (100 mg/kg) and CCls (Group VI) showing normal
structure of liver with congestion of central vein (CV) and blood
sinusoids (S) with congestions (arrow). (H&E stains X400

Fig. (13): Photomicrograph of section from liver of rats treated
with methanolic extract from the leaves of L. verschaffeltii
extract (200 mg/kg) and CCl4 (Group VII) showing restoration
of the normal structure of liver with the central vein (CV)
surrounded by normal hepatocytes (H) and sinusoid (S). Mild
pyknotic hepatocytes (PN) can be seen. (H&E stains X400
Mag).

Conclusion

The agueous methanolic extract from the leaves
of L. verschaffeltie provided seven phenolic compounds
(1-7), which are isolated from this species for the first
time. Additionally, this is the first record of an estimation
of the total phenolic, total flavonoid contents and the in
vitro antioxidant and in vivo hepatoprotective activity of
L. verschaffeltii demonstrate that extract was effective for
the prevention of CCls-induced hepatic damage in rats.
Our results showed that the hepatoprotective effects of L.
verschaffeltii extract may be due to both an increase in the
activity of the antioxidant-defense system and an
inhibition of lipid peroxidation. However, the protective,
curative and antioxidant qualities of L. verschaffeltiimay
be attributed to the presence of active principles in the
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plant

extract,

particularly  flavonoids and other

polyphenolic compounds.
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