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ABSTRACT

Terminalia is a genus of Combretaceous plants extensively distributed in tropical and subtropical areas. Numerous
species of this genus have been utilized for medicinal purposes because of their valuable phytoconstituents. This study
aimed to compare between the phytoconstituents of the hydroalcoholic extract (HAE) of Terminalia bentzone (T.
bentzoe) leaves as polar extract and its petroleum ether extract (PEE) as a nonpolar extract. Concerning this, total
phenolics, flavonoids, proteins and carbohydrate content of the HAE were estimated. HPLC analysis of HAE revealed
identification of nine phenolic acids, two flavonoids and one anthocyanin, they were gallic, ellagic, pyrogallol, catechin,
chlorogenic acid, synergic acid, pyrocatechol, cinnamic acid, paraqumaric acid, caffeic acid, quercetin and rutin arranged
according to the order of elution. Colum chromatographic separation of HAE resulted in the isolation of six compounds
for the first time named: gallic acid?, ellagic® methyl gallate® catechin®, rutin® and quercetin®. On the other hand, the PEE
was fractionated to saponifiable and unsaponifiable fractions and both fractions were analysed by GC/MS. The GC/MS
analysis of the saponifiable fraction revealed the identification of thirty-seven compounds as fatty acid methyl esters
representing 83.51% of the total fraction, methyl hexadecanoate (39.98%) constitutes the major fatty acid methyl ester
followed by methyl octadecanoate (6.62%). The analysis of the unsaponifiable fraction disclosed the presence of forty-
nine compounds representing 72.32% of the total compounds, where butylated hydroxyl toluene (10.03%) constitutes the
major compound. Both HAE and PEE were evaluated for their in vitro antioxidant potential by DPPH and [-carotene
methods. The HAE superiors PEE in its antioxidant potentiality. Correspondingly, the HAE was subdued for further
investigation embracing its in vivo antioxidant and antihyperlipidemic activities.
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INTRODUCTION

The genus Terminalia (Family Combretaceae), comprises
two hundred and fifty species, is widespread in Egypt and
other tropical and subtropical countries. Many valuable
phytoconstituents isolated from this genus and used
extensively in the development of drugs against various
diseases, including triterpenoids for cardiovascular
properties’, tannins and flavonoids for its anticancer and
antioxidant properties®, hydrolyzable tannins for antiviral
activity® and other biologically active ingredients used
primarily for treating mild or chronic ailments’®.
Research work was done on various species of terminalia
as antihyperlipidemic and antioxidant agent'®*> which are
the main topics of this work. T. bentzoe (L.) is a
flowering evergreen tree belongs to this family. Its
vernacular names were bois binjouin, benjoin, badamier ,
bois benzoin, bois charron. Its bark resin is used
traditionally to treat skin infections and as sudorific. The
bark decoction or infusion was used to treat diarrhea,

dysentery and to stop bleeding. Leaf and bark decoctions
are taken to treat colds, cough and bronchitis. Its wood
has been used in constructions and for carpentry. Also, its
leaves extract has shown to posses antiplasmodial, anti-
inflammatory and cytotoxic activitiesé. To the authors'
knowledge, there was a little work has been reported on
the leaves of T. bentzoe (L.)*'°. Therefore, this work
aims to phytochemical screening of the HAE and PEE of
the leaves both qualitatively and quantitatively, in
addition to investigating their in vitro antioxidant
activities. The present research was also undertaken to
investigate the in vivo antioxidant and antihyperlipidemic
activities of the HAE leaves extract.

MATERIAL AND METHODS

Plant material

Green leaves of T. bentzoe (L.) were collected from the
Giza Zoo Garden, Cairo, Egypt, in March 2013 and
identified by Mrs. Tereez Labib, Consultant of Plant
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Taxonomy at the Ministry of Agriculture and director of
the Orman Botanical Garden, Giza, Egypt. The leaves of
plant were rinsed with running tap-water for about 20-30
min. till all the foreign material and soil particles
detached from the leaves surface and afterward shade-
dried in air at room temperature. The air-dried leaves
were finely powdered utilizing an electric grinder and
separately subjected for ethanolic and petroleum ether
extraction.

Preparation of plant extracts

The powdered air-dried leaves of T. bentzoe (L.) (5009)
were individually extracted to exhaustion in a soxhlet
apparatus using ethanol (70%) and petroleum ether. The
extracts were singly filtered through Whatman filter
paper No.1 and then concentrated in a rotary evaporator
at a temperature range of 40°-50°C. Definite yields of the
HAE (22.4%) and PEE (4.6%) were obtained.
Phytochemical analysis of leaf extract

In this study, preliminary phytochemical screening
(colour reactions) was operated on the HAE and PEE
leave extracts according to standard methods?*-22,

Total phenolic assay

The total phenolic content (TPC) of the HAE, expressed
as mg of gallic acid equivalents (GAE)/g dry weight of
the extract, was estimated using the Folin—Ciocalteu
reagent®® using gallic acid as a reference standard. The
estimation was carried out in triplicate and averaged.
Total flavonoid assay

The total flavonoid content (TFC) of the HAE, expressed
as quercetin equivalents/100g of the dry extract, was
determined according to a spectrometric method?*.

Total protein content

The protein content of the HAE was estimated as total
nitrogen by the procedure adopted by Pearson using
micro-Kjeldhal method®®. The crude protein was
subsequently calculated by multiplying the nitrogen
content by 100/16 or 6.25. The factor 6.25 is derived
from the generalization that most proteins contain 16%
nitrogen.

Total carbohydrates

The total carbohydrate content was determined as glucose
by the phenol-sulphuric acid method. A known weight of
each dried extract (30 mg) was mixed with 10 ml H2SO4
(IM) and refluxed on a boiling water-bath for 2 h. The
volume was adjusted to 100 ml in a volumetric flask with
distilled water. To one ml of the sample solution, 1ml of
5% phenol solution was added, followed by 5 ml conc.
H>S0O4. The mixture was allowed to stand for 10 min. in a
water-bath at 25°C to 30°C. The absorbance of the
characteristic yellow-orange colour was measured at
490nm against a blank?®. The amount of carbohydrates in
the sample was determined by reference to a standard
curve of glucose.

% Sugar = y/m x100

Where y and m are the mean reading of the sample
weight and the slope (0.003), respectively.

High performance liquid chromatography (HPLC)

The polyphenols were analysed in HPLC according to the
method described by Cam?” with some modifications as
follows: The HAE of the dried plant was analysed on the

Agilent 1200 (USA) HPLC system with a diode array
detector. Hichrom C18 (4.6 mmx250 mm; 5 um particle
size) column, 40°C column temperature and 20 pl
injection volume were used in the analysis. The solvent
system was a gradient of water-acetic acid (98:2) (A) and
methanol (B). The gradient employed was: starting with
95% A, from 95% A to 50% for 10 min, from 50% A to
30% for 5 min at a flow rate of 1.0 ml/min. The phenolic
compounds were monitored at 272 nm for gallic acid, 275
nm for (-)-epicatechin, 279 nm for chlorogenic acid,
syringic acid, psoralen and 356 nm for rutin. The spectra
of these polyphenols were recorded between 190-400 nm.
Gallic acid, (-)-epicatechin, chlorogenic acid, syringic
acid, psoralen rutin were determined quantitatively by
using the external standard method. The HPLC method
was validated. Due as et al.?8 reported that the limit of
detection (LOD) and the limit of quantification (LOQ) are
defined as 3:1 and 10:1 peak to noise ratio. LOD and
LOQ were calculated for gallic acid, chlorogenic acid,
syringic acid, rutin, (-)-epicatechin and psoralen.
Investigation of lipoidal matter

The petroleum ether extract (1g) was saponified
according to the method described elsewhere®, by
refluxing with 50 ml alcoholic KOH (10%) for 6 h. After
distillation of ethanol and dilution with water, the
unsaponifiable fraction was extracted with ether. The
residue left after the evaporation of ether (USM) was
weighed and kept for GC/MS analysis. The aqueous
mother liquor was acidified with 10% HCI and the
liberated fatty acids were extracted with ether. The
residue left after evaporation of ether (FA) was weighed
and subjected to methylation.

Methylation of fatty acids

Fatty acid fraction of the PEE was subjected to
methylation®, by refluxing with 50 ml absolute methanol
and 3ml of H,SO, for 2 h, then cooled, diluted with about
100 ml of distilled water and transferred to a separating
funnel. The fatty acid methyl esters (FAMES) were
extracted several times with ether. The combined ethereal
extracts, in each case, were washed several times with
water until free of acidity, dehydrated over anhydrous
sodium sulphate and the ether was evaporated to dryness.
The fatty acid methyl esters (FAME) were kept for
GC/MS analysis.

GC/MS analysis of fatty acid methyl esters and
unsaponifiable matter

The FAME and USM fractions were subjected to GC/MS
analysis adopting the following conditions: Capillary
column of fused silica (5% phenyl methyl polysiloxane),
30m length, 0.25mm 1.D. and 0.25 pm thickness, DB-5,
carrier gas helium at 13 psi; oven temperature 50-280°C
at a rate of 5°C /min for USM and FAME; ion source
temperature 220°C; ionization voltage 70 ev ; accelerated
voltage 2000 v; volume injected 1pl. The identification of
the compounds was accomplished by comparing their
retention times and mass spectral data with those of the
library (Wiley Int. USA) and NIST (Nat. Inst. St
Technol., USA) and/or published data3!.

Column chromatography of HAE
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Table 1: Phytochemical screening of ethanol and
petroleum ether extracts of T. bentzoe (L.) leaves

Phytochemical constituents ~ Ethanol  Petroleum
extract ether

extract

Carbohydrates ++ -
Fats/Oils + ++
Saponins - -
Terpenoids + +
Steroids - +
Flavenoids ++ -
Phenolics/Tannins +++ -
Cardiac glycosids - -
Proteins/Amino acids ++ -
Alkaloids - -
Anthraquinones - -
+=Present ; -=Absent

Table 2: Results of HPLC analysis of ethanol extract
of T. bentzoe (L.) leaves

Phenolic compound Concentration
Gallic acid 36.28*
Ellagic acid 12.24
Pyrogallol 2.76
Catechin 5.18
Chlorogenic acid 4.73
Synergenic acid 5.51
Pyrocatechol 9.68
Querectin 5.52
Cinnamic acid 3.04
P-Qumaric 1.33
Rutin 2.01
Caffeic acid 1.49

*Values are expressed as relative area percentage

COOH
HO OH
OH
1
OH
HO I 0 O OH
OH
OH
4

3

Forty grams of HAE were applied on diaion HP20 CC
(120x5cm) and subjected to reversed phase
chromatography starting elution with 100% water till
100% methanol. Five main fractions (A-E) were obtained
by mixing similar fractions. Fraction B eluted with 25%
methanol water was subjected to reversed phase
chromatography on a polyamide S6 column starting
elution with water till 100% methanol. Fractions of 500
ml each were collected, inspected on Whatman PC 1MM,
using butanol:acetic acid:water, 4:1:5 (BAW), 15%
and/or 6% acetic acid as solvent systems, six major
fractions were obtained by mixing similar fractions (I-
VI). Fraction | was chromatographed on PC eluted with
6% acetic acid/H2O led to the isolation of compounds
1&2. Fractions Il was chromatographed on PC eluted
with 6% acetic acid/H,O leading to the isolation of 3.
Fraction 111 was subjected to PC fractionation using 15%
AcOH to obtain compound 4. Fraction IV was subjected
on a Sephadex LH-20 column using methanol/water 30%
to obtain compound 5. Fraction V was subjected on a
Sephadex LH-20 column using methanol/water 50% to
obtain compound 6. The final purification of all
compounds was performed on Sephadex LH-20
(Pharmazia Sweden).

In vitro antioxidant activity with DPPH method

The antioxidant activity of the extract was measured as
described by Gebhard®? using the 1,1-diphenyl-2—
picrylhydrazyl (DPPH®°) free radical scavenging capacity.
1 ml of each plant extract was mixed with 3 ml of
methanol solution of 0.004 % DPPH and the absorbance
was read at 517 nm 30 min later. The radical scavenging
activity of the samples (antioxidant activity) was
expressed as percent inhibition of DPPH° radical as

following:
% Inhibition = [(Acontrol —Atreatment)/Acontror)] X 100
COOCH,
HO OH
OH

2o 1"

5 6

Figure 1: Chemical structure of compounds 1-6 isolated from Terminalia bentzoe (L.) leaves.
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Table 3: GC/MS Analysis of the fatty acid methyl esters of Terminalia bentzoe

No. Compound R¢ B.P. M* (S)ZI) Area Mol. Formula
1 Methyl decanoate 19.17 186 74 0.10 C11H2,02
2 Methyl,4-0x0-nonanoate 20.54 186 98 0.06 CioHi6 O3
3 Dimethyl octandioate 22.65 202 129 0.15 CioH1s O4
4 Methyl dodecanoate 24.60 214 74 0.76 CizHzs O3
5 Dimethyl nonanedioate 25.28 216 152 1.14 Ci1Hz0 O4
6 Methyl tridecanoate 27.08 228 74 0.18 Ci4H23 O2
7 Dimethyl decanedioate 27.71 230 74 0.14 C12H22 Oy
8 Methyl tetradecanoate 29.49 242 74 4.40 C15H3002
9 Methyl undecanedioate 30.04 244 98 0.19 C13H24 O4
10 Methyl-4-pentadecenoate 31.33 254 74 1.02 Ci6H30 O2
11 Methyl pentadecanoate 31.69 256 74 0.74 CisH32 O3
12 Methyl-7-hexadecenoate 33.36 268 55 0.08 Ci7H32 O3
13 Methyl hexadecanoate 34.12 270 74 39.98 Ci7H34 O3
14 Methyl heptadecanoate 35.86 284 74 0.42 CigHs36 O3
15 Methyl-2-hydroxyhexadecanoate 36.27 286 227 0.42 Ci7H34 O3
16 Methyl-9,12-octadecadienoate 37.20 294 81 0.76 CioH34 O3
17 Methyl-9-Octadecadecenoate 37.32 296 55 0.85 Ci19H3602
18 Methyl octadecanoate 37.87 298 74 6.62 CioH33 O3
19 Methyl nonadecanoate 39.65 312 74 0.39 C20H1002
20 Methyl-10-hydroxy octadecanoate 40.13 314 255 0.56 CioH3g O3
21 Methyl-6,9,12-octadecatrienoate 40.75 292 79 1.14 C19H3,0;
22 Methyl eicosanoate 41.52 326 74 5.32 C21H120-
23 Methyl henicosanoate 43.17 340 74 0.72 C2H440;
24 Methyl-2-hydroxy eicosanoate 43.63 342 283 0.46 C21H4203
25 Methyl docosanoate 44.85 354 74 1.74 Ca23Ha602
26 Methyl tricosanoate 46.41 368 74 1.06 C24Has O3
27 Methyl-2-hydroxy docosanoate 46.90 370 311 0.89 Ca3Has O3
28 Methyl tetracosanoate 47.95 382 74 2.06 CasHs0 O2
29 Methyl-2-hydroxy tricosanoate 48.45 384 325 1.37 Co4Hag O3
30 Methyl pentacosanoate 49.41 396 74 0.69 CasHs2 O
31 Methyl-2-hydroxy tetracosanoate 50.03 398 339 3.25 CasHso O3
32 Methyl hexacosanoate 51.06 410 74 1.29 C27Hs402
33 Methyl 2-hydroxy pentacosanoate 51.73 412 353 1.07 CasHs2 O3
34 Methyl heptacosanoate 52.94 424 74 0.22 CasHs602
35 Methyl-2-hydroxyhexacosanoate 53.77 426 367 0.60 Co7Hs4 O3
36 Methyl octacosanoate 55.27 438 74 1.56 Ca2oH550-
37 Methyl nonacosanoate 58.03 452 74 0.12 C30He002
Total identified area 83.51

Where: Acontrol, 1S the absorbance of the control; Arreatment,
is the absorbance of the treatments.

Standard antioxidants (BHA and TBHQ, 200 ppm) were
used for comparison as positive control. IC50 value was
calculated using the dose inhibition curve.

In vitro antioxidant activity with the f-carotene bleaching
method

The antioxidant activity of the extracts was evaluated
using B-carotene-linoleic acid®. A stock solution of B-
carotene-linoleic acid mixture was prepared as follows:
0.5 mg of pB-carotene was dissolved in 1 mL of
chloroform (HPLC grade); 25 uL of linoleic acid and 200
mL of tween 40 were added as emulsifier because -
carotene is not water soluble. Chloroform was completely
evaporated using a vacuum evaporator. Then, 100 mL of
distilled water was added with vigorous shaking for 30
min; 2500 uL of this reaction mixture was dispersed to
test tubes, and 150, 250 and 350 uL portions of extracts

were added. The emulsion system was incubated for up to
48 h at room temperature. The same procedure was
repeated with a positive control BHA, TBHQ and a
blank. After this incubation time, the absorbance of the
mixture was measured at 490 nm. Tests were carried out
in triplicate. Inhibition of coloration of B-carotene in
percentage (1%) was calculated as:

1% = [(Ablank — Asample)]/ Aplank] % 100

Where Apiank is the absorbance of the control reaction
(containing of the reagents except the test compound) and
Asample iS the absorbance of the test compound.

Acute toxicity study

In this experiment, the animals received one oral dose of
250, 500 and 1000mg of T. bentazoe HAE/kg body
weight. These animals were then observed for 15 days.
The dead animals were counted and the mortality rate
was calculated. Safety dose was monitored according to
the recorded LDsp.
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Table 4: Results GC/MS Analysis of the Unsaponifiable Matter of Terminalia bentzoe

No. Compound Rt B.P. M* Rel. Area (%) Mol. Formula
1 2-Ethyl-1-hexanol 9.65 57 130 1.57 CgH130
2 Undecane 17.80 57 1560 0.25 CuHa
3 Dodecane 19.16 57 170 0.05 C12H26
4 Tetradecene 21.04 55 196 0.11 CiaHazg
5 B-lonone 23.16 177 192 0.39 C13H200
6 Butylated hydroxyanisole 23.33 165 180 0.36 CisH240
7 n-Pentadecane 23.93 57 212 0.11 CisHa
8 Butylated hydroxy! toluene 24.43 220 205 10.03 C11H1602
9 4-phenyl-decane 25.14 91 218 0.12 CieHos
10 3-phenyl-decane 25.59 91 218 0.11 CieHos
11 1-Hexadecene 26.30 83 224 2.67 CuaHz
12 n-Hexadecane 26.44 57 226 0.44 CiaH3s
13 5-phenyl undecane 27.35 91 232 1.15 Ci7Hos
14 4-phenyl undecane 27.59 91 232 0.71 Ci7Hos
15 3-phenyl undecane 28.07 91 232 0.70 Ci7Hzs
15 Heptadecene 28.65 83 338 0.04 Ci7Has
16 Heptadecane 28.82 57 240 0.28 Ci7H36
17 2-phenyl undecane 28.95 105 232 1.01 Ci7Has
18 6-phenyl dodecane 29.57 91 246 0.83 CisH3o
19 5-phenyl dodecane 29.68 91 246 1.15 CigHao
20 4-phenyl dodecane 29.95 91 246 1.21 CigHso
21 3-phenyl dodecane 30.43 91 246 1.26 CigHao
22 1- octadecene 31.01 97 252 5.22 CigHss
23 2-phenyl dodecane 31.32 105 246 1.84 CisHzo
24 6-phenyl tridecane 31.78 91 260 2.33 CioHa2
25 5-phenyl tridecane 31.93 91 260 1.45 CioH32
26 6,10,14-trimethyl-2-pentadecanone  32.18 58 268 5.03 CisH36 O
27 3-phenyl tridecane 32.70 91 260 2.14 CioH32
28 Nonadecane 33.24 57 268 0.44 CioHao
29 2-phenyl-tridecane 33.52 105 260 2.02 CioH32
30 Isophytol 34.27 71 296 0.08 CooH40 O
31 1-Ecosene 35.23 97 280 4.01 Ca0Hao
32 1-Heneicosene 36.96 83 294 0.23 CaHa,
33 n-Heneicosane 37.23 57 296 0.35 CaiHas
34 Phytol 37.57 71 296 1.59 CaH40 O
35 1-docosene 39.06 97 308 4.35 CaoHas
36 9-Triecosene 40.74 83 322 0.33 CasHas
37 n-Tricosane 40.91 57 324 0.40 CosHas
38 1-Tetracosene 42.59 97 336 151 CoaHag
39 B-sitosterol 43.35 386 414 0.09 CaoHs0 O
40 n-Pentacosane 44,92 57 352 1.52 CosHs2
41 B-amyrin 45.56 218 426 1.35 CaoHs0 O
42 1-Hexacosene 45.85 97 364 4.20 CasHs2
43 n-Hexacosane 46.86 57 366 0.41 CasHsa
44 n-Heptacosane 47.46 57 380 1.57 Ca7Hs6
45 n-Octacosane 48.93 57 394 241 CagHss
46 Squalene 49.42 69 410 0.25 CaoHso
47 n-Nonacosane 50.50 57 408 1.71 Ca9Heo
48 n-Triacontane 52.25 57 422 0.93 CsoHs2
49 n-Hentricontane 54.40 57 436 0.21 CsiHes
Total identified area 72.32%

Antihypercholesterolimic activity study
Experimental design

Twenty four male albino rats were selected for this study
and divided to four groups (six rats each) as follows:
Group 2,
hypercholesterolemic group received cholesterol, Groups

Group 1, normal healthy control rats,

3 received cholesterol and treated with the plant extract at
the same time and for the same duration, Group 4,
received cholesterol and treated with the lipanthyl drug
(50mg finofibrate/kg body weight) at the same time and
for the same duration and served as a reference treated
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Table 5: Effect of treatment with T. bentazoe on obesity index, body and relative liver weights of
hypercholesterolemic rats

Liver  weight Relative liver

Obesity index (Ol)

Groups Body weight (BW)

(LW) weight
Normal control 139.82+25.53¢ 6.14+0.21° 3.90+0.472 5.47+0.62
Hypercholesterolemic 214.68+14.03® 5.45+0.53% 2.48+0.15¢ 7.18+1.06?
Hypercholesterolemic + T. 174.84+44.72°9(28.49) 5.71+1.33% 3.22+0.18% 5.93+0.77°(22.85)
bentazoe (8.95) (12.05)
Hypercholesterolemic + 171.54+14.48b% 5.731+0.412 3.31+0.14° 4.91+0.45¢ (41.49)
Drug (30.85) (4.56) (21.28)

e Data are means £ SD of six rats in each group.
BW and LW are expressed in grams.

Relative liver weight = (LW/BW) x 100.

Ol = Body weight (kg)/ body height (m)?

weight, p< 0.0009 for OI.

Unshared letters between groups are the significant values at p<0.0019 for BW, p<0.00001 for relative liver

e 9% of improvement = Hypercholesterolemic mean - treated mean x 100

Control mean

Table 6: Effect of T. bentazoe HAE extract and lipanthyl drug on lipid profile and liver function levels in

hypercholesterolemic rats

Hypercholesterolemic  Hypercholesterolemic +

Parameters  Control Hypercholesterolemic +T. bentazoe Drug
TC 117.00+13.51¢ 177.0045.70° 139.00+20.73" o
(32.47) 121.00+14.17 (47.86)
HDL-C 20.63+3.52*  13.71%+1.66° 15.45+1.66" (8.43) 17.72+1.86% (19.43)
LDL-C 69.93+13.24°  112.29+5.60? 89.45+24.02(32.66)  75.80+15.41°(52.18)
TG 132.17£16.72¢ 255.02+36.492 177.37+13.17° 137.39+16.72° (88.99)
(58.75) R '
AST 132.17£16.72¢ 255.02+36.492 177.37+13.17° 137.39+16.72° (88.99)
(58.75) R '
ALT 40.19+4.12¢ 56.32+7.92° 47.99+7.46"°(20.72)  46.22+4.27% (25.13)

e Data are means £ SD of six rats in each group.

e Lipid profile is expressed as mg/dL and liver function indices as U/L.
e Unshared letters between groups are the significant values at p<0.00001for cholesterol, p<0.0007 for HDL-C,
p<0.0179 for LDL-C, p<0.00001 for triglycerides, p<0.0001 for AST and p< 0.0003 for ALT.

Values between brackets are % of improvement =

Hypercholesterolemic mean - treated mean x 100

Control mean

group. At the end of the experiment, the liver and body
weight of the rats in each group were estimated.

Diet

Control groups were fed with a standard diet (El-Kahira
Co. for Oil and Soap), while hypercholesterolemic groups
were fed with standard diet containing 150g lard/kg
diet®*. The modified diet was taken along with the oral
administration of cholesterol to get a condition of high fat
and cholesterol level®® and to ensure triglycerides
elevation®.

Administration regimen

Administration regimens according to Adaramoye et al.*’
were five times/one week for nine consecutive weeks.
Doses of T. bentazoe were selected according to the
toxicity study. The selected dose was 500mg/kg body
weight. Cholesterol was orally given at a dose 30
mg/animal. Lipanthyl drug (Mina Pharm., Egypt) was

orally given at a dose 50mg/kg body weight®. The dose
of lipanthyl drug was calibrated to exactly contain 50 mg
of fenofibrate/kg body weight.

Sample preparations

Blood collected from each animal by puncturing the
sublingual vein in a clean and dry test tube, left 10
minutes to clot and centrifuged at 3000 rpm for serum
separation. The separated serum was stored at -80°C for
further determinations of lipid profile and liver function
enzymes. Liver tissue was homogenized in normal
physiological saline solution (0.9% NaCl) (1:9 w/v). The
homogenate was centrifuged at 4°C for 10 min at 3000
rpm and the supernatant was stored at -80°C for further
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Table 7: Effect of T. bentazoe HAE extract and lipanthyl drug on oxidative stress markers of Hypercholesterolemic

rats.

Parameters  Control Hypercholesterolemic I;ypercholesterolemic + T. Hypercholesterolemic +
entazoe Drug

MDA 0.92+0.03%  2.02+0.15% 0.97+0.08°114.13 1.02+0.14°108.69

GSH 51.40+3.04% 22.20+1.92¢ 32.20+1.929(19.45) 44.60+4.33%(43.57)

SOD 54.60+2.96" 119.20+4.96% 90.40+1.82°(52.74) 86.20+3.19%(60.43)

o Data are means + SD of six rats in each group.

o Values are expressed as umol/mg protein for MDA and ug/mg protein for GSH and SOD.
e Unshared letters between groups are the significant values at p<0.00001.
[ )

Values between brackets are % of improvement =

Hypercholesterolemic mean - treated mean x 100

Serum cholesterol was determined by the method of
Meiattini et al.%, serum high density lipoprotein
cholesterol (HDL-C) was determined according to the
method of Bustein et al.“%, serum low density lipoprotein
cholesterol (LDL-C) was determined by the method of
Assmann et al.*%, serum triglyceride (TG) was measured
by the method of Fossati and Prencipe*? using a
diagnostic kit ((Spectrum, Egypt) and total protein in
liver tissue was estimated by the method recorded
elsewhere®3, Aspartate and alanine amintransferases
(AST& ALT) were estimated as previously described*:.
Malondialdehyde (MDA) was assayed according to the
method of Buege and Aust®®. Glutathione (GSH) was
assayed according to a reported method*. Total
superoxide dismutase (SOD) was assayed according to
Nishikimi et al.*’.

Histopathological study

Liver slices were fixed in 10% paraformaldehyde and
embedded in paraffin wax blocks. Sections of 4um thick
were stained with hematoxylin & eosin (H&E), then
examined under a light microscope for determination of
pathological changes*.

Statistical analysis and calculations

All data were expressed as mean = SD of six rats in each
group. Statistical analysis was carried out by one-way
analysis of wvariance (ANOVA), Costat Software
Computer Program. A significant value between groups
was at p<0.05, % of change = control mean - treated
mean/control mean x 100 ; % improvement = treated
mean - cholesterolemic mean/control mean x 100;
mortality rate = number of dead animals/total animal
number x 100

RESULTS AND DISCUSSION

Phytochemical screening

The HAE and PEE vyields were found to be 22.4% and
4.6%, respectively. The present study clearly confirms the
presence of various phytoconstituents like terpenoids,
sterols, tannins, flavonoids and phenolics in both HAE
and PEE, as depicted in Table 1. These secondary plant
metabolites may be responsible for their numerous
medicinal effects. The total phenolic and flavonoid
contents for HAE were 765.1mg/g Gallic acid equivalent
and 137.87mg/g carotene equivalent, respectively,
meanwhile the total protein and carbohydrate contents

Control mean

were 5.20 and 8.04%w/w. By and large, the total
flavonoid and phenolic contents are relatively high in
HAE, thence this may conceivably accountable for the
more noticed radical scavenging activity of HAE than
PEE, due to these compounds can promptly give atom to
the radical and it has been accounted for that the amount
of phenolic compounds in an extract is specifically
proportional to its free radical scavenging capacity*.
HPLC analysis of HAE permits identification of the
isolated compounds with respect to their peak area. It
disclosed the presence of nine phenolic acids, two
flavonoids and one anthocyanin. They were gallic,
(36.28%), ellagic (12.24%), pyrogallol (2.76%) catechin
(5.18%) chlorogenic acid(4.73%) synergic acid (5.51% )
pyrocatechol (9.68%) cinnamic acid (3.04%) paraqumaric
acid (1.33 %) caffeic acid (1.49 %) querectin (5.52%) and
rutin (2.01%) arranged according to the order of elution
(Table 2). Chromatographic examination of the HAE of
T. betazoe L. leaves resulted in the isolation and
identification of six compounds for the first time from T.
betazoe L. leaves, they were identified as gallic acid?,
ellagic® methyl galate® catechin®, rutin® and quercetin®
(Fig. 1). Structure elucidation of all isolated compounds
was realized through Rs-values, colour reactions,
chemical investigations (complete and mild acid
hydrolysis) and spectral investigations (UV, NMR and
MS)50-52.

Gallic acid®: White amorphous powder, R¢ values: 0.65
(BAW) and 0.52 (15% HOAc) on PC, UV at A max
(MeOH): 270. 'H-NMR(500 MHz, DMSO-d6, ppm):
6.98 (s, H-2, H-6).

Ellagic acid® Off-white amorphous powder, R¢ values:
0.30 (BAW) and 0. 40 (15% HOAc) on PC, UV at A max
(MeOH): 255, 364.'HNMR (500 MHz, acetone, ppm)
Methyl gallate®: Off-white amorphous powder, Ry values:
0.76 (BAW) and 0.60 (15% HOAc) on PC, UV at A max
(MeOH): 220, 275 nm. 'HNMR (500 MHz, acetone,
ppm) 7.01(s, H-2 and H-6) and 3.71 (s, methyl ester
proton). BC-NMR: 120.33(C-1), 109.00 (C-2), 145.43
(C-3), 138.47 (C-4), 145.43 (C-5), 109.00 (C-6), 167.28
(C-7), 51.46 (COO-CHs).

Catechin*: Pale pink amorphous powder, R¢ values 0.76
(BAW) and 0.62 UV spectra (MeOH): Amax 280 nm and
sh 330 nm. 'H-NMR (500 MHz, acetone-d6): at & ppm
4.47 (H-2, d, J=7.8 Hz), 4.08 (H-3, ddd,), 2.45 (H-4a, dd,
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Figure 2: DPPHe radical scavenging activity of Figure 3: Antioxidant activity of petroleum ether and

petroleum ether and ethanol extracts.

ethanol extracts with the 3-carotene bleaching method.

Figure 4: Haematoxylm and eosin (H&E) stain liver sections (200x) of control rats: (a) (arrows indicate normal
hepatocytes), hypercholesterolemic rats, (b) (arrows indicate fat vacuoles deposition), hypercholesterolemic rats treated
with plant extract, (c) (arrows indicate normal cells appearance) and hypercholesterolemic rats treated with lipanthyl
drug, (d) (arrows indicate well structured hepatocytes with normal appearance).

J=8.50 Hz, J=16.10 Hz), 2.80 (H-4e, dd, J= 5.50 Hz, J=
16.10 Hz], 5.78 (H-6, d, J= 2.3 Hz), 5.95 (H-8, d, J=2.3
Hz), 6.81 (H-2', d, J=1.95 Hz), 6.74 (H-5', d, J=8.00 Hz),
6.66(H-6', dd, J=1.94 Hz, J=8.4 Hz). BC-NMR (125
MHz acetone): 27.7 (C-4), 66.3 (C- 3), 80.9 (C-2), 93.9
(C-6), 95.1 (C-8), 114.5 (C-2), 115.1 (C-5), 18.4 (C-6)
and other aromatic carbons showed peaks at & of 99.1,
130.6, 144.6, 144.8, 155.3, 156.1 and 156.4.

Rutin®: Yellow amorphous powder, R¢ values(BAW)
0.380 and (15% HOAc) 0.66 *H-NMR: UV at A max
nm
(MeOH):258,300,358;NaOMe:272,327sh,410;
AICl5:275,305s5h,420; AlCIs/HCI: 269,301sh,35
8,400;NaOAc:272,324sh,379;NaOAc/H3B:262,
378. H-NMR (500 MHz, DMSO-d6): 5 ppm 7.52 (2H,
m H-2°/67), 6.84 ( 1H, d, J = 9 Hz, H-5"), 6.36 (1H,
d,J=2.5Hz, H-8), 6.20 (1H,J=2.5Hz, H-6), 5.36 (1H, d,
J=7.5 Hz, H-17), 4.38 (1H, s, H-1""), 3.90-3.20 (m,
remaining sugar protons), 0.99 (3H, d, J=6 Hz, H-6"")
13C NMR(125 MHz, DMSO-d6): § ppm 177.84 (C-4),
164.70 (C-7), 161.66 (C-5), 157.15 (C-2), 156.96 (C-9),
148.90 (C-47), 145.25 (C-37), 133.76 (C-3), 122.12 (C-

6°), 121.66 (C-1"), 116.73 (C-2°),115.72 (C-5°),104.41
(C-10), 101.66 (C-1) 101.20(C-1""", 99.24 (C-6), 94.16
(C-8),74.58(C-37"),72.33(C-57"),72.2(C-4"),71.05(C-
277),70.8(C-2"),70.87(C-3")70.  49(C-4")  68.74(C-
6°7)18.20(C-6™).

Quercetin®: Yellow amorphous powder, Ry values : 0.03
(15% HOAC), 0.70 BAW. UV at A max (MeOH): 258,
268sh, 295sh, 368. Negative ESI-MS: m/z : 301.20 . 'H-
NMR: 7.69 (d, J= 2.1, H-2"), 7.55 (dd, J =2.1 Hz, and 8.4
Hz, H-6", 6.90 (d, J= 8.4 Hz, H-5'), 6.42 (d, J= 1.8 Hz,
H-8), 6.20 (d, J= 1.8 Hz, H-6).

As is evident in Table 3, which illustrate the results of
GC/MS analysis of the saponifiable fraction of T. bentzoe
thirty seven compounds, representing 83.51% of the total
peak area, in which methyl hexadecanoate represents the
major fatty acid methyl ester (39.98%) beside 8.62% of
hydroxy fatty acid methyl ester. On the other hand, the
unsaponifiable matter contains the largest number of the
identified compounds (49 compounds), representing
72.32% of the total peak area as depicted in Table 4, in
which unsaturated hydrocarbon constitute 22.63% of the
total identified compounds among these, 1-octadecene
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5.22% represents the major compound, and phenyl
hydrocarbon constitute 18.03% of the total identified
compounds, 6-phenyl tridecane (2.33%) is the major one.
Acute toxicity test and antioxidant activity

No dead animals were seen along the experimental period
and this affirms the extract safety. So, we chose the
median dose of 500mg/kg b.wt. for additional biological
investigations. This study declares that both HAE and
PEE have potential antioxidant activities as described in
Figures 2 and 3 in a dose dependent manure>5, It is
evident (Fig. 2) that the HAE has more potent antioxidant
activity than the PEE as the former contains the highest
amounts of flavonoids and polyphenols. These
compounds have a ubiquitous class of alternative
antioxidants and display a constructive role in avoiding
free radical damage and owe its antioxidant property®®.
Antihyperlipidemic activity

Hyperlipidemia, the disorder of lipid metabolism is
distinguished by exalted serum total cholesterol, low
density and very low density levels of lipoprotein
cholesterol. Hyperlipidemia-related lipid disorders are
considered to bring about atherosclerotic cardiovascular
disease®’. Presently, available hypolipidemic drugs have
been associated with a variety of side effects®. So the
current interest has fortified the search for new lipid-
lowering agents with littlest side effects from natural
sources. Herbal therapy for hyperlipidemia has
insignifican side effects and economic impacts in
decreasing the lipid levels®. Previous studies®®® have
shown the hypolipidemic and anti-dyslipidemic activity
of flavonoid-rich extract, disclosing a potential role of
flavonoids in the treatment of hyperlipidemia. Likewise,
treatment with T. Chebula and its combination with
gaumutra significantly diminishes the cholesterol,
triglyceride, VLDL-C, LDL-C, atherogenic index and a
noteworthy increment in HDL-C in serum and different
tissue homogenate like aorta, liver and Heart. Anti-
hyperlipidemic activity of this combination may be
because the presence of anthraquinones, tannins, chebulic
acid, chebulinic acids, gallic acid and ellagic acid®’. No
direct evidence for the antihyperlipidemic activity of T.
bentazoe leaf extract has been published up to now. In
this work, we demonstrated for the first time that the T.
bentazoe leaf extract possessed potent antihyperlipidemic
activities. Body and liver weights as well as the obesity
index in diverse groups were depicted in Table 5. In case
of body weight treatment with the extract and lipanthyl
drug brought about amelioration by 28.49, and 30.85%,
respectively, showing a diminishing in cholesterol and fat
deposition in the liver. In the meantime, increase of liver
weights was observed by 8.95, and 4.56%, respectively,
and the relative liver weight was improved by 12.05 and
21.28%, respectively. The obesity index recorded
amelioration after treatment with extract and the selected
drug reached to 22.85and 41.49%, respectively. High fat
diet induced hypercholesterolemia in rats significantly
increased TC, TG and LDL-C as compared to normal rat,
while HDL-C was significantly decreased®?. Our results
presented in this work showed that the administration of
the HAE of T. bentzoe at a dose of 500mg/kg body

weight leads to ameliorations in these parameters by
32.47, 8.43, 32.66 and 58.75% for TC, HDL-C, LDL-C
and TG, respectively (Table 6). To correlate between the
hypolipidemic and antioxidant effect of T. bentazoe with
its active ingredients, we noticed the presence of
flavonoids, polphenolic, and threnodies. Previous
reports®¢* demonstrated that flavonoid-rich fraction
decreased the levels of lipids in the plasma and tissues.
Hepatoprotective and antioxidant effects

In case of liver function enzymes, AST and ALT
recorded a significant increase in hyperlipidemic rats as
compared with the control group. This was in accordance
with the results of Awad et al.? who attributed this
increase in enzyme activities to the increase of cell
membrane fluidity that leads to enzyme leakage into the
circulations. Treatment with plant extracts showed
improvement by 58.75 and 20.72%, respectively (Table
6). This was in agreement with those reported by Sarkar
et al.®® who found the same results after treatment of iron
intoxicated rats with T. chebula (Retz.) fruit extract. The
oxidative stress markers imparted significant increment in
MDA and SOD as compared with the control group,
while it recorded a considerable decrement in GSH level.
Treatment with plant extract indicated improvement in
MDA, SOD and GSH by 114.13, 52.74 19.45%,
respectively (Table 7). Some authors (Shukla et al.,
2004) ascribed the enhancement of the antioxidant levels
after treatment to the constituents existing in the extract
which may diminish the levels of lipid peroxidation
products by scavenging free radicals like hydroxyl,
superoxide anion, and peroxy-free radicals or by
diminishing the accessibility of lipid substrate. The in-
vitro results of the antioxidant effect of the plant extract
affirmed its role as free radical scavenging effects.
Histopathological evaluation

Light microscopic investigation of the liver sections of
normal rats indicated the hepatic lobules brought about by
radially arranged cords of normal liver cells that radiated
from the central vein to the periphery of the lobule (Fig.
4a). Hypercholesterolemic rat livers demonstrated
extensive vacuoles of lipid accumulation and loss of
normal hepatic architecture and dark inflammatory
infiltrates (Fig. 4b). This was in concurrence with the
outcomes reported by Awad et al. ®2 and Hamed® who
observed the same structure of the liver after high fat diet.
This was ascribed to the existence of fatty liver as a result
of hypercholesterolemia and accumulation of large
vacuoles of fat. Treatment with T. bentzoe extract showed
minimal fat deposition in hepatocytes and less
degenerative changes in the liver (Fig. 4c). Treatment
with lipanthyl drug showed more or less normal
hepatocytes appearance with very rare fat vacuoles
deposition (Fig. 4d).

CONCLUSION

In conclusion, the results suggest the effectiveness of
both the ethanolic and petroleum ether extracts of T.
bentzoe leaves as in vitro antioxidant agents, where, the
ethanolic extract showed the most potent effect due to its
enrichment with flavonoids, tannins, protein and
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carbohydrates.  In addition, ethanol extract recorded
hypolipidemic, hepatoprotective and antioxidant effect in
hypercholesterolemic rats. However, studies are required
in human subjects to prove its clinical efficacy as a
hypolipidemic agent.
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