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ABSTRACT

Hyperlipidemia has been recognized as a risk factor for cardiovascular diseases of atherosclerosis, and is now
emerging as a contributing factor for the progression of renal diseases. Olive oil is well known to reduce the
cholesterol and triglyceride. Nephroprotective effects of olive oil are inconsistent. So, the objective of this study
is to investigate such role against biochemical and histopathological changes, which may occur in the rat kidney
fed with high fat diets. Material and Methods: 24 adult male albino rats (200-250gm) were divided into three
groups: Groupl: animals served as control. They were fed standard diet along with saline. Group 2: animals
were fed high SFD (lightly heated butter) at a dose of 6 ml along with standard diet. Group 3: animals were fed
high SFD (6.0 ml) with fresh Olive oil (1.5 ml) for 10 weeks. After finishing the experiment, blood samples were
collected and assessed for lipid profile and kidney functions. Then, rats were sacrificed after anesthetized by
ether. Both kidneys were extracted and slices of them were processed for histopathological examination. The
statistical analysis of the data using the appropriate statistical tests were also conducted. Results: in the present
study, histological examination of renal tissue of the rats fed on SFD for 10 weeks showed various degrees of
degeneration and necrosis of glomeruli and renal tubules with areas of hemorrhage between the renal tubules.
Histological examination of the renal tissue fed on SFD and olive oil showed less affection of the glomeruli and
renal tubules with less areas of hemorrhage.

Conclusion and Recommendations: From this study, it is concluded that olive oil ameliorates the kidney injury
induced by hyperlipidemia. Daily consumption of olive oil in the diets is recommended, as it is a well-known fact
that atherosclerosis and cardiovascular disease can be avoided or delayed by using unsaturated fatty acids and
olive oil is the best source of mono-unsaturated fatty acids.
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of low density lipoprotein cholesterol [2] which leads
INTRODUCTION to induction of atherosclerosis and  many

With today’s hectic lifestyles, people pay no attention
to the consumption of fresh fruits and green
vegetables that boost their antioxidant status [1].
Adding to rich cholesterol feeding and lack of
sufficient physi

cal activity, all these factors contribute to the increase
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cerebrovascular disease and 56% of ischemic heart
disease [3, 4].

Hyperlipidaemia is a condition in which the levels of
lipoproteins cholesterol, triglycerides are raised in the
plasma, which can be related to high lipids in the body.
Hyperlipidaemia is contributed to high fat diet,
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sedentary lifestyle, etc. [5]

In 2012, cardiovascular diseases were the second
causes of death [6]. According to 7 WHO [7], Ischaemic
heart disease and stroke became the chief first killers
worldwide.

Hyperlipidaemia causes atherosclerosis, and this leads
to development of kidney disease [3, 8].

High lipid diets are rich in saturated fatty acids and
responsible for development of hyperlipidaemia. Olive
oil is rich in monounsaturated fatty acids and it is a
well source of phytochemicals. Many studies have
been shown the various effects of olive oil on glucose
and lipid profile. They mentioned that olive oil was
significantly increased plasma concentration of low-
density lipoprotein cholesterol and high-density
lipoprotein cholesterol [9, 10].

Treatment with olive oil reduced the low - density
lipoprotein cholesterol and triglycerides (11, 12).
Olive oil is an essential food in the Mediterranean diet.
Most results revealed that it reduces the risk of
coronary heart diseases and prevents some malignant
tumors [13, 14, 15].

It is known that the health effects of dietary
consumption of monounsaturated fatty acids were
related to the decrease in endothelial activation [16]
and the susceptibility of low-density lipoprotein
cholesterol to oxidation [17, 18].

Since the studies on the effect of olive oil on lipid
profile are variable, the aim of this work is
investigating the possible ameliorative effects of olive
oil in hyperlipidemia induced renal injury.

MATERIAL AND METHODS

Twenty-four adult male rats, 90-120 days old, and
weighing from 200-250 gm. were selected for the
present study. They were purchased and maintained
under the consent ethical rules of animal house of
King Fahd Medical Research Center - Jeddah, Saudi
Arabia.

In this study, high saturated fat diet (SFD) was used in
the form of lightly heated butter at a dose of 6ml [19].
A dose of 1.5 ml/ Kg olive oil was used and obtained
from the local market [20]. The animals were divided
into 3 groups: Groupl: animals served as control
group. They were fed with standard diet alongside
saline. Group 2: animals were fed with high SFD
(lightly heated butter) at a dose of 6ml alongside
standard diet. Group 3: animals were fed with high
SFD (6.0 ml) alongside fresh Olive oil (1.5 ml)
Statistical Analysis

At end of the experiment, blood samples were
collected and assessed for lipid profile and kidney
functions. The statistical analysis of the data was
conducted. Statistical Package for Social Science
(SPSS) version 20 for windows program was applied
to analyse the present data. The data were expressed
as means * standard deviation (SD). Comparison of
variables between groups was performed using one-
way analysis of variance (ANOVA).Statistical
significances were considered at P-value < 0.05.
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Histological Examination

The animals were sacrificed after 10 weeks, the kidney
tissues were processed for histological examination.
Each group of sections was stained by Hematoxylin
and Eosin stain and Periodic acid-Schiff stain [21].

RESULTS

A. STATASTICAL RESULTS

Table (1) and Graph (1) showed that the body weights
in G2 were significantly higher than G1 in all weeks of
experiment (P =0.0001,).

Table (2) and Graph (2) showed that in the 4th and
5th weeks, the percentage change in body weights of
G4 was significantly lower than G1 (P =0.004 & P
=0.015, respectively). From the 6th to 10th week, the
percentage change in body weights of G3 was
insignificantly lower than G1.

Table (3) and Graph (3) showed that serum level of
triglyceride in G3 was insignificantly lower than G1
(1P=0.073). Table (4) and Graph (4) showed that
serum level of uric acid in G4 was insignificantly
higher than G1 (1P=0.442). Serum Creatinine was

insignificantly lower in G3 compared to G1
(1P=0.234). Serum level of urea in G3 was
insignificantly lower in G3 compared to Gl
(1P=0.435).

B. HISTOLOGICAL RESULTS

Group 1: control group

Microscopic examination of renal sections from
control group showed the glomerulus consisted of
capillaries network set within a small amount of
connective tissue. The basement membranes of the
capillaries are continuous with the Bowman's capsule
of the glomerulus, and is separated from it by
Bowman's space. The renal tubules are lined
throughout a single-layered epithelium. The cells
appeared cubical having eosinophilic cytoplasm and
centrally basophilic nuclei (Figs.1, 2&3). In section
stained by PAS, renal tissue gives moderate positive
reaction (Figs. 4&5)

Group 2: SFD (Butter) group

Microscopic examination of transverse sections from
the kidney of group 2 (rats fed with SFD) showed
affection of the glomeruli in the form of widening of
Bowman'’s space (urinary space) with congestion of
the capillaries. Areas of hemorrhage appeared
between the renal tubules (inter-tubular hemorrhage).
The cells of the renal tubules showed various
degrees of degeneration and disruption of the tubular
epithelium (Figs.1, 2&3).In the section stained by
PAS, renal tissue gives nearly negative reaction (Figs.4
& 5).

Group 3: SFD (Butter) + Olive oil

Microscopic examination of transverse sections from
the kidney of group 3 (rats fed on SFD and olive)
showing less widening of Bowman's space as
compared with group 2. Most of the glomerular

Www.eijppr.com

35



International Journal of Pharmaceutical and Phytopharmacological Research (elJPPR) | August 2017 | Volume 7 | Issue 4 | Page 34-42
Laila M. Aboul-Mahasen., The Ameliorative Effect of Olive Oil in The Biochemical And Histopathological Changes of The Rat Kidney Induced By

Hyperlipidemia

capillaries still appear congested but not dilated. Most
of the cells of renal tubules appeared regenerated.
Less areas of intertubular hemorrhage were present
(Figs.1, 2 &3). In the section stained by PAS, renal
tissue gives mild positive reaction (Figs. 4&5).

DISCUSSION

In the present study, the body weights in rats fed on
SFD were significantly higher than control group in all
weeks of experiment. This result agreed with
Altunkaynak et al.[22], who mentioned that a fatty diet
was responsible for the rats’ obesity and might lead to
renal histopathological changes.

In the present study , the insignificancy of the changes
in the lipid profile could be the result of SFD- induced

hepatitis [23] or as a result of using refined oils with
no phenolic content, these were agreed with many
reports [12, 24, 25].

In this study, microscopic examination of renal tissue
of the rats fed with SFD for 10 weeks showed affection
of the glomeruli in the form of dilatation of Bowman’s
space and congestion of glomerular capillaries. The
cells of the renal tubules showed various degrees of
degeneration and disruption of the tubular epithelium.
Areas of haemorrhage appeared between the renal
tubules. Microscopic examination of the renal tissue
fed with SFD and olive oil showed less affection of the
glomeruli and renal tubules with less areas of
haemorrhage.

Table (1) : Comparison of body weights (grams) in different studied groups.
1st 2nd 3rd 4th Sth 6th 7h 8th 9th 10th
Groups week week | week | week | week | week | week | week | week | week
G1 194.75 205. 228. 245. 258. 276. 280. 289.2 306. 310.
(control +3 '59 7545 50+6 5049 5017 25+1 009 5+20. 50+3 004
group) | 75 40 .03 85 | 452 | .63 27 1.51 | 1.35
G2 240.00 261. 277. 287. 315. 327. 345, 355.7 371. 382.
(Butter +8 .68 501 00£1 00+£2 25+1 00£1 25+2 5424, 50+2 75+2
group) e 5.50 9.24 2.32 9.00 9.61 1.09 74 7.93 9.51
. 1p= 1p= 1p= 1p= 1p= 1p= 1p= 1p=
Sfr‘l’c‘gc 0.?)12)_0 , | 000 | 000 | 000 | 000 | 0.00 | 0.00 oToPaz 0.00 | 0.00
01 01 2 1 2 1 4 1
G4
(Butter 201.25 215. 225. 225. 237. 260. 275. 282.7 306. 308.
& olive 45 67 2545 009 75+1 002 75%2 50+2 5+36. 331 671
oil - .68 .02 7.15 5.39 2.44 5.63 40 9.14 7.21
group)
. 1p= 1p= 1p= 1p= 1p= 1p= 1p= 1p=
S':;g:c'sc 0T1P;9 018 | 072 | 0.10 | 016 | 029 | 0.79 0?5;6 099 | 0.95
3 4 9 4 8 6 4 1

Data are expressed as mean+/- standard deviation. 1P: significance versus G1

Table (2): Comparison of percentage changes in body weights (%) in different studied groups.

G 2nd 3rd 4th 5th 6 K 7h gth gth 10th
roups week week | week | week wee week week week week
G1 (control | 5.66¢1 | 173 | 260 | 327 1 41 96. | 4386+ | 4870+ | 5763+ | 2001
group) 20 | 42 | 6£3. ) 9t 9.52 722 | 1316 | 1913 | 43
' 87 78 | 5.61 . ' ' ' 9
G2 (Butter 8.93+4 iif 51:'54 gif 3620+ | 43.82+ | 48.15+ | 54.68+ | 59.37
group) 15 b 92 . 4.96 6.22 6.74 746 | +8.26
1p= 1p= 1p=
. 1p= 1p= 1p 1p= 1p= 1p=
Significance 0.104 0'5’4 0';3 0'679 0388 | =0996 | 0.954 | 0.768 | 0.989
G3 (Butter & | 7.00+3 ;1;69 33'92 ffﬁ 2970+1 | 37.06+ | 40.59+ | 51.45+ E;S?
olive oil group) 31 72 39 89 2.56 14.44 18.84 14.02 2
1p= 1p= 1p=
. 1p= 1p= 1p 1p= 1p= 1p=
Significance 0.495 0';0 0'20 O'S Ll 0072 | =0416 | 0402 | 0569 | 0527

Data are expressed as mean+/- standard deviation. 1P: significance versus G1.
Percentage change in body weight (%) = Body weight - initial body weight / initial body weight X 100. 1P:

significance versus control group) .
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Table (3) : Comparison of lipid profile in different studied groups.

Groups Cholesterol Triglyceride | Low density lipoprotein
(mmol/L) (mmol/L) cholesterol (U/L)
G1 (Control group) 1.38+0.11 0.89+0.60 327.50+£266.16
G2 (Butter group) 1.30+0.00 0.47+0.46 592.00+471.30
Significance 1p=0.531 1p=0.087 1P=0.230
G3 (Butter & olive oil group) 1.40+0.13 0.45+0.23 561.75+372.66
Significance 1P=0.909 1P=0.073 1P=0.286

Data are expressed as mean+/- standard deviation. 1P: Significance versus G1 (Control group).

Table (4): Comparison of Kidney functions in different studied groups

Blood urea
Groups Uric acid (pmol/L) Creatinine (umol/L) nitrogen
(mmol/L)
G1 (control group) 67.50£28.36 47.50+6.14 6.65+0.75
G2 (Butter group) 80.25+24.41 46.75+3.77 5.54+1.71
Significance 1P=0.433 1P=0.859 1P=0.216
G3 (Butter & olive oil group) 80.00£25.70 42.00+£1.73 5.90+1.70
Significance 1P=0.442 1P=0.234 1P=0.435

Data are expressed as mean+/- standard deviation. 1P: Significance versus G1 (Control group).
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Graph (1): Comparison of body weights (grams) in different studied groups.
1P: Significance versus G1

ISSN (Online) 2249-6084 (Print) 2250-1029 = WWW.eijppr.com



International Journal of Pharmaceutical and Phytopharmacological Research (elJPPR) | August 2017 | Volume 7 | Issue 4 | Page 34-42
Laila M. Aboul-Mahasen., The Ameliorative Effect of Olive Oil in The Biochemical And Histopathological Changes of The Rat Kidney Induced By
Hyperlipidemia

it
t

e ey

Pohipt g b

B
H f
i E
- e
i i
— | ; T % < T

m— | Graph 2| o

Graph (2) : Comparison of percentage changes in body weights in different groups.
1P: Significance versus G1
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Graph (3): Comparison of lipid profile in different studied groups.
1P: Significance versus G1

Graph (4): Comparison of Kidney functions in different studied groups.
1P: Significance versus G1
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Fig.(1): Photoicrographs of transverse sections from the cortex of the kidney of :

G1: Renal corpuscle of a control rat showing intact
glomeruli (G) and Bowman's capsules (B). Portions of
intact proximal (P) and distal (D) convoluted tubules
are appeared.

G2: Renal corpuscle of a rat fed on SFD showed a
marked dilatation of the Bowman's spaces (S).
Variable degrees of degeneration are present in
proximal (P) and distal (D) convoluted tubules

=2 *44' ke 5"

Fig. (2): Photomicographs of highér anification 0

G1: It appears intact and consists of Bowman's
capsule enclosing the glomerulus (G). The Bowman's
capsule is formed of parietal (black arrow) layer and
visceral layer (red arrow) separated by glomerular
capsular space (S). The glomerulus is formed of a
network of glomerular capillaries.
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G3: Renal corpuscle of a rat fed on SFD and olive
showed less dilatation of the spaces of Bowman's
capsules compared with that of rat of group 2 .
Improvement of the cells of proximal (P) and distal
(D) convoluted tubules are appeared (Hx &E). Scale
bar = 50um

f the previous figre owing the renal corpuscles of:

G2: It showed a marked dilatation of the spaces of
Bowman’s capsules (S) with congestion of glomerular
capillaries.

G3: It has less widening of Bowman's space (S) as
compared with that of rat of group 2 but congestion of
the glomerular capillaries still present. (Hx & E). Scale
bar =50 um
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Fig. (3) : Photomicrographs of transverse sections from cortex of the kidney showing the renal tubules of :

G1: they appear normal G3: they appear normal and to a great extent similar to
G2:. they showed marked degenerative changes and those of G1, no intertubular haemorrhage is detected
disrupted epithelium (arrows) . Areas of haemorrhage (Hx & E). Scale bar = 50 um

(H) are appeared between the renal tubules.
40
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with periodic acid Schiff showing

Fig. (4) : photomicroraphs of renal cortical tissues of the rats stained

G1 : Moderate positive reaction of the outer border of G3 : Mild positive reaction of the outer layer of the
the Bowman's capsule , basement border and brush Bowman's capsule , basement border and brush
border of proximal convoluted tubules and the border of proximal convoluted tubules and the
basement border only of the distal convoluted tubules = basement border only of the distal convoluted tubules.
G2: Mild positive reaction of the outer border of the

Bowman's capsule . Negative reaction of the distorted

proximal convoluted and distal convoluted tubules
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Fig. (5) : photomicrographs of the renal cortical tissues of the rats stained with periodic acid Schiff showing the
renal tubules of :

G1: Moderate positive reaction of basement
border and brush border of proximal
convoluted tubules and only the basement
border of the distal convoluted tubules.

G2: Negative reaction of basement border and
brush border of proximal convoluted tubules

These results are in agreement with many studies
[26]which mentioned the role of lipids in progressive
renal diseases.

In this study, microscopic examination of renal tissue
of the rats fed with SFD and olive oil for 10 weeks
showed improvement of the renal tissues as less
widening of the Bowman's capsules, no intertubular
haemorrhage and regeneration of most cells of
proximal and distal convoluted tubules. These results
coincided many studies; one study reported a
connection between better health and consumption of
olive oil. It had been also reported in another study
that olive oil with fish oil supplement leads to a
decrease in the oxidative changes in low-density
lipoprotein cholesterol [26, 27].

The intake of olive oil reduces the incidence of
cardiovascular diseases, as it is the best source of
mono-unsaturated fatty acids [28].

Another study depicted that the consumption of two
tablespoons of olive oil, for six weeks, significantly
lowered the concentration of LDL cholesterol [29].
Low-density lipoprotein oxidation seems to have an
important effect on atherogenesis [30].

CONCLUSION

From this study, it is concluded that olive oil
ameliorates the renal tissue from the changes induced
by hyperlipidaemia. So, it is recommended the

ISSN (Online) 2249-6084 (Print) 2250-1029
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and only the basement border of the distal
convoluted tubules

G3: Mild positive reaction of basement and
brush borders of proximal convoluted tubules
and the basement border only of the distal
convoluted tubules. PAS: scale bar = 200 um

substitution of dietary lipids with olive oil in daily
consumption in the diets.

REFERENCES

[1] Bagchi, D.; Bagchi, M.; Stohs, S.J.; etal. (2002):
Cellular protection with proanthocyanidins
derived from grape seeds. Annals of the
NewYork Academy Sciences, vol. 957: 260-
270.

[2] Wu, J.H; Wang, Q.H.; Li, F; etal.(2012):
Suppression of diet induced
hypercholesterolemia by turtle jelly, a
traditional Chinese functional food, in rats.
Evidence- Based Complementary and
Alternative Medicine, vol. 3(1): 1- 15.

[3] Auti, S.S.; Thakar,A. B.; Shukla,V. J;
Ravishankar, B.(2013): Assessment of
Lekhana Basti in the management of
hyperlipidemia. Clinical Research, AYU
Journal, vol. 34(4): 339-345.

[4] Thongoun, P.; Pavadhgul ,P.; Bumrungpert, A,;
etal. (2013): Effect of oat consumption on
lipid profiles in hypercholesterolemic adults.
Journal of the medical association of Thailand,
vol. 96(5): 25-32.

[5] Jacobson,T. A, Miller , M. and Schaefer, E.].
(2007): Hypertriglyceridemia and
cardiovascular risk reduction. Clinical.
Chemistry, vol. 29: 763-777

wWww.eijppr.com

41



International Journal of Pharmaceutical and Phytopharmacological Research (elJPPR) | August 2017 | Volume 7 | Issue 4 | Page 34-42
Laila M. Aboul-Mahasen., The Ameliorative Effect of Olive Oil in The Biochemical And Histopathological Changes of The Rat Kidney Induced By
Hyperlipidemia

[6] Health Statistical Year book. (2012): Kingdom
of Saudi Arabia, Ministry of health, Statistics
Directorate. Access. December 10 from
ttp://www.moh.gov.sa /Ministry/Statistic
/book.

[7] WHO ( 2015 ) : http://www.who.int/media
centre/factsheets/fs310/en/.

[8] Muntner, PM; coresh, J; Klag, MJ]; Smith, J.
(1988): Lipid and incipient hypercreatinemia:
a prospective association. ] Am Soc Nephrol:
9:617.

[9] Jespersen, L.; Jakobsen, M.U.; Hasseldam, H.;
Marckmann, P., (2001) : The effect of dietary
oils on blood lipids and the risk of ischemic
heart disease with special emphasis on olive
oils. Ugeskr Laeger., 163, 4736-4740.

[10] Hasan, S. N., Singh, D., Siddiquil, S.S. etal.
(2013): Effect of olive oil on lipid profile in
hyperlipidemic pateients. Original Research.
Natl ] Med Res. 2013; 3(4): 312-314.

[11] Perez-Guisado, J; Munoz-Serrano, A,;
Alonso-Moraga, A. (2008):  Spanish
Ketogenic Mediterranean Diet, a healthy
cardiovascular diet for weight loss. Nutr. ],
26,30-31.

[12] Kaseb, F.and Biregani, A,N. (2016) : Effects
of Olive Oil and Grape Seed Oil on Lipid
Profile and Blood Pressure inPatients with
Hyperlipidemia: A Randomized Clinical Trial
Food and Nutrition Sciences, 7, 682-688.

[13] Visioli, F. and Galli, C. (1998): The effect of
minor constituents of olive oil on
cardiovascular disease: New findings. Nutr.
Rev., 56: 142-147.

[14] Lavelli, V. (2002) : Comparison of the
antioxidant activities of extra virgin olive
oils. ]. Agric. Food Chem., 50: 7704-7708.

[15] Visioli, F. and Galli,C. (2002): Biological
properties of olive oil phytochemicals.
Critical Rev. Food Sci. Nutr., 42: 209-221.

[16] Massaro, M. and Caterina, R.D. (2002) :
Vasculoprotective effects of oleic acid:
Epidemiological background and direct
vascular anti- atherogenic properties.
Nutr.Metab. Cardiovascular Dis., 12: 42-51.

[17] Bonanome, A.; A. Pagnan, S.; Biffanti, A.; etal.
(1992): Effect of dietary monounsaturated
and polyunsaturated fatty acids on the
susceptibility of plasma low density
lipoproteins to oxidative modification.
Arteriosclerosis Thrombosis, 12: 529- 533.

[18] Stark, A.H.and Z. Mader,( 2002) : Olive oil as
a functional food: Epidemiology and
nutritional approaches. Nutr. Rev., 60: 170-
176.

[19] Woods, SC; Seeley, R]; Rushing, PA;
D’Alessio, D; Tso, P. (2003): Controlled High-
fat Diet Induces an Obese Syndrome in Rats.
The American Society for Nutritional Sciences
J. Nutr., 133: 1081-1087

f )‘ “.\,
-

ISSN (Online) 2249-6084 (Print) 2250-1029 —

[20] Bouchefra, A. and Idouj,T. (2012)
Nutritional effect of virgin olive oil on growth
performance, plasma lipids and endogenous
microflora of wistar rats. Techniol
Laboratoire, 7: 1-7

[21] Bancroft, J.D. and Gamble, M.(2008)
Hematoxlyin and eosin, connective tissue and
stain, carbohydrates, Ch. 9,10,11, In: Theory
and practice in histological techniques. 6th ed.
Edinburgh: Churchill-Livingstone; pp. 121-
186

[22] Altunkaynak, M.E., Ozbek, E., Altunkaynak,
B.Z., etal. (2008): The effects of high-fat diet
on the renal structure and morphometric
parametric of kidneys in rats. J. Anat.212, 845
- 852

[23] Lu, L., PuX., Wang , Y. and Xu,N. (2010) :
Impaired plasma lipid profiles in acute
hepatitis .Lipids in Health and Disease, 9:5.

[24] Madigan, C., Ryan, M., Owens, D., etal
(2000): Dietary Unsaturated Fatty Acids in
Type 2 Diabetes: Higher Levels of
Postprandial Lipoprotein on a Linoleic Acid-
Rich Sunflower Oil Diet Compared with an
Oleic Acid-Rich Olive Oil Diet. Diabetes Care,
23,1472-1477.

[25] Covas, M.L. (2008): Bioactive Effects of Olive
0Oil Phenolic Compounds in Humans:
Reduction of Heart Disease Factors and
Oxidative Damage. Inflammopharmacology,
16,216-218.

[26] Abrass, CK. (2004): Cellular lipid
metabolism and the role of lipids in
progressive renal disease. Am ] Nephrol.; 24:
46-53.

[27] Ramirez-Tortosa M.C.; Suarez, A.; Gomez,
MC; etal. (1999) :Effects of olive oil in
hyperlipidemic patients. Clin Nutr;
18(3):167-74.

[28] Covas, M.I. ( 2007) : Olive oil and the
cardiovascular system. Pharmacl. Res., 2007,
55,175-186.

[29] Haban, P.; Klvanova, ].; Zidekova, E,;
Nagyova, A. (2004): Dietary supplementation
with olive oil leads to improved lipoprotein
spectrum and lower n-6 PUFAs in elderly
subjects. Med. Sci. Monit., 10, 149-154.

[30] Lapointe, A.; Couillard, C.;Lemieux, S. ( 2006)
:Effects of dietary factors on oxidation of low-
density lipoprotein particles. ]. Nutr.
Biochem., 17, 645-658

Www.eijppr.com

42



