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Background and objectives

Hyperlipidemia has been embroiled in atherosclerosis, which is the primary factor of
heart disease and stroke. An important aim in the pivotal restrain of atherosclerosis
awaits an affordable and safe drug that will fundamentally confirm to have a great
effect where treatment is decisive. Humans have been served by a variety of drugs
extracted from a natural source, and the most of these cures were provided by
higher plants.

Materials and methods

The aim of this study is to investigate and assess the hypolipidemic effect of Euphorbia
lathyris L. extracts on high-fat diet-induced hyperlipidemia in rats, and it shows a
scientific proof for expansion of E. lathyris L. as a prospect naturalistic oral
hypolipidemic drug. Rats were administrated orally with cholesterol in a dose of
100 mg/1 ml olive oil/1 kg five times a week for 12 consecutive weeks. This was
accomplished by assessing the activities of particular biochemical parameters
associated with liver functions in tissue of high-fat-diet group when compared with
those of control one. Liver function tests, included aspartate aminotransferases;
alanine and alkaline phosphatases; antioxidants and oxidative stress biomarkers,
such as glutathione, catalase, and glutathione-S-transferase; total antioxidant
capacity; nitric oxide; and lipid peroxide. In addition, lipid profile (cholesterol, total
lipid, high-density lipoprotein-cholesterol, and triglyceride) were also evaluated.
Moreover, histological examination of liver, heart, and kidney was done to prove
the biochemical outcomes.

Results and conclusion

The presentfindings strongly clarify defects in all biochemical measurements, such as
increase in the malondialdehyde level and liver function enzyme activities. However,
reductions in enzymatic and nonenzymatic antioxidant in liver of hyperlipidemic rats
were marked. On the contrary, treatment of hyperlipidemic rats with low and high dose
of methanol and petroleum ether extract of E. lathyris natural product proved to have
ameliorating effects in all biochemical parameters under investigation. The previous
biochemical observations were also accompanied by histopathological examinations
of the heart, liver, and kidney sections, which showed significant recovery of
hepatocytes and amelioration in histological architectures of heart and kidney.

It could be concluded that the two extracts of E. lathyris showed improvement in liver
function enzyme activities, oxidant—antioxidant biomarkers, and lipid profile
activities in liver of high-fat-diet rats.
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Introduction

circulating T lymphocytes and monocytes that heals
by calcification and fibrosis and is the major cause of

Cardiovascular diseases, including coronary artery
diseases, stroke, and myocardial infarction, are the
major reasons of morbidity and death rates in the
world. Hypercholesterolemia is frequently associated
with oxidative stress and release of inflammatory
cytokines and results in the formation and
accumulation of plaque deposits in the arteries,
where it produces multiple structural and functional
disturbances in the vascular wall that results in the
development of atherosclerosis or coronary heart
disease [1]. Hypercholesterolemia is a chronic
inflammatory disease that begins by endothelial
injury, followed by subintimal focal recruitment of
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cardiovascular disease globally [2]. The leading risk
factor for atherosclerosis is hyperlipidemia. Among the
indicators of atherosclerosis development are deviated
increases in serum triglycerides, total cholesterol, and
low-density lipoprotein-cholesterol (LDL-C) levels;
however, high serum high-density lipoprotein-
cholesterol (HDL-C) is known to have a protective

This is an open access journal, and articles are distributed under the terms
of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0
License, which allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and the new
creations are licensed under the identical terms.

DOI: 10.4103/epj.epj_28_19


mailto:hanan_abduallah@yahoo.com

378 Egyptian Pharmaceutical Journal, Vol. 18 No. 4, October-December 2019

effect against the progression of atherosclerosis [3].
Oxygenation and modification of LDL-C to produce
oxidized LDL-C, resulting in the aggregation of
cholesterol in phagocytes and production of foam
cells, boosting the progression of atherosclerosis, can
be caused by reactive oxygen species [4]. Thus,
decreased plasma cholesterol level could enhance the
endothelial cell function and minimize vascular
inflammation [5]. As flavonoids are known to be
antioxidative and anti-inflammatory and exhibit
many other health benefits as well, so the presence
of a high flavonoid content is considered beneficial for
health [6]. These active components (flavonoids) have an
effect on the inflammatory procedures by means of their
action on the implicated enzymes such as protein kinase
C, cyclooxygenase, 5-lipoxigenase, and hyaluronidase
[7]. Many medicinal plants have been used for the
control of hyperlipidemia in past because of their anti-
hyperlipidemic effect, but there was no scientific
evidence of it [8]. Euphorbiaceae includes more than
1500 plant species [9]. Potential source of flavonoid
compounds can be obtained by Euphorbia lathyris. E.
lathyris (caper spurge) is a common biennial garden
plant. It is prevalent in southern England but can
occur throughout Europe, North America, and
Australia. It is known by other names such as the
Mole Plant, Gopher Spurge, and Myrtle Spurge [10].

For proving safety and efficacy of herbal medicines
from simple biological assays to drug standardization
along with toxicity and safety studies, there is
continuous need of scientific research. The present
study is carried out to explore the effects of seeds of
E. lathyris in hypercholestremic rats.

Materials and methods

Chemicals and reagents

All chemicals and gallic acid used in the present study
were of high analytical grade and were the products of
Sigma (New York, USA), Merck (Hidenperg,
Germany), BDH (London, England), Riedel de
Haen (Germany), and Fluka (Switzerland).

Euphorbia lathyris L. (seeds)

E. lathyris L. (seeds) was bought from local market.
The extract of E. lathyris L. (seeds) was carried out on a
quantity of seeds in which it was sufficient to yield
about 20g of crude extract. Seeds were ground and
extracted with petroleum ether, and then the remainder
was extracted by methanol at ambient temperature by
percolation. Every extract was filtered and was
evaporated to dryness under reduced pressure and
totally freed from water by freeze drying and stored
under freezing at -20°C until used.

Cytotoxicity

The MTT assay was developed by method of Bassyouni
et al. [11] and used to determine the in vitro inhibitory
effects of two test extracts on human hepatocellular
carcinoma)HepG2) cell line. In brief, in each
microplate well, cells (10x103) were seeded in RPMI
1640 growth medium, 1% antibiotic—antimycotic
mixture (10 000U/ml potassium penicillin, 10
000 mg/ml  streptomycin sulfate, and 25mg/ml
amphotericin B), and 1% L-glutamine, and 10% fetal
bovine serum was added in the 96-well plate at 37°C
under 5% CO,. After 24h, media was aspirated, fresh
medium (without serum) was added, and cells were
incubated either alone (negative control) or with
different concentrations of extracts to give a final
concentration of 100, 50, 25, 12.5, 6.25, 3.125, 1.56,
and 0.78 mg/ml. After 48 h of incubation, medium was
aspirated, and 40 pl MT'T was added to each well, and
after 4h, 140pl of 10% sodium dodecyl sulfate in
de-ionized water was added to each well and further
incubated overnight at 37°C to solubilize MTT-
formazan crystal. Doxorubicin, which is a known
cytotoxic agent, was used as positive control in
100 mg/ml and gave 100% lethality under the same
conditions. The optical density of each well was
measured at 575nm using a microplate multiwell
reader, and the inhibition of cell growth (%) was
calculated as (1-77C)x100, where C is the mean
OD575 of the control group and 7 is that of the
treated group [1]. The IC50 was determined from
the dose-response curve. A statistical significance was
tested between samples and negative synthesis and
biological evaluation of some new triazolo [1,5-a]
quinolone derivatives as anticancer and antimicrobial
agents control (cells with vehicle) using independent

¢t test by SPSS 11 program (SPSS Inc., Chicago,
Illinois, USA).

Determination of total flavonoid (TFC), phenolic
content, and free radical-scavenging activity of
E. lathyris L. extracts was as follows:

Determination of total flavonoid

Distilled water (100 pl) was added to each of the 96
wells, followed by 10 pl of 50 g/l NaNO, and 25 pl of
standard or sample solution. After 5min, 15pl of
100 g/1 AICl; was added to the mixture; 6 min later,
50 pl of 1mol/l NaOH, and 50l of distilled water
were added. The plate was shaken for 30's in the plate
reader before absorbance measurement at 510 nm. All
samples and standards were measured against an
acetone reagent blank. Rutin was used as a standard
at 5-250 pg/1 to generate a calibration curve (average

R?=0.9990; Table 1 and Fig. 1).



Table 1 Well plate total flavonoid method

Concentration of rutin (ug/ml) Absorbance
50 0.7

100 1

150 1.4
200 1.6
250 1.9
300 2

350 2.3
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Representative standard curves for 96-well assays (flavonoid content).

Determination of total phenolic content

The Folin—Ciocalteu colorimetric method was used
for determination of total phenolic content (TPC) of
each sample [12]. In brief, 100-pl extract (or gallic
acid standard solution) was diluted with 400-pl de-
ionized water in a glass culture tube, and 100-pl
Folin—Ciocalteu reagent was then added. The mixture
was mixed well and incubated at room temperature for
8 min before adding 1-ml 7% sodium carbonate and 0.8-
ml de-ionized water. The mixture was blended well
and incubated for 90min at room temperature.
Duplicates of the sample or standard (200 pl each in
volume) were transferred to a 96-well plate, and
absorbance was measured at 760 nm in a microplate
reader. Total phenolic acid content was expressed as
milligrams of gallic acid equivalents per 100 g of sample
on a dry weight basis (mg GAE/100 g DW).

1,1-diphenyl-2-picryl-hydrazil free radical-scavenging
activity

The free radical-scavenging activity of extracts was
measured by 1,1-diphenyl-2-picryl-hydrazil (DPPH)
using the method of Abeer ez al. [13]. E. lathyris L.
extracts were screened at 100 pg/ml, whereas the most
potent active extracts (gave more 90%) were assayed at
25-75 pg/ ml. In brief, 0.1-mmol/l solution of DPPH
in methanol was prepared. Then, 1 ml of this solution
was added to 3ml of extract solution at different

concentration (25-75pg/ml). The mixture was
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shaken vigorously and allowed to stand at room
temperature for 30 min. Then the absorbance was
measured at 517nm in Asys microplate reader.
Lower absorbance of the reaction mixture indicated
higher free radical-scavenging activity.

DPPH scavenging effect(%) = 100
—[((A0 — A1)/A0) x 100].

Where AO was the absorbance of the control reaction
and Al was the absorbance in the presence of the

sample [14].

Acute toxicity studies

Wistar rats weighing 200250 g were used. Acute oral
toxicity testing was performed according to OECD-
423 guidelines [15]. The animals were fasted
overnight, provided only water after which extracts
were administered to the animals orally at the dose
level of 5 mg/kg body weight by gastric intubation, and
the animals were observed for 24 h. If mortality was
observed in two or three animals, then the dose
administered was assigned as a toxic dose. If
mortality was observed in one animal, then the same
dose was repeated again to confirm the toxic dose. If
mortality was not observed, the procedure was repeated
tor further higher doses, such as 50, 300, and 2000 mg/
kg body weight. The animals were observed for any
symptoms behavioral
locomotion, and convulsions, and the mortality rates

toxic such as changes,

were recorded during 72h.

Animals

Male Wistar albino rats (100 : 120g) were selected
for this study. They were obtained from the Animal
House, National Research Centre, Egypt. All animals
were kept in a controlled environment of air and
temperature with access to water and diet.

Ethics

Anesthetic procedures and handling with animals were
complied with the ethical guidelines of Medical Ethical
Committee of the National Research Centre in Egypt
and performed to make sure that the animals did not
suffer at any stage of the experiment (approval no:

13115).

Doses and route of administration

Administration regimen of cholesterol was as follows:
cholesterol was orally administrated at a dose of 30 mg/
0.3 ml olive 0il/1kg animal five times a week for 12
consecutive weeks [2]. Low dose of both methanol and
petroleum ether extracts of E. lathyris was orally

administered at a dose of 29.16 mg/kg body weight
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five times a week for four consecutive weeks [16]. High
dose of both methanol and petroleum ether extracts of
E. lathyris was orally administrated at a dose of
291.6 mg/kg body weight five times a week for four

consecutive weeks [16].

Experimental groups

One hundred and ten male Wistar strain albino rats
were used in this study. Animals were divided into 11
groups (10 rats each). Group 1 served as normal healthy
control rats. Groups 2-5 were normal healthy rats orally
administrated with low methanol extract, high methanol
extract, low petroleum ether extract, and high petroleum
ether extract. Group 5 served as the high-fat-diet group.
Groups 6-11 were high-fat-diet rats administrated with
low methanol extract, high methanol extract, low
petroleum ether extract, high petroleum ether extract,
as well as orlistat as a reference drug.

Sample preparations

Serum sample were obtained as follows: blood was
collected from each animal by puncture in the
subtongual vein in a clean and dry test tube. It was
left for 10 min to clot and centrifuged at 3000 rpm at
4°C for serum separation. The separated serum was
stored at -80°C for further determinations of liver
function indices.

Liver tissues were homogenized in normal
physiological saline solution (0.9N NaCl) (1 : 9w/v).
The homogenate was centrifuged at 4°C for 5 min at
3000 rpm, and the supernatant was used for estimation
of liver function and marker enzymes and the
antioxidant parameters.

Biochemical determinations

Allanimal groups were subjected to determination of the
liver biomarker enzyme; liver function indices, such as
aspartate aminotransferase, alanine aminotransferase,
and alkaline phosphatase (AST, ALT, and ALP)
activities; nonenzymatic and enzymatic antioxidants;
glutathione-reduced (GSH); glutathione-S-transferase
(GST); catalase enzyme; and total antioxidant capacity
(TAC). Oxidative stress biomarkers, malondialdehyde
(MDA), and nitric oxide (NO) were also assessed.
Moreover, lipid profile picture (total lipid, triglyceride,
cholesterol, and HDL-C) was estimated.

Estimations of AST and ALT and ALP in serum were
carried out by the method of Reitman and Frankel [17]
and Belfield and Goldberg [18], respectively.

Estimations of hepatic total protein content, MAD,
NO, catalase enzyme, GSH concentration, TAC, and

GST were carried out by the method of Bradford [19],
Buege and Aust [20], Montgomery and Dymock [21],
Aebi [22], Moron ez al. [23], Koracevic and Koracevic
[24], and Habig ez al. [25], respectively.

Estimation of lipid profile parameters, such as total
lipid, triglyceride, cholesterol, and HDL-C in serum,
was carried out by the method of Zollner and Kirsch

[26], Fassati and Prencipe [27], Richmond [28], and
Burstein [29], respectively.

Histopathological analysis

Liver tissue slices were fixed in 10% formaldehyde
and embedded in paraffin wax blocks. Sections of
5pm thick were stained with hematoxylin and eosin
and then examined under light microscope for
determination of pathological changes [30].

Statistical analysis

All data were expressed as mean+SD of the 10 rats in
each group. Statistical analysis was carried out by one-
way analysis of variance, Co-stat Software Computer
Program (USA, newwork version 8). Significance
values between groups were set at P value less than
or equal to 0.05.

DPPH free radical-scavenging activity values are
expressed as mmol Trolox/100 g DW.

There was a positive correlation between the TPC and
the DPPH free radical-scavenging activity in different
parts of E. lathyris.

The study of Cai ez al. [31] reported that medicinal
herbs are declared as having stronger antioxidant
activity and contain significantly more phenolics
than common vegetables and fruits, which are
considered as good natural sources of dietary
antioxidants. The results of the present study
indicate that the extract of E. /Jathyris has significant
antioxidant activities, perhaps owing to its high
contents of phenolics and flavonoids. Many reports
have suggested that the antioxidant properties in
Euphorbiaceae members are mainly owing to the
presence of high contents of secondary metabolites,

such as different types of flavonoids [32,33].

DPPH free radical-scavenging activity was measured
using a modification method of Brand-Williams ez al.
[15]. In brief, 2ml of different concentrations of
sample extracts was allowed to react with 4-ml
DPPH solution for 30 min in the dark after mixing.
The absorbance at 517 nm was measured relative to the
reagent blank, which was also incubated under the



same conditions. The percentage inhibition was
calculated against a control and compared with a

Trolox standard curve (60-200 pg/ml). The DPPH

radical-scavenging rate (%) was calculated as follows.

Radical-scavenging (%)=(1-AxxAtA0)x100,
where Ax is the absorbance of test compounds, At is
the absorbance of test compounds with 4 ml anhydrous
ethanol as the blank reaction, and A0 is the absorbance
of ethanol solution (95%, v/v) as the blank reaction.
The absorbance at 517 nm was measured relative to a
blank reagent. The percentage
calculated against a control and compared with a
Trolox standard curve (60-200 pg/ml).

rate

inhibition was

Results and discussion

Determination of IC50 (ug/ml) values of Euphorbia
lathyris seed crude extract

The in witro cytotoxic screening of the methanol and
petroleum ether E. /lathyris extracts against HEPG2
cell line is reported in Table 2. From these results, we
indicated that the methanol extract and petroleum
ether have low to moderate activity with IC50 of
250 and 294.5 pg/ml, respectively.

Determination of total flavonoid, phenolic content, and
free radical-scavenging activity of Euphorbia lathyris L.
extracts

Total flavonoid

Flavonoids are considered as significant antioxidants in
the medicine herb E. lathyris [6]. It is found that the
TFC in seeds of E. lathyris methanol extract was higher
than TFC in petroleum ether extract. The range of
TFC is from 12.8 to 19.5mg RE/100g DW. It is
difficult to compare the current results with extracts of
other plants, owing to the fact that research on
flavonoids of E. /athyris different parts is still scarce.
However, the reported flavonoid contents of other
plants, like Chinese dwarf cherry seed (2.17mg RE/
g DW), Gordon Euryale seed (1.39 mg RE/g DW),
platycodon root (0.95mg RE/g DW), ginkgo seed
(0.62mg RE/g DW), or bitter apricot seed (0.90 mg

Table 2 IC50 (ng/ml) values of Euphorbia lathyris seed crude
extract

Crude extract IC50 (pg/ml) (48 h exposure)

250
294.5

Methanol extract
Petroleum ether

Table 3 Concentration of flavonoid in two extracts of
Euphorbia lathyris L.

Sample code Concentration
Methanol extract 19.5
Petroleum ether extract 12.8
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RE/g DW) [34], in comparison with the E. lathyris
TFC were higher. Flavonoids are known to have
antioxidant and anti-inflammatory effects; moreover,
they exhibit many other health benefits, so the high
flavonoid content is considered beneficial for health
[35,36]. E. lathyris is also a promising powerful source
of flavonoids. However, the identification of flavonoids
of E. lathyris stays under-investigated, and further
research is warranted (Table 3).

Phenolic content

The TPC of E. lathyris was 1.15g GAE/100g of dry
sample using aqueous methanol [12]. This method
extracted only the loosely attached or free and more
readily soluble phenolic substances in samples; however,
it could not be tightly joined to cell wall materials [37].
Furthermore, no further extraction or alkali hydrolysis
was performed. However, the value obtained in a study of
Adom and Liu [37] was considerably higher than those
reported in the current study, which may be influenced

by E. lathyris genotype.

In plants, phenolics provide a lot of health benefits,
especially in the vegetables or corn [16]. Compared
with the TPC in different parts of E. lathyris, TPC
was significantly higher in the testa than those in the
root, seed, and stem. The same results were gained in
many other economically important fruits, including
grape berry, apple, and olive, where their skins (or
peels) hold TPC content higher than other tissues
[38]. The TPC ranged from 290.46 to 117.44mg
GAE/100g DW among different parts of E. lathyris.
The present results were matched with the data reported
by Liu ez al. [34], who found that the total phenolic
ranged from 0.57 to 280.46 mg GAE/g. Moreover, Cai
et al. [31] found that phenolic compounds were the
prevailing antioxidant components in Chinese
medicinal herbs attributed to anticancer activity. In
the current study, the high TPC content obtained
from E. lathyris indicated its plentiful antioxidant
source with health benefits (T'ables 4 and 5).

Acute toxicity studies

Lethal dose of Euphorbia lathyris methanol extract

Acute toxicity study showing no toxicity, and only one
dead rat, as shown in Table 6.

Table 4 Phenolic acids content of Euphorbia lathyris (mg
gallic acid equivalent/100 g DW) seeds of Euphorbia lathyris L.
(methanol)

Free phenolics 150.04+10.45%

46.00+2.44°
196.50+5.54°

Bound phenolics
Total phenolics

Values with different letters in a columns are significantly different
(P<0.05, n=3).
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Table 5 Phenolic acid content of Euphorbia lathyris (mg galic
acid equivalent/100 g DW) seeds of Euphorbia lathyris L.
(petroleum ether)

Free phenolics 65.04+3.45%
Bound phenolics 13.00+1.10P
Total phenolics 44.22+2.32°

Values with different letters in a columns are significantly different
(P<0.05, n=3).

Table 6 Lethal dose of Euphorbia lathyris methanol extract

Dose Rat Dead rat Zz d Zxd
(mg/kg b.wt.) number number

100 6 0 0 100 0
250 6 0 0 150 0
500 6 0 0 250 0
1000 6 0 0 500 0
2000 6 0 0 1000 0
3000 6 1 0.5 1000 500

Z is the mean of dead animals in two successive groups. dis the
constant factor between two successive groups.
LD50=Dm-X(Zxd)/n LD50 of Euphorbia lathyris methanol
extract=2916.7 mg/kg. 1/10 LD50=291.6 mg/kg.

Effect of methanol and petroleum ether extracts of
Euphorbia lathyris on liver marker enzymes in serum
of high-fat-diet rats

Table 7 indicates an insignificant difference in ALT,
AST, and ALP enzyme activities in normal rats treated
with methanol and petroleum ether extracts of
E. lathyris compared with normal untreated one.
However, high-fat-diet rats showed significant
(P<0.05) increase in liver enzyme activities [ALT
(95.25%), AST (108.75%), and ALP (227.87%)] as
compared with normal control rats. On the contrary,
high-fat-diet rats treated with low and high dose of
methanol and petroleum ether extracts as well as oristat
as reference drug declared significant increase in ALT,
AST, and ALP enzyme activities compared with
normal healthy rats (Table 1). With respect to the
percentages of improvement, ALT enzyme activity
recorded improvement percentage of 76%, in high
dose of methanol extract administered to high-fat-diet
rats, followed by reference drug (orlistat) (73.50%), and
then high-dose petroleum extract (72.50%). However,
low methanol dose extract recorded the lowest
amelioration percentage (32%). Moreover, AST
enzyme activity showed the highest improvement
percentage (95.26%) in high petroleum ether dose
administered to high-fat-diet rats and the lowest
improvement percentage (52.11%) in low methanol
extract-supplemented rats. Moreover, ALP enzyme
activity showed the highest improvement percentage
(65.67%) in orlistat reference drug administered to
high-fat-diet rats and the lowest improvement
percentage (31.31%) in low methanol extract.

Data represent mean+SD of 10 rats in every group.
Data are expressed as U/ml. Statistical analysis is
carried out using SPSS computer program (New
York, USA, version 8) coupled with Co-Stat
computer program, where unshared letters between
groups are the significance value at P value less than
or equal to 0.5.

An important source to identify new active
pharmaceutical compounds is medicinal plants [17].
E. lathyris (caper spurge), a common biennial garden
plant, is spread in southern England; however, it can
exist throughout North America, Europe, and
Australia [39]. Because of its high contents of
hydrocarbons and fatty acids, it is used as a source
of bio-fuel and biomass [40]. For treatment of
hydropsy, coprostasis, ascites, amenorrhea, snakebite,
and scabies, its seeds are prescribed in traditional
Chinese medicine [41]. Moreover, it has
toxicological effects of croton oil like E. lathyris.
Prior biological studies have showed the antitumor
effects of E. lathyris for curing esophagus cancer,
leukocythemia, and skin cancer [42]. In the past
decades, the phytochemical ingredients of the seed,
aerial parts, and root of E. lathyris have attracted
great attention, especially for the applications of
human health. The presence of different metabolites
have been shown in E. lathyris, such as diterpene,
aesculetin, euphorbetin, kaempferol-3-glucuronide,
daphnetin-sitosterol, vitexicarpin, daucosterol,
artemetin, p-hydroxybenzoic acid, flavones, and

flavonol glucosides [12,16,43,44].

Effect of methanol and petroleum ether extracts of
Euphorbia lathyris on catalase, glutathione,
glutathione-S-transferase, and total antioxidant
capacity activities in the tissue of high-fat-diet rats

Table 8 clearly indicates insignificant difference
in catalase, GST, and TAC activities, whereas
significant decrease in GSH activity in normal rats
treated with methanol and petroleum ether extracts
of E. lathyris, compared with normal untreated ones.
However, high-fat-diet rats
(P<0.05) decrease in catalase (15.79%), GSH
(181.93%), GST (85.78%), and TAC (0.91%)
compared with normal control rats. Considering the
percentages of improvement, GSH and GST enzyme
activities recorded the highest improvement percentage
of 31.95 and 44.93% in high-dose methanol extract
administered to high-fat diet rats. Low methanol dose
extract recorded the lowest amelioration percentage
(16.17%) in GSH, whereas the low-dose petroleum
ether extract showed the lowest improvement

percentage (16.91%) in GST. High petroleum ether

showed significant



383

Euphorbia lathyris modulated hyperlipidemia Younis et al.

‘Aoedeod juepixonue [ej0}

‘OV 1L ‘wnajoliad ‘1ad ‘[oueyiow ‘Yo ‘eselsjsuell-g-auoiyiein|b ‘1 So ‘euoiyieln|b ‘HSO 'G'0 01 [enba 1o uey) Ss8| anjeA 4 e anjea aoueolubis ay) ale sdnolb usemiaq siens| paseysun aleym ‘weiboid
J9Indwod 181S-00 yum pajdnod (g uoisian) welboid 1aindwod SS4S Buisn 1no pauted si sishjeue |eonsielS “Aloeded Juepixoiue [ejo} Joj pue awAzus asejeled 4o} anssi 6iun ‘eselajsuell-S-auoiyiein|b
pue auolyyeln|b soy uiejoid Bw/Brl se passaidxs ase ereq "dnoib Aions ul syel QL Jo SFSueaw Se pajuasaidal aie ejeq Juswanroidwl Jo % ‘,% ‘Siel [01ju0d [ewlou yum pasedwod se abueyd <% ‘%

9l'Le €6°2€ 9€°'¢6 82'€C 9¢'0¢ 2%
29°ee ¥8'¢e S6°0% 0S°2€ 2s oy 8/°09 P9 LE PARAS S0'6 €01 e
po 80°0FHG'L 0qB0°0F6L"L p90°0FLE"L pB60°0FSG | pl’0¥8EL 5L'0F16°0 qe60°0%50°2 qel 1'0FF0'2 oLTOFLLE 26207802 9V 0¥2€2 (enssn 6/n) OvL
09'¢cy L6y 1691 €671 JA AN 2%
Wk SELLE ] AVA €1'6 6€°9¢ 90'vS VAR 4 14"l lc9 0€L %
2[8'8F2E'GIL  ,¥6'8F06'G9L  LEEPVFSELLL 5G9 0LFL9°691 p79°9F8L°8L L oC0LF8L'G8  qolTBFLEBLL qub ' 6FCLLLL  o5qe80PFEL'GLL 0S8 PFEL'ELL  o06°'GF2L'98L  (uejoud Buw/br) 18O
c6'Le cL'ie 8¢c'8l S6°LE pANC]S 2%
9.°v¢ 95°5¢e 0€'8¢ €Lve LS°0Y 89°9S 9€9 b2 692 L1'8 e%
SV CIFBE6'GLE  ,8L'6FC9CIE 29 9LFLEI'6SC  Ll0VIFBO9LE p9G'9IFEB6YC  olGGIFEG IBL  GLL9FICEBE  ¢L9°9F9C°06€ a80°EIF179°28E q80°CIFG9'G8E  LEELIFG66LY (ureoud Bw/br) HSD
86°Lc SY'Ly ¥9'¢e cece 88'9¢ 2%
S0'8¢€ 1581 8€'ey 0L€e 1'6€ 2099 Le- 9€" - L2} €L'L %
€9 V+6.'8¢2 VS eFr8’LE 260'CF1LE92 299°€F18°0€ oV 1'¢¥82'8¢ p€0'CF6L G 209°CF6S LY eV FSFOL LY ebC'€F88GY eV 1'GF88Ch eLE'GFLYOy  (enssn B/n) eselered
Bnip "Jjoy asop 19d YBIH asop '1od Mo  8sop "Yie\ UBIH 8sop Yo moT asop ‘19d UBIH 9sop '1od MO 8sop "YU\ UBIH 8Sop "Yio|\ MO
pajeal; jey-ybiH 181p 1e)-ybiH pajeal} s|0u0D) 10JJU0D slajpweled sdnoin

dnoub onnadeayy Juaiayip jo

anssi} ay} ul Ayoeded juepixoljue |ejo} pue ‘[9Aa| auolyieln|b ‘saijiAjor aselsjsuell-S-auolyleln|b ‘asejejes uo sufylel eiqioydng o sjoelixe J8yl@ wnajodlad pue joueylaw Jo 10843 8 d|qel

‘19d ‘loueyiaw ‘Yis|\ ‘eselajsuriouiwe

ajepedse ‘| QY ‘eselsjsueljoulwe sujuele ‘| Ty ‘esejeydsoyd auljeyfe ‘dy Juswenoidwl o % ‘ %

‘wnajoJlad

‘Syed |0Jju0d [ewiou yum paledwod se abueyo % ‘%

cv'89 9¢'G6 78°99 v.'v8 Lb'es 2%
€9°0L- 89'€E— 29— LS vy— 89— G6'8¢t— 89'c— €e’ - 6L'G— 18°€— e%
29V EFS I8 ql671FGE9 V9 CFLL VL €FG'89 qlL'EFGC V8 eV€°9¥G2°'801 ,bc’cFac ey ,becFelL 8y ,6C°1F592°09 SC L FLeY 8ECFG LY (lw/n) 1SV
0g'eL 0S'cL 05'6¢€ 0092 00'ce 2%
00°Z1L- 00°81— 00°+S— 0Svi— 0985~ 0506~ 09°'6— ev'e— 002- 09y~ %
poCV V¥G'89 262 GF69 q9C'GFG'GL po9¢'GFGC LS Ll €FGC6L eb ' ¥FS2°G6 sphC'CFalCS sptCCFIC IS apoBC 1 F0S'ES opo0€ 1 F0ECS oV2’€F00°09 (lw/n) L1V
19'59 7179 Leey 7€'€9 Le'le %
cc'ce~ GL'ee— 8G°GG— SSveE- 8G'99— 68,6~ 89'8— €6'L— (014(0) S €9°6— %
p8LVFGC ¢St p9C VFLO VS 299°¢FG1'6L) p9C VFE6 VS ql9'6FC8’ L6} e€L'VF/8'LcC  ocL'€FSL'GCl oCL'EF8CVCI ok V¥V LCL <L VFCL'9ch JYEGFSLGLHE (lw/n) d1v
Bnip “joy 2sop '18d YBIH  ©sop ‘1od MO  8sop ‘YIBN YBIH  8sop Ui\ Mo 2sop '18d YBIH  8sop '1od MO  8sop ‘YIBN YBIH  8Sop Ui\ Mo

pajeau) ye-ybiH 191p 1e)-ybiH pajeal} s|04u0) |0u0D sioleweled sdnoig

JO wnJas ay} ul saiiAioe asejeydsoyd auijeyje pue ‘eselajsueijouiwe ajeledse ‘aselajsueljoujwe aujuee

sdnoJib o1nadeiayl pajedixolul JUaIdIP
uo siAyje| eigioydng jo sjoeIIXd Jay)d wnajoJiad pue joueyaw Jo 10913 /L d|qel



384 Egyptian Pharmaceutical Journal, Vol. 18 No. 4, October-December 2019

extract showed the highest improvement percentage in
catalase enzyme activity (47.45%), whereas low
petroleum ether extract recorded the lowest by
22.64%. In addition, low petroleum ether extract
showed the highest improvement percentage in TAC
(93.36%); in contrast, low methanol extract recorded the
lowest amelioration percentage (20.26%) (Table 8).

One of the biological interest of E. Jathyris is the variety
of chemical compounds in this herb. The results of the
current study reveal significant antioxidant activities of
E. lathyris extract, which may be owing to high
contents of phenolics and flavonoids. Certainly, due
to the existence of major contents of secondary
metabolites, including various flavonoid types,
Euphorbiaceae members have been suggested to have
antioxidant properties [32]. From the botanical
secondary metabolites, hydrophilic antioxidants such
as phenolics and flavonoids are the most abundant in
plant [45]. Many research studies demonstrated that
disturbances of hyperlipidemia, obesity, and lipid
metabolism are attributed to increased production of
oxygen free radicals [46]. Oxidative stress is formed as a
result of the exhibited dysfunction of antioxidant defense
system and accumulation of these radicals [47]. These
radicals covalently bind to macromolecules and enhance
the peroxidation of membrane lipids with great level of
polyunsaturated fatty acids, consequently leading to the
formation of lipid peroxides and multiple pathological
changes [48]. Several antioxidant defense mechanisms
are possessed by oxygen-dependent organisms against
oxidative damage by prooxidants, which turn active
oxygen molecules into nontoxic compounds. These
defense systems include the antioxidant enzymes such
as catalase, superoxide dismutase, GST, and glutathione
peroxidase, as well as nonenzymatic compounds such as
vitamins and GSH. The first line of defenses against free
radicals is superoxide dismutase, which catalyzes the
dismutation of superoxide anions into hydrogen
peroxide (H,O,). CAT is a hemeprotein that
catalyzes H,O, to oxygen and water.

Effect of methanol and petroleum ether extracts of
Euphorbia lathyris on lipid peroxidation and nitric
oxide level in tissue of high-fat diet rats

Table 9 clearly indicates insignificant difference in
NO activity in normal rats treated with methanol
and petroleum ether extracts of E. /athyris compared
with normal untreated one. On the contrary, lipid
peroxidation normal rats treated with high methanol
extract showed significant increase in lipid peroxidation
activity (886.34%) compared with normal untreated
one. However, high-fat-diet rats showed significant

(P<0.05) increase in lipid peroxidation and NO

activities (2322.16 and 314.62%, respectively), as
compared with normal control rats. High-fat-diet rats
treated with low and high dose of both methanol and
petroleum ether extracts showed significant decrease in
lipid peroxidation and NO activities, as compared with
control rats. In addition, low dose of petroleum ether
extract showed the highest improvement percentage in
both NO and lipid peroxidation (116.08 and 176%,
respectively). However, the reference drug recorded
the lowest amelioration percentage (81.56%) in NO
activity, and low-dose methanol extract showed the
lowest improvement percentage (145.62%) in lipid
peroxidation activity (Table 9).

GSH caused detoxification of toxic compounds such as
H,0, and lipid peroxides directly or in glutathione
peroxidase and GST [49,50]. However, the innate
antioxidant defense systems are often scantly to
resist the oxidative stress, which may play an
important mediator for progressive damage to cell
structures.

Consequently, method of inhibiting or curing
atherosclerosis and decreasing the incidence of
cardiovascular ~disease is by targeting of the
hyperlipidemia by diet and/or lipid-lowering drugs.

Much attention is given to the free radical-scavenging
natural antioxidants to be served as potential, nontoxic
agents. Many epidemiological studies detected that an
increased intake of food wealthy in natural antioxidants
increases the antioxidant activity of the body and
diminishes the risk of different diseases. Herbal
remedies or food supplements, especially for those
with cholesterol at the border levels, are attractive
alternatives to cure or inhibit hypercholesterolemia
[51]. Consistent with the present results, Esin e# al.
[52] reported that the development of a progressive
thickening of the artery wall arises from the
accumulation of cholesterol oxidation products in
the particles of LDL after they are oxidized is
resulted by cholesterol oxidation. Vijayabaskar ez al.
[53] mentioned that the etiology of atherosclerosis is
the significantly increased levels of plasma cholesterol
in rats fed with CCT diet, which might damage the
endothelial cell membrane lining the large arteries such
as aorta. Moreover, Prado ez al. [54] gave evidence that
hypercholesterolemia has been extensively connected
to endothelial cell dysfunction, as an early step in the
atherosclerosis, and thus, increased release of NO,
vascular production, and superoxide anions, which
interact to produce peroxynitrite, a potent oxidant
causing damage of multiple cell constituents. The
results of both previous studies and the current
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results of our study proposed the powerful beneficial
health capabilities of E. Jathyris in the animal model of
hyperlipidemia, which could be linked to the
antioxidant effects of its active substances such as
antioxidants, vitamins, and phenolic compounds
(ascorbic acid, tocotrienols, and tocopherols) along
with the promoting of the total antioxidant defense
system in the body. E. lathyris can direct challenge
free radical before any significant oxidation can occur
that prohibits antioxidants. E. /athyris retard or slow
the oxidative processes resulting in MDA decrease
(the lipid peroxidation nearby normal level and so
inhibit the oxidative stress, as a chain-breaking
antioxidant.

Effect of methanol and petroleum ether extracts of
Euphorbia lathyris on lipid profile activity in serum of
high-fat-diet rats

There was insignificant difference in cholesterol activity
in normal rats treated with low and high dose of

Figure 2

methanol extract of E. lathyris, as well as insignificant
change was recorded in both triglyceride and HDL-C
activities in normal rats treated with methanol and
petroleum ether extracts of E. Jathyris compared with
normal untreated one. However, significant decrease
was recorded in normal rats treated with low and high
dose of methanol and petroleum ether extracts of E.
lathyris in total lipid activity (73.11, 72.50, 70.22, and
71.47%, respectively), as compared with normal
untreated one. Moreover, significant decrease was
showed in normal rats treated with low and high dose
of methanol extract (58.10 and 59.92%, respectively) in
cholesterol activity as compared with normal untreated
one. High-fat-diet-treated rats showed significant
increase in total lipid, cholesterol, and triglyceride
activities (204.85, 186.38, and 147.90%, respectively)
as compared with normal rats, whereas demonstrated
significant decrease in HDL-C by 19.92% compared
with control rats. High-fat-diet-administrated rats with
both low and high dose of methanoland petroleum ether

Liver sections of control rats (G1), control rats treated with low dose of methanol extract (G2), control rats treated with high dose of methanol
extract (G3), control rats treated with low dose of petroleum ether extract (G4), control rats treated with high dose of petroleum ether extract (G5),
high-fat-diet rats (G6), high-fat-diet rats treated with low dose of methanol extract (G7), high-fat-diet t rats treated with high dose of methanol
extract (G8), high-fat-diet rats treated with low dose of petroleum ether extract (G9), high-fat-diet rats treated with high dose of petroleum ether

extract (G10), and high-fat-diet rats treated with reference drug (G11).




extracts recorded significant decrease in total lipid,
cholesterol, and triglyceride levels, whereas significant
increase in HDL-C was recorded compared with
normal control rats. Considering the improvement
percentage, reference drug recorded the highest
improvement percentage in both total lipid and
HDL-C (94.08 and 56.62%, respectively). However,
low dose of methanol extract showed the lowest
amelioration percentage in both total lipid and HDL-
C (28.24 and 25.89%, respectively). High dose of
petroleum extract recorded the highest amelioration
percentage in cholesterol level (66.58%), whereas low
dose of petroleum extract recorded the lowest
improvement  percentage in  cholesterol level
(36.13%). In addition, high dose of methanol extract
showed the highestamelioration percentage (79.53%) in
triglyceride activity, whereas low dose of petroleum
extract recorded the lowest improvement by 3.02% in
triglyceride level (Table 10).

Figure 3
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Histopathological analysis

Effect of methanol and petroleum ether extracts of
Euphorbia lathyris on hepatic architecture

Liver section of control rats, control rats treated with
low methanol and petroleum ether dose, control rats
treated with high methanol and petroleum ether extract
showed liver with normal histological structure of
hepatic lobule (hematoxylin and eosin, x400) (Fig. 2,
G1, 2, 3, 4, 5).

Liver section of high-fat diet rats showing cytoplasmic
vacuolization of hepatocytes, congestion of central
vein, Kupffer cells activation and hepatic sinusoids,
necrosis of sporadic hepatocytes and hydropic
degeneration of hepatocytes (hematoxylin and eosin,
x400) (Fig. 2, G6).

Liver section of high-fat diet rats treated with
low methanol ether extract showing hydropic

Heart sections of control rats (G1), control rats treated with low dose of methanol extract (G2), control rats treated with high dose of methanol
extract (G3), control rats treated with low dose of petroleum ether extract (G4), control rats treated with high dose of petroleum ether extract (G5),
high-fat-diet rats (G6), high-fat-diet rats treated with low dose of methanol extract (G7), high-fat-diet rats treated with high dose of methanol
extract (G8), high-fat-diet rats treated with low dose of petroleum ether extract (G9), high-fat-diet rats treated with high dose of petroleum ether

extract (G10), and high-fat-diet rats treated with reference drug (G11).
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Figure 4

Kidney sections of control rats (G1), control rats treated with low dose of methanol extract (G2), control rats treated with high dose of methanol
extract (G3), control rats treated with low dose of petroleum ether extract (G4), control rats treated with high dose of petroleum ether extract (G5),
high-fat-diet rats (G6), high-fat-diet rats treated with low dose of methanol extract (G7), high-fat-diet rats treated with high dose of methanol
extract (G8), high-fat-diet rats treated with low dose of petroleum ether extract (G9), high-fat-diet rats treated with high dose of petroleum ether

extract (G10), and high-fat-diet rats treated with reference drug (G11).

degeneration of hepatocytes (hematoxylin and eosin,
x400) (Fig. 2, G7).

Liver section of high-fat diet rats treated with high
methanol ether extract showing slight congestion of
central vein and hepatic sinusoids (Fig. 2, G8).

Liver section of high-fat diet rats treated with low
petroleum ether extract showing no histopathological
changes (hematoxylin and eosin, x400) (Fig. 2, G9).

Liver section of high-fat diet rats treated with high
petroleum ether extract showing slight congestion of

hepatic sinusoids (hematoxylin and eosin, x400) (Fig. 2,
G10).

Liver section of high-fat diet rats treated with orlistat
as reference drug showing slight hydropic
degeneration of hepatocytes and slight congestion

of central vein (hematoxylin and eosin, x400)
(Fig. 2, G11).

Effect of methanol and petroleum ether extracts of
Euphorbia lathyris on heart architecture

Heart section of control rats, control rats treated with
low methanol and petroleum ether dose, control rats
treated with high methanol, and petroleum ether
extract showed normal histological structure of
cardiac myocytes (hematoxylin and eosin, x400)
(Fig. 3, G1, 2, 3, 4, 5).

Heart section of high-fat-diet rats showed vacuolation
of the sarcoplasm of cardiac myocytes, intermyocardial
edema, and intermyocardial hemorrhage (hematoxylin

and eosin, x400) (Fig. 3, G6).

Heart section of high-fat-diet rats treated with low
methanol extract showed slight intermyocardial edema



and vacuolation of the sarcoplasm of cardiac myocytes

(hematoxylin and eosin, x400) (Fig. 3, G7).

Heart section of high-fat-diet rats treated with high
methanol extract showed focal necrosis of cardiac

myocytes (hematoxylin and eosin, x400) (Fig. 3, G8).

Heart section of high-fat-diet rats treated with low
petroleum ether extract showed congestion of
myocardial blood vessels (hematoxylin and eosin,

x400) (Fig. 3, G9).

Heart section of high-fat-diet rats treated with high
petroleum ether extract showed slight congestion of

myocardial blood vessels (hematoxylin and eosin, x400)
(Fig. 3, G10).

Heart section of high-fat-diet rats treated with orlistat as
areference drug showed congestion of myocardial blood

vessels (hematoxylin and eosin, x400) (Fig. 3, G11).

Effect of methanol and petroleum ether extracts of
Euphorbia lathyris on kidney architecture

Kidney section of control rats, control rats treated with
low methanol and petroleum ether dose, control rats
treated with high methanol and petroleum ether extract
structure of
parenchyma (hematoxylin and eosin, x400) (Fig. 4,
G1, 2, 3,4,5).

showed normal histological renal

Kidney section of high-fat-diet rats showed endothelial
lining glomerular and vacuolation of epithelial lining
renal tubules focal inflammatory cell infiltration

(hematoxylin and eosin, x400) (Fig. 4, G6).

Kidney section of high-fat-diet rats treated with low
methanol extract showed no histopathological changes

(hematoxylin and eosin, x400) (Fig. 4, G7).

Kidney section of high-fat-diet rats treated with high
methanol extract showed slight congestion of glomerular

tuft (hematoxylin and eosin, x400) (Fig. 4, G8).

Kidney section of high-fat-diet rats treated with low
petroleum ether extract showed vacuolation of
epithelial lining renal tubules (hematoxylin and
eosin, x400) (Fig. 4, G9).

Kidney section of high-fat-diet rats treated with high
petroleum ether extract showed no histopathological
changes (hematoxylin and eosin, x400) (Fig. 4, G10).
section rats

Kidney of high-fat-diet treated

with orlistat as a reference drug showed no

Euphorbia lathyris modulated hyperlipidemia Younis et al. 389

histopathological changes (hematoxylin and eosin,
x400) (Fig. 4, G11).

Based on the results of both biochemical and
histological, it can be suggested that the therapeutic
effects of E. lathyris like several medicinal plants are
usually related to its antioxidant compounds.

Conclusion

It could be concluded that the two extracts of E. /athyris
declared improvement of liver function enzyme
activities, oxidant—antioxidant biomarkers, and lipid
profile levels in high-fat-diet-supplemented rats.
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