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Abstract
Background and Objective: Hyperlipidemia (HLP) is a leading cause for cardiovascular disease and atherosclerosis. Insufficient physical
activity and unhealthy diet plays an important role in the progression of HLP. The present study was conducted to investigate the
protective effect of 2 unconventional edible oils (purslane and garden cress) on hyperlipidemia. Materials and Methods: Diet high in fat
and cholesterol was used as inducer of hyperlipidemia in rats for 5 weeks. Plasma and hepatic lipid profile were assessed. Plasma levels
of malondialdehyde (MDA) as lipid peroxidation indicator was determined. Liver transaminases (AST and ALT) as liver function indicator
and kidney function (creatinine and urea) were evaluated. Results: Results clarified significant elevation in plasma and liver lipid profiles,
MDA, liver enzymes (AST and ALT) and kidney function (creatinine and urea) in hyperlipidemic control compared to normal control.
Supplementation with purslane and garden cress seeds oils either in diet or oral showed significant improvement in all the studied
parameters. Conclusion: Purslane and garden cress oils investigated in the current study produced significant reduction and elevation
in bad and good cholesterol, respectively in plasma. Also both oils reduced hepatic lipid accumulation effectively in hyperlipidemia model
in rats. Oils administration reduced plasma malondialdehyde and improves liver and kidney functions.
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INTRODUCTION

Hyperlipidemia (HLP) or dyslipidemia is a disorder in lipid
metabolism caused by various changes in lipid profile i.e.
elevation in plasma levels of total cholesterol, triglycerides,
very low-density lipoprotein cholesterol, low-density
lipoprotein cholesterol, with a reduction in high-density
lipoprotein cholesterol levels1. It is well known that nutrition
represents one of the most important risk factors in the
etiology and development of many diseases such as
hyperlipidemia2. The HLP is a leading cause for cardiovascular
disease and atherosclerosis and becoming a high risk factor for
threatens human health3. High-fat diet consumption is a
leading cause of hypercholesterolemia and cardiovascular
disease4. Globally, 2.6 million deaths each year attributed to
hyperlipidemia. According to a study in the years 2011-2012
conducted by the Ministry of Health and Population with the
WHO office in Egypt, people 15-65 years old, showed a high
fasting level of cholesterol (36.7%) and triglycerides (10.2%)5.
National Cholesterol Education Program (NCEP) (adult
treatment panel III) reported that an elevation in the level of
cholesterol (non-HDL-C and LDL-C) is the main underling
cause of atherosclerosis, the key underlying process
contributing to most of clinical cardiovascular diseases6.
Cardiovascular diseases are the leading cause of global
mortality, accounting for 32% of the 56 million deaths7 in
2015. Omega-3 polyunsaturated fatty acids and polyphenol
play critical role in reduction of hyperlipidemia and
cardiovascular disease risk8,9. 

In Egypt there is a large gap between the production of
oils and the actual consumption. It is important to search for
unconventional sources of vegetable oils, especially rich in
omega-3 fatty acids, which possess health benefits. So in this
research  we  studied  two  types  of  vegetable  seeds  rich  in
their content of oils. Dietary intervention by using edible
plants oil rich in omega-3 fatty acids is a good strategy for
management/or prevention of cardiovascular diseases. So in
the present research two plant seeds rich in omega-3 fatty
acids were  evaluated  in  animal  model  of hyperlipidemia.
The studied seeds are purslane and garden cress. Purslane
(Portulaca oleracea L.) is one of the medicinal plants mostly
used, throughout temperate and tropical areas of the world10.
Purslane is one of the richest plant sources in omega-3 fatty
acids11,12, as well as purslane contain high levels of  $-carotene,
"-tocopherols and phenolic compounds which make it a
health food for patients with cardiovascular diseases and may
reduce oxidative stress and inflammation13. Lepidium sativum,
famous as garden cress possesses hypolipemic, antioxidant
and anti-inflammatory effect14,15. Garden cress seeds are
containing 18-24% fat16 of which ~34% of total fatty  acids  are

linolenic acid15. Garden cress oil is also showed an ideal ratio
of omega-3 fatty acids and omega-6 fatty acids, which
possesses a cardio-protective effect17,18. The objective of the
present study was evaluation of the protective effect of
purslane and garden cress seeds oils as an unconventional
edible oils on hyperlipidemia in rats.

MATERIALS AND METHODS

Materials: All the study was done in Department of Nutrition
and Food Sciences, National Research Centre, Cairo, Egypt. The
study was done during October, 2018-April, 2019.

Plant materials: Garden cress seeds, purslane seeds were
purchased from local markets, Cairo, Egypt.

Animals: Male Sprague Dawley rats weighing 100-128 g
(113.8±8.381 as Mean±SD) were used in the present study.
Animals were obtained from Animal house of National
Research Centre, Cairo, Egypt. Animals were kept individually
in stainless steel metabolic cages; water and food were given
ad-libtium.

Diets: Experimental diets were prepared as in Table 1. High fat
and high cholesterol diet were used for induction of
hyperlipidemia in rats according to the method of Gao et al.1

with modification by using coconut oil as source of fat instead
of lard. Salt mixture and vitamin mixtures were prepared
according to Briggs and Williams19 and Morcos20, respectively.
Oil soluble vitamins were given orally in a dose of 0.1 mL/rat
per week.

Methods
Preparation of purslane and garden cress oils: Purslane
seeds and garden cress seeds were crushed and pressed with
laboratory type of (screw press machine with speed 15 rpm
and 35EC) Carver hydraulic press under 10.000 Ib/in (pic)
pressure for 1 h at room temperature according to the method
of Ustun et al.21. The produced meal was kept in deep-freeze
until used.

Assessment  of  fatty  acids  of  purslane  and  garden  cress
oils: Fatty acid methyl esters of the studied oils were prepared
according to AOAC22 to be subjected to GLC analysis of fatty
acids. Assessment of the methyl ester was carried out by
injecting 2 µL into a Hewlett Packard HP-system 6890 gas
chromatograph equipped with FID. The HP-5 capillary  column
(30 m×0.32 mm i.d.; 0.25 µm film thickness) was used to
separate  the  different  methyl  esters.   The   chromatographic
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analysis  conditions  were:  Initial  temperature  70EC  with  a
hold for 1 min, then rose to 120EC at a rate of 40EC minG1 with
2 min hold then the temperature was finally raised to 220EC at
a rate of 4EC minG1 with another 20 min hold. The injector and
detector temperatures were 250 and 280EC, respectively.
Identification of the fatty acid methyl esters were carried out
by direct comparison of retention times of each of the
separated compounds with standards of the fatty acid methyl
esters analyzed under the same conditions. Quantization was
based on peak area integration.

Preparation  of  oil  emulsion  for  rat  oral  dose:  Purslane
seeds oil and garden cress seeds oil were prepared in form of
oil-in-water emulsions using Tween 80 as surfactant. All oil
emulsions were stored for only a week during the feeding
experiment.

Postprandial triglyceride in rats: About 24 rats were divided
into 4 groups, 6 rats in each group. Rats were fasting overnight
(12 h). Blood samples were collected from fasting rats and
then rats in each group were given 1 oral dose of corn oil,
coconut  oil,  garden  cress   oil   or   purslane   oil,   respectively
(2 g kgG1 rat b.wt.). Serial blood samples were collected at 2, 4
and 6 h after oil ingestion in rats.

Design  of  the  animal  experiment:  About  36  rats  were
divided into 6 groups each comprised 6 rats. The 1st was
normal group where rats were received a balanced diet all
over the study period for 5 weeks, while group 2 was the
hyperlipidemia group, where rats were fed on high fat high
cholesterol diet all over the study period, this group served as
hyperlipidemia control. Rats in group 3 and 4 were fed on high
fat high cholesterol diet containing 10% purslane bread or
garden cress oil all over the study period, while rats of group
5 and 6 were fed on high fat high cholesterol diet and given
oral dose of purslane or garden cress oil (300 mg kgG1 rat b.wt.)
all over the study period. During the experiment, body weight
and food intake were recorded once weekly. At the end of the
study total food intake, body weight gain and feed efficiency
ratio (Body weight gain/total food intake) were calculated.
This study has been carried out according to the Medical
Research Ethics Committee, National Research Centre, Cairo,
Egypt and followed the recommendations of the National
Institutes of Health Guide for Care and Use of Laboratory
Animals (Publication No. 85-23, revised 1985).

Blood and tissue sampling: Blood samples were collected
from  all  rats  after  an  overnight  fasting  at   the   end   of   the

experiment (5 weeks) for the determination of total
cholesterol23 (T-Ch), high density lipoprotein-cholesterol24

(HDL-Ch), low-density lipoprotein-cholesterol25 (LDL-Ch) and
triglycerides26 (TG). T-Ch/HDL-Ch ratio was calculated. Very low
density lipoprotein-cholesterol (VLDL) was calculated by
subtracting triglycerides on 5, while non-HDL-Ch was
calculated by subtracting from total cholesterol. Plasma
malondialdehyde27 (MDA) was determined as indicator of lipid
peroxidation. The activities of aspartate transaminase28 (AST),
alanine transaminase28 (ALT) were determined as indicator of
liver function. Plasma level of creatinine29 and urea30 were
determined as indicator of kidney function. Liver was
immediately removed, weighed and stored at -20EC till
analyzed. Relative weight of liver of each animal was
calculated as follows:

Absolute liver weight (g) 100Relative liver weight = 
Final body weight (g)



Extraction and determination of hepatic lipids: Total hepatic
lipids were extracted and weighed according to the procedure
of Folch et al.31. In brief, liver tissues were homogenized with
chloroform:methanol (2:1) for lipids extraction. After the
extraction and evaporation, tissue lipids were re-dissolved in
isopropanol and liver cholesterol23 and triglyceride26 levels
were estimated enzymatically.

Statistical analysis: The results of animal experiments were
expressed as the Mean±SE and they were analyzed
statistically using the one-way analysis of variance ANOVA
followed by Duncan’s test. In all cases p<0.05 was used as the
criterion of statistical significance.

RESULTS

Fatty acids methyl esters: Table 2 represents fatty acid profile
of purslane and garden cress seeds oil. Fatty acids methyl
esters of purslane and garden cress seeds oil revealed the
presence of high percent of unsaturated fatty acids 65.7 and
63%, respectively. Saturated fatty acids were present in both
oils by similar percent 25%. Palmitic acid (19.6%) was the
major saturated fatty acid present in purslane oil, while
arachidic acid (12.4%) was the higher saturated fatty acid
present in garden cress oil. Oleic acid was present in purslane
and garden cress seeds oil by 22.6 and 22.2%, respectively.
Purslane  and  garden  cress  seeds  oil  oils  contain  linoleic
acid as  omega-6  fatty  acid  by  26.9  and  10.7%,  respectively.
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Table 1: Composition of different diets (g/100 g)
Ingredients Balanced diet NAFLD diet Purslane oil diet Garden cress oil diet
*Casein 12.0 12.0 12.0 12.0
Corn oil 10.0 - - -
Coconut oil - 20.0 10.0 10.0
Purslane oil - - 10.0 -
Garden cress oil - - - 10.00
Sucrose 23.5 23.50 23.50 23.50
Starch 47.0 38.75 38.75 38.75
Cholesterol - 1.00 1.00 1.00
Bile salt - 0.25 0.25 0.25
Salt mixture 3.5 3.50 3.50 3.50
Vitamin mixture 1.0 1.0 1.00 1.00
Cellulose 3.0 - - -
*12 g casein has been estimated to contain 10 g protein using AOAC22

Table 2: Fatty acids contents of purslane and garden cress seeds oil (as
percentage of total fatty acids)

Fatty acids (%) Purslane oil Garden cress oil
Palmitic acid (C16:0) 19.6 9.5
Stearic acid (C18:0) 5.4 3.4
Oleic acid (C18:1) ω-9 22.6 22.2
Linoleic acid (C18:2) ω-6 26.9 10.7
"-Linolenic acid (C18:3) ω-3 16.2 30.1
Arachidic acid (C20:0) - 12.4
Total saturated fatty acids 25 .0 25.3
Total unsaturated fatty acids 65.7 63.0
Ratio of omega-6 to omega-3 fatty acids 1.7 0.4

Fig. 1: Triglycerides tolerance of oils under investigation

Alpha-Linolenic acid as omega-3 fatty acid was present in
purslane and garden cress seeds oil by 16.2 and 30.1%,
respectively. The ratio of omega-6 to omega-3 fatty acids was
1.7 and 0.4 in purslane oil and garden cress oil, respectively.

Postprandial lipemia: Figure 1 showed the postprandial
triglycerides of rats given corn oil, coconut oil, garden cress oil
and purslane oil. Plasma triglycerides of rats given the
different oils showed non-significant changes when different
oils groups were compared with each other’s.  All  rats showed

significant elevation of plasma triglycerides levels after 2 h
from oral dose of different oils compared with zero time. After
4 h from oral administration of the different oils garden cress
and purslane oils showed the lower elevation in plasma
triglycerides. Coconut oil elevates plasma triglycerides
significantly after 4 h of oil administration compared with
garden cress and purslane oils. After 6 h from oil oral
administration plasma triglycerides levels of all rats were
reduced similar to zero time level.

Evaluation of hypolipidemic effect of garden cress and
purslane oils: Table 3 summarized changes in the biochemical
parameters in all the experimental groups. Hyperlipidemic
control group illustrated a significant hyperlipidemia clarified
by    elevation    in    plasma    total    cholesterol,    non-HDL-Ch,
atherogenic risk factors (T-Ch/ HDL-Ch and TG/HDL-Ch ratios)
and also HDL-Ch reduced significantly in comparison with
normal control group. Hepatic fat elevates significantly in
hyperlipidemic control compared with normal rats group. All
rats groups treated with purslane or garden cress oil showed
significant improvement and hypolipidemic effect on lipid
profile in plasma and liver with various degrees in comparison
with hyperlipidemic control. Oral administration with both oils
significantly reduced and nearly restored the values of hepatic
fat to normal values. 

The activities of transaminases (ALT and AST) as indicator
to liver function showed significant elevation in
hyperlipidemic control. Transaminases activities showed
significant reduction in rats given purslane or garden cress oil.
Hyperlipidemic rats showed significant elevation of lipid
peroxidation as presented by MDA plasma level and this
elevation was attenuated by administration of purslane or
garden cress oil.

Kidney function as determined by plasma levels of
creatinine    and    urea    showed     significant     elevation     in
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Table 3: Biochemical parameters of different experimental groups
Parameters Normal control Fatty liver control Purslane oil in diet Purslane oil oral Garden cress oil in diet Garden cress oil oral
Plasma
T-Ch (mg dLG1) 73.30±2.09b 108.60±3.13a 71.50±1.49b 85.50±5.09abc 94.80±1.48abd 85.00±3.78abc

TG (mg dLG1) 66.36±1.72b 163.60±3.96a 84.20±1.85ab 84.60±5.09ab 90.60±3.93ab 73.40±3.49b

HDL-Ch (mg dLG1) 39.00±0.63b 25.50±0.47a 26.50±0.96a 30.20±0.72ab 29.90±1.12ab 33.40±1.24abc

LDL-Ch (mg dLG1) 20.40±0.56b 55.80±2.39a 27.30±0.74ab 48.00±2.70a 50.10±2.80a 39.40±2.58abc

VLDL-Ch (mg dLG1) 13.30±0.34b 32.70±0.79ab 16.80±0.37ac 16.90±1.02ac 18.10±0.79ac 14.70±0.6b

Non-HDL-Ch (mg dLG1) 34.30±2.29b 83.10±3.12a 44.90±1.46adc 55.40±4.98ad 64.90±2.17ab 51.60±4.20adc

T-Ch/HDL-Ch ratio 1.90±0.07bc 4.30±0.14ac 2.70±0.1ab 2.80±0.17ab 3.20±0.14abc 2.60±0.17ab

TG/HDL-Ch ratio 1.70±0.057a 6.40±0.177d 3.20±0.185c 2.80±0.145c 3.10±0.175c 2.20±0.167b

MDA (nmo mLG1) 5.69±0.22b 8.19±0.20a 5.70±0.41b 5.12±0.29b 5.17±0.18b 4.91±0.31ab

ALT (IU LG1) 21.00±0.96b 29.67±0.67a 25.67±1.63ab 26.83±0.79a 26.33±0.84a 25.67±0.67ab

AST (IU LG1) 42.67±1.31bc 65.67±1.94ac 54.17±2.83abd 48.33±1.02abc 44.33±2.29bc 46.17±1.14bc

Creatinine (mg dLG1) 0.53±0.04a 0.67±0.03a 0.56±0.05b 0.61±0.04a 0.56±0.05b 0.54±0.03a

Urea (mg dLG1) 27.81±0.68c 30.19±1.012c 20.70±1.588ab 26.67±0.843c 29.70±1.631c 29.96±1.698a

Liver tissue
Total fat (mg gG1 tissue) 21.00±0.63b 58.30±1.80a 22.70±0.88b 22.70±0.88b 24.80±0.79ab 22.70±0.88b

T-Ch (mg gG1 tissue) 2.23±0.11b 9.63±0.33a 2.65±0.2b 2.65±0.2b 3.27±0.18ab 2.65±0.20b

TG (mg gG1 tissue) 5.47±0.29b 17.80±0.70a 5.90±0.27b 5.90±0.27b 6.63±0.31bc 5.90±0.27b

Data are expressed as Mean±SE, values with different superscript letters in the same row are significantly different at p<0.05 levels

Table 4: Nutritional parameters of different experimental groups
Parameters Normal control Fatty liver control Purslane oil in diet Purslane oil oral Garden cress oil in diet Garden cress oil oral
Initial body weight (g) 112.500±2.12a 112.200±3.03a 112.300±4.03a 112.200±4.09a 112.500±2.12a 112.20±4.95a

Final body weight (g) 172.817±7.16b 205.550±6.91a 161.967±8.05b 165.450±3.13b 169.033±8.38b 172.40±10.15b

Body weight gain (g) 60.320±5.83b 93.380±6.99a 49.630±11.18b 53.280±5.03b 56.530±9.26b 60.20±10.86b

Total food intake (g) 700.000±3.65b 770.000±3.91a 703.000±7.27b 707.000±4.94b 701.000±4.42b 702.00±3.33b

Feed efficiency ratio 0.161±0.003b 0.146±0.004b 0.231±0.013a 0.159±0.006b 0.241±0.011a 0.16±0.01b

Relative liver weight 2.790±0.13b 3.580±0.22a 4.040±0.29a 3.790±0.24a 4.070±0.11a 4.63±0.33ab

Data are expressed as Mean±SE, values with different superscript letters in the same row are significantly different at p<0.05 levels

hyperlipidemic rats in comparison with normal control.
Supplementation with purslane and garden cress oil
significantly reduced the elevation of kidney function. 

Table 4 showed the nutritional parameters of the different
experimental groups. The results obtained indicated that diet
high fat and cholesterol significantly elevates body weight
gain and relative liver weight in hyperlipidemic rats in
comparison with normal rats’ group. Administration of
purslane and garden cress seeds oil either in diet or oral
treatment exhibited a significant reduction in body weight
gain with more reduction regard to purslane oil in diet.

DISCUSSION

The present results showed that purslane oil contains
high level of linoleic acid (26.9%) followed by oleic acid
(22.6%) and alpha-linolenic acid (ALA) (16.2%). These results
are less than that reported by Ai et al.32 and Osman and
Hussein33, whom stated that purslane seeds oil contain 40.3%
ALA, 29.4% linoleic acid and 15.6% oleic acid. The difference
in the ratio of fatty acids may be attributed to the source
variation; soil and climatic conditions which greatly affect the
seed content  of  the  different  components.  Garden  cress  oil

contains high level of ALA (30.1%) followed by oleic acid
(22.2%) linoleic acid (10.7%), these results are in agreement
with the results of Alshammari et al.34, who reported that ALA
(30%) was the major fatty acid in garden cress oil followed by
oleic acid (23.5%) and linoleic acid (11.4%).

Postprandial hyperlipidemia may contribute in the
increment of the progression of cardiovascular disease.
Triglycerides is widely recognized that from the risk factors of
cardiovascular diseases and other chronic disease is the
fasting and postprandial blood triglyceride levels, however,
postprandial lipemia is depends on many factors like genetic
background and age as well as the amount of fats and fatty
acids compositions have an important effect on postprandial
response and triglyceride metabolism35,36. Administration of
purslane seeds and garden cress oils, which contain high
levels of polyunsaturated fatty acids (ω-3 and ω-6) lowered the
elevation in plasma triglycerides levels, while coconut oil
elevates plasma triglycerides significantly after 4 h of oil
administration. The present results are in agreement with
Jackson  et  al.37. These results proved the hypolipidemic effect
of garden cress and purslane oils.

Omega-3   fatty   acids   possess   beneficial  effects
towards   prevention   of   many    chronic    diseases    such   as
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hypertriglyceridemia and insulin resistance. Plant seeds oil
become more popular and have a role in prevention and
treatment of many chronic diseases due to their high content
of polyunsaturated fatty acids, phenolic compounds and
antioxidant compounds such as tocopherols38. In the present
research two plant seeds rich in oil were used as source of
unconventional edible oil. These seeds are purslane and
garden cress, which contain high levels of omega-3 fatty acids
as observed from fatty acids profile of the oils. The data of the
current study showed that high fat high cholesterol diet
induced hyperlipidemia characterized by significant elevation
in plasma lipid profile with reduction in HDL-Ch concomitant
with elevation in hepatic lipid content and liver function. In
the same time, plasma MDA levels were significantly elevated
in hyperlipidemic control. Hyperlipidemic diet may be led to
overproduction of reactive oxygen species which lead to
oxidative damage and contribute to organ injury such as
liver39. In the current research; supplementation with purslane
oil and garden cress oil to rats feeding on high fat diet either
in diet or orally clarified significant improvement in all the
studied parameters with different degrees. Alleviation of
hyperlipidemia and suppression of the levels of hepatic lipids
the present results are in agreement with the results of
Diwakar et al.40, Hussein41. Prophylactic effects of omega-3
polyunsaturated fatty acids on cardiovascular diseases was
observed through increasing the level of high-density
lipoprotein-cholesterol and reducing the level  of triglycerides,
in    association    with    anti-inflammatory,    anti-platelet
activities and ameliorates the endothelial function42,43.
Ebrahimzadeh  et  al.13  stated  that  purslane  used  as  health
food for patients with cardiovascular diseases due to its high
content of "-linolenic acid and carotenes. In this context
Osman and Hussein33  found that purslane seeds oil suppress
the increases in body weight and plasma lipids content.
Garden cress oil contains phenolic and flavonoids compound
such as glycoside and tannin, these bioactive compounds
possess antioxidant activity besides its content of omega-3
PUFA44. The high content of phenolic compounds, flavonoids
and tocopherol, in addition to omega-3 fatty acids enhance
the ability to improve hyperlipidemia and to inhibit lipid
peroxidation by scavenging free radicals45,46. Diwakar et al.40

reported that feeding rats with 10% garden cress seeds oil
improved hyperlipidemia. Also Osman and Hussein34 and
Garrel et al.47  reported that feeding omega-3 in diet improved
hyperlipidemia and antioxidant enzymes. Consumption of oils
rich in ALA like purslane and garden cress decreased
cholesterol content in liver, due to higher cholesterol secretion
into bile which leading to a depletion of into intrahepatic pool
of cholesterol39,48,49.

In the current study, feeding rats on diet containing high
fat high cholesterol induced oxidative stress evident as
elevation in plasma MDA level and these results improved by
oil supplementation (Purslane seed and garden cress oil)
concomitant with high fat feeding. These results are in
agreement  with  the  results  of  Valenzuela  et  al.50  and
Jeyapal et al.51, whom showed that high fat diet increased liver
MDA and decreased antioxidant enzymes as SOD, GSH and
catalase.  Also  ω-3  fatty  acids  administration  attenuates
hepatic oxidative stress and triglyceride content50. Elevation of
ALT and AST as indicator to liver function observed in rats feed
on diet containing high fat in the current study was in
agreement with the results obtained by previous study of Al
Hamedan52. Excessive storage of fat in the liver affects liver
functions and elevates the susceptibility to free radical attack
in hyperlipidemic rats, which leads to increase hepatic fat53.
Supplementation by purslane oil and garden cress oils
represented a reduction in the activity of these enzymes as
compared to hyperlipidemic fed rats. Based on this result, the
present results could argue that oil of purslane and garden
cress seeds may have hepatoprotective effect.

CONCLUSION

The present study concluded that purslane seeds and
garden cress seeds can be used as unconventional source of
edible oils with promising hypolipidemic effect.

SIGNIFICANCE STATEMENT

This study confirmed that purslane and garden cress as
unconventional edible oils are good source of omega-3 fatty
acids. Both oils significantly reduced postprandial triglycerides.
These oils showed significant improvement in plasma and
hepatic lipid profiles with different degrees. Purslane and
garden cress oils can be used effectively for prevention of
hyperlipidemia. 

REFERENCES

1. Gao, L., Z. Lin, Y. Liu, X. Wang, L. Wan, L. Zhang and X. Liu,
2018.   Hypolipidemic   effect   of   Fragaria  nilgerrensis
Schlecht.  medicine  compound  on  hyperlipidemic  rats.
Lipids Health Dis., Vol. 17. 10.1186/s12944-018-0868-4.

2. Dhulasavant, V., S. Shinde, M. Pawar and N.S. Naikwade, 2010.
Antihyperlipidemic  activity  of  Cinnamomum  tamala  Nees.
on   high   cholesterol   diet   induced     hyperlipidemia.    Int.
J. PharmTech Res., 2: 2517-2521.

542



Pak. J. Biol. Sci., 22 (11): 537-544, 2019

3. Yang, L., Z. Li, Y. Song, Y. Liu  and  H. Zhao  et  al.,  2019.  Study
on   urine   metabolic   profiling   and   pathogenesis   of
hyperlipidemia. Clin. Chim. Acta, 495: 365-373.

4. Udomkasemsab, A., C. Ngamlerst, K. Kwanbunjun, T. Krasae,
K. Amnuaysookkasem, P. Chunthanom and P. Prangthip,
2019. Maoberry (Antidesma bunius) improves glucose
metabolism, triglyceride levels and splenic lesions in high-fat
diet-induced   hypercholesterolemic   rats.   J.   Med.    Food,
22: 29-37.

5. Wahed, W.Y.A., K. El-Khashab and S.K. Hassan, 2016.
Prevalence of dyslipidemia among healthy university
students: Fayoum governorate, Egypt. Epidemiol. Biostat.
Public Health, Vol. 13. 10.2427/11769.

6. Grundy,  S.M.,  J.I.  Cleeman,  C.N.B.  Merz,  H.B.  Brewer  and
L.T. Clark et al., 2004. Implications of recent clinical trials for
the national cholesterol education program adult treatment
panel III guidelines. J. Am. Coll. Cardiol., 44: 720-732.

7. Wang,   H.,    M.    Naghavi,    C.    Allen,    R.M.    Barber    and
Z.A. Bhutta et al., 2016. Global, regional and national life
expectancy, all-cause mortality and cause-specific mortality
for  249  causes  of  death,  1980-2015:  A  systematic  analysis
for  the  global  burden  of   disease    study   2015.   Lancet,
388: 1459-1544.

8. Golzari, M.H.,  M.H. Javanbakht,  E. Ghaedi,  H. Mohammadi
and M. Djalali, 2019. Effect of eicosapentaenoic acid
supplementation on paraoxonase 2 gene expression in
patients  with  type  2  diabetes  mellitus:  A  randomized
double-blind clinical trial. Clin. Nutr. Res., 8: 17-27.

9. Kuchta,   A.,   A.   Konopacka,   K.   Waleron,   A.   Viapiana   and
M.  Wesolowski  et  al.,  2019.  The  effect  of  cistus  incanus
herbal  tea  supplementation  on  oxidative  stress  markers
and  lipid  profile  in  healthy  adults.  Cardiol.  J.,  Vol. 26.
10.5603/CJ.a2019.0028.

10. Alam,   M.A.,    A.S.    Juraimi,    M.Y.    Rafii,    A.A.    Hamid    and
F. Aslani et al., 2014. Evaluation of antioxidant compounds,
antioxidant activities and mineral composition of 13 collected
purslane  (Portulaca  oleracea  L.)  accessions.  BioMed  Res.
Int. 10.1155/2014/296063.

11. Liu, L., P. Howe, Y.F. Zhou, Z.Q. Xu, C. Hocart and R. Zhang,
2000. Fatty acids and $-carotene in Australian purslane
(Portulaca  oleracea) varieties. J. Chromatogr. A., 893: 207-213.

12. Uddin, M.K., A.S. Juraimi, M.S. Hossain, M.A.U. Nahar, M.E. Ali
and M.M. Rahman, 2014. Purslane weed (Portulaca oleracea):
A prospective plant source of nutrition, omega-3 fatty acid
and antioxidant attributes. Scient. World J., Vol. 2014.
10.1155/2014/951019.

13. Ebrahimzadeh, M.A., S.F. Nabavi and S.M. Nabavi, 2009.
Essential oil composition and antioxidant activity of
Pterocarya  fraxinifolia.  Pak. J. Biol. Sci., 12: 957-963.

14. Jabeen,  A.,  S.  Rani,  M.  Ibrahim  and  A.  Mohammad,  2017.
A review  on  Lepidium  sativum.  Indo.  Am.  J.  Pharm.   Sci.,
4: 2223-2227.

15. Gokavi, S.S., N.G. Malleshi and M. Guo, 2004. Chemical
composition of  garden cress  (Lepidium  sativum)  seeds  and
its fractions and use of bran as a functional ingredient. Plant
Foods Hum. Nutr., 59: 105-111.

16. Gopalan, C., B.V.R. Sastri and S.C. Balasubramanian, 2004.
Nutritive  Value  of  Indian  Foods.  National  Institute  of
Nutrition, Indian Council of Medical Research, Hyderabad,
India, pp: 2-4.

17. Khan, N., V.M. Adhami and H. Mukhtar, 2008. Apoptosis by
dietary agents for prevention and treatment of cancer.
Biochem. Pharmacol., 76: 1333-1339.

18. Merlin, N.J., V. Parthasarathy and T.R. Santhoshkumar, 2010.
Induction of apoptosis in human breast cancer cell line MCF-7
by phytochemicals from  Gmelina  asiatica.  Afr. J. Biotechnol.,
9: 4451-4456.

19. Briggs, G.M. and M.A. Williams, 1963. A new mineral mixture
for experimental rat diets and evaluation of other mineral
mixtures. Fed. Proc., 22: 261-266.

20. Morcos, S.R., 1967. The effect of the protein value of the diet
on  the  neurological  manifestations  produced  in  rats  by $,
$-iminodipropionitrile. Br. J. Nutr., 21: 269-274.

21. Ustun, G., L. Kent, N. Cekin and H. Civelekoglu, 1990.
Investigation of the technological properties of Nigella  sativa
(Black Cumin) seed oil. J. Am. Oil Chem. Soc., 67: 958-960.

22. AOAC., 2000. Official Methods of Analysis. 17th Edn.,
Association of Official Analytical Chemistry, Arlington, VA.,
USA.

23. Watson, D., 1960. A simple method for the determination of
serum cholesterol. Clin. Chim. Acta, 5: 637-643.

24. Burstein, M., H.R. Scholnick and R. Morfin, 1970. Rapid method
for the isolation of lipoproteins from human serum by
precipitation with polyanions. J. Lipid Res., 11: 583-595.

25. Schriewer, H., U. Kohnert and G. Assmann, 1984.
Determination of LDL cholesterol and LDL apolipoprotein B
following precipitation of VLDL in blood serum with
phosphotungstic   acid/MgCl2.  J.  Clin.  Chem.  Clin.  Biochem.,
22: 35-40.

26. Megraw, R.E., D.E. Dunn and H.G. Biggs, 1979. Manual and
continuous-flow colorimetry of triacylglycerols by a fully
enzymatic method. Clin. Chem., 25: 273-278.

27. Satoh, K., 1978. Serum lipid peroxide in cerebrovascular
disorders determined by a new colorimetric method. Clin.
Chim. Acta, 90: 37-43.

28. Reitman, S. and S. Frankel, 1957. A colorimetric method for
the determination of serum glutamic oxalacetic and glutamic
pyruvic transaminases. Am. J. Clin. Pathol., 28: 56-63.

29. Owen, J.A., B. Iggo, F.J. Scandrett and C.P. Stewart, 1954. The
determination of creatinine in plasma or serum and in urine;
a critical examination. Biochem. J., 58: 426-437.

30. Fawcett,  J.K.  and  J.E.  Scott,  1960.  A  rapid  and  precise
method  for  the   determination   of   urea.   J.   Clin.   Pathol.,
13: 156-159.

543



Pak. J. Biol. Sci., 22 (11): 537-544, 2019

31. Folch, J., M. Lees and G.H.S. Stanley, 1957. A simple method
for the isolation and purification of total lipides from animal
tissues. J. Biol. Chem., 226: 497-509.

32. Ai, F., J. Bin, D. Zhong, Y. Yang and Y. Liang, 2013. Comparison
and analysis of fatty acids between oil-tea camellia seed oil
and other vegetable oils. China Oils Fats, 38: 77-80.

33. Osman, S.M. and M.A. Hussein, 2013. Purslane seeds fixed oil
as a functional food in treatment of obesity induced by high
fat diet in obese diabetic mice. J. Nutr. Food Sci., Vol. 5.
10.4172/2155-9600.1000332.

34. Alshammari, G.M., M.A. Yahya and S.B. Ahmed, 2017. Nutritive
value of Elrashad (Lepidium sativum L.) seeds grown in Saudi
Arabia. J. Exp. Biol. Agric. Sci., 5: S155-S159.

35. O'Reilly,   E.M.,   B.J.   Holub,   M.   Laidlaw,   C.   Garrioch   and
M.G. Wlodek, 2011. Development of a standardized clinical
protocol for ranking foods and meals based on postprandial
triglyceride responses: The Lipemic index. ISRN Vascul. Med.,
Vol. 2011. 10.5402/2011/936974.

36. Vors,      C.,      G.      Pineau,      L.      Gabert,      J.      Drai      and
C.  Louche-Pelissier  et  al.,   2012.   Modulating   absorption
and postprandial handling of dietary fatty acids by
structuring fat in the meal: A randomized crossover clinical
trial. Am. J. Clin. Nutr., 97: 23-36.

37. Jackson, K.G., E.J. Wolstencroft, P.A. Bateman, P. Yaqoob and
C.M. Williams, 2005. Acute effects of meal fatty acids on
postprandial NEFA, glucose and apo E response: Implications
for insulin sensitivity and lipoprotein regulation? Br. J. Nutr.,
93: 693-700.

38. Gonzalez-Manan, D., P. Pettinelli and G. Tapia, 2018.
Vegetable oils as a source of alpha-linolenic acid and
tocopherols: Potential effects in the treatment of chronic
diseases. Clin. Pharmacol. Transl. Med., 2: 75-83.

39. West, I.C., 2000. Radicals and oxidative stress in diabetes.
Diabet Med., 17: 171-180.

40. Diwakar, B.T.,  P.K.  Dutta,  B.R.  Lokesh  and  K.A.  Naidu,  2008.
Bio-availability and metabolism of n-3 fatty acid rich garden
cress (Lepidium sativum) seed oil in albino rats.
Prostaglandins Leukotrienes Essent. Fatty Acids, 78: 123-130.

41. Hussein, M.A., 2010. Purslane extract effects on obesity-
induced  diabetic  rats  fed  a  high-fat  diet.  Malays.  J.  Nutr.,
3: 419-429.

42. Yanai, H. and H. Yoshida, 2014. Eicosapentaenoic Acids (EPA)
for atherosclerotic diseases. JSMUFF., 8: 215-220.

43. Yanai,    H.,    Y.    Masui,    H.    Katsuyama,    H.    Adachi    and
A. Kawaguchi et al., 2018. An improvement of cardiovascular
risk factors by omega-3 polyunsaturated fatty acids. J. Clin.
Med. Res., 10: 281-289.

44. Hamer, M. and A. Steptoe, 2006. Influence of specific nutrients
on progression of atherosclerosis, vascular function,
haemostasis and inflammation in coronary heart disease
patients: A systematic review. Br. J. Nutr., 95: 849-859.

45. Nadkarni, K.M. and A.K. Nadkarni, 2000. Indian Materia
Medica-2. 3rd Edn., Popular Prakasan, India, pp: 481-484,
1028-1030, 1205-1210, 1308-1315.

46. Cai, Y., Q. Luo, M. Sun and H. Corke, 2004. Antioxidant activity
and phenolic compounds of 112 traditional Chinese
medicinal   plants   associated   with   anticancer.   Life   Sci.,
74: 2157-2184.

47. Garrel, C., J.M. Alessandri, P. Guesnet and K.H. Al-Gubory,
2012. Omega-3 fatty acids enhance mitochondrial superoxide
dismutase activity in rat organs during post-natal
development. Int. J. Biochem. Cell Biol., 44: 123-131.

48. Morise,  A.,  J.  Mourot,  M.  Riottot,  P.   Weill,   E.   Fenart   and
D. Hermier, 2005. Dose effect of alpha-linolenic acid on lipid
metabolism in the hamster. Reprod. Nutr. Dev., 45: 405-418.

49. Vijaimohan,  K.,  M.   Jainu,   K.E.   Sabitha,   S.   Subramaniyam,
C. Anandhan and S.C.S, Devi, 2006. Beneficial effects of alpha
linolenic acid rich flaxseed oil on growth performance and
hepatic cholesterol metabolism in high fat diet fed rat. Life
Sci., 79: 448-454.

50. Valenzuela,      R.,      A.      Espinosa,      D.      Gonzalez-Manan,
A.  D'Espessailles,  V.  Fernandez,  L.A.  Videla  and  G.  Tapia,
2012. N-3 long-chain polyunsaturated fatty acid
supplementation  significantly  reduces  liver  oxidative stress
in  high  fat  induced  steatosis.  Plos  One,  Vol.  7.
10.1371/journal.pone.0046400.

51. Jeyapal,    S.,    S.R.    Kona,    S.V.    Mullapudi,    U.K.    Putcha,
P.   Gurumurthy  and  A.   Ibrahim,  2018.  Substitution  of
linoleic acid with "-linolenic acid or long chain n-3
polyunsaturated fatty acid prevents Western diet induced
nonalcoholic steatohepatitis. Scient. Rep., Vol. 8.
10.1038/s41598-018-29222-y.

52. Al    Hamedan,    W.A.,    2010.    Protective    effect    of
Lepidium  sativum  L.  seeds  powder  and  extract  on
hypercholesterolemic  rats.  J.  Am.  Sci.,  6:  873-879.

53. Yadav, Y.C., D.N. Srivastav, A.K. Seth, V.D. Gupta, K.S.Yadav and
S. Kumar, 2009. Nephroprotective and curative activity of
Lepidium Sativum L. seeds in albino rats using cisplatin
induced nephrotoxicity. Pharmacology, 3: 640-646.

544


