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ABSTRACT 

 
The present study was designed to investigate the impact of high cholesterol 

diet on serum lipid profile and renal cortical structure in male albino rats. In addition, 
the possible effect of shark liver oil in reducing hypercholesterolemia induced renal 
cortical structural changes was studied in correlation with serum lipid profile. 

Results indicated that the highest decrease in rat serum triglycerides, total 
cholesterol, LDL-cholesterol and VLDL-cholesterol were in group feeding on 20% 
shark liver oil for 30 days of treatment (28.20, 23.60, 50.34 and 28.20%, respectively).  
On the other hand, the data showed that the highest increase in rat serum HDL-
cholesterol was in 20% shark oil feeding group (72.47%). 

Hypercholesterolemia induced prominent podocyte injury characterized by 
densely stained nuclei, vacuolated cytoplasm. Some renal corpuscles exhibited tuft 
attachment to Bowman's capsule. Tubular injury was also observed involving 
intracellular vacuoles and intensely stained nuclei. Also, partial loss of apical brush 
membrane and basal striation has been noticed in tubular epithelial cells. Shark liver 
oil dietary supplement noticeably corrected the changes in serum lipid profile and 
reduced hypercholesterolemia associated renal cortical damage to become 
comparable with that of the control. 

Also, shark liver oil could be considered as an excellent source of omega-3-
fatty acids, squalene and other natural antioxidants which could be used as a good 
treatment for reducing hypercholesterolemia in serum lipids. 
These observations highlight the beneficial effect of shark liver oil, as a health 
supplement, in ameliorating the renal injury associated with hypercholesterolemia. 
These effects might be attributed to the antioxidant and hypolipidemic effects of shark 
liver oil.    
Keywords: Shark oil, Hypercholesterolemia, Renal Cortical and Triglycerides 
 

INTRODUCTION 

 
The fish oils, constitute an important source of omega-3-

polyunsaturated fatty acids (PUFA).  The omega-3 (PUFA) provides several 
benefits to the human health; they are essential for the development and 
function of certain organs and for several biochemical and physiological 
responses of the organism (Meyer et al., 1999). 

The consumption of omega-3 (PUFA) prevents the appearance of 
cardiovascular diseases, due to the hypolipidemic (Harper and Jacobson, 
2001) and antithrombotic (Knapp, 1997) property of these fatty acids. 
         Hypercholesterolemia, recognized as contributing to atherosclerosis, is 
also considered as an independent risk factor for renal injury (Oda & Keane, 
1999). Numerous studies have shown that elevated plasma cholesterol can 
exacerbate renal disease (Vazquez-Perez, et al., 2001). 
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          Several previous studies have concerned with the effect of 
hypercholesterolemia on renal tissue for long periods with the end result of 
focal glomerulosclerosis and proteinuria that progress rapidly to renal failure 
(Deepa & Varalakshmi, 2006). However, there is little information about the 
early effect of hypercholesterolemia on renal injury (Joles, et al., 2000). 
          Shark liver oil, as a health supplement, has been suggested to be used 
in the treatment of infectious diseases (Szostak & Szostak-Wegierek, 2006) 
and in cancer therapy (Hajimoradi, et al., 2009). Shark liver oil is considered 
the richest source of squalene which has been reported to be hypolipidemic 
(Kelly, 1999) and anticarcinogenic (Reddy & Couvreur, 2009), in addition to 
its antioxidant and membrane stabilizing properties (Ko, et al., 2002). No 
available information has been obtained regarding the effect of shark liver oil 
on hypercholesterolemia-induced renal damage. 
           Therefore, the aim of the present work was to investigate the effect of 
a short term high cholesterol diet  (for 10 days) on serum lipid profile and 
structure of the renal cortex of adult male albino rats and to evaluate the 
possible preventive effect of dietary supplement with shark liver oil in two 
different concentrations against the hypercholesterolemia-induced deleterious 
effects. 

 
MATERIALS AND METHODS 

 
Materials 
1- Shark liver oil was obtained from Aden Gulf, Yemen. 
2- Basal diet: Normal diet provided from animal house of Faculty of Medicine, 

Assiut University. 
3- Rich Cholesterol diet contain basal diet + 1 g Brain (gavage) 
Animals: 

Adult male albino rats weighing 200-250 gm, were obtained from the 
experimental animal house of Faculty of Medicine, Assiut University, Assiut, 
Egypt. 
 
Methods: 
Biological evaluation: 
1- Experimental design: 

Forty male albino rats were isolated in clean properly ventilated cages 
under normal conditions with an appropriate temperature with free access of 
water.  Rats were divided into two groups according to the following scheme: 
G1: Rats fed on basal diet (negative control) for forty days (n= 10). 
G2: Rats fed on a hypercholesterolemia diet for ten days (n= 30). 
         Then, the second group was subdivided into three subgroups (n= 10). 
G2a: Rats fed on a hypercholesterolemia diet, then fed on basal diet to the 

end of experiment. (positive control). 
G2b: Rats fed on a hypercholesterolemia diet, then fed on basal diet + 10% 

shark liver oil to the end of experiment. 
G2c: Rats fed on a hypercholesterolemia diet, then fed on basal diet + 20% 

shark liver oil to the end of experiment. 
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At the end of the experiment, blood samples were collected from the 
animals of different groups studied.  Then, animals were sacrificed and tissue 
specimens were taken from the right kidney and processed for histological 
examination of the renal cortex. 
2- Biochemcial Examination  

Total cholesterol concentration was measured according to Allain et al. 
(1974) using commercially available kits (cholesterol C-test, ELITECH 
diagnostics, French). 

HDL cholesterol concentration was measured according to Lopes-
Virella et al. (1977) using commercially available kits (HDL-cholesterol test, 
ELITECH diagnostics, French). 

Triglyceride concentrations were measured colorimetrically at 
wavelength 546 nm with commercially available kits (Triglycerides-test, 
ELITECH diagnostics, French), according to Bucolo and David (1973). 

The concentration of LDL cholesterol was calculated as the equation of 
Friedewald et al. (1972) as follows: 

LDL-cholesterol = [Total chol. – HDL-chol. – TG/5]. 
The quotient TG/5 are used as a measure of VLDL-cholesterol 

concentration.  The TG: VLDL-cholesterol ratio is constant at about 5:1 
(Friedewald et al., 1972). 
3- Histological Examination:  
1- Tissue specimens were fixed in 10%  neutral formalin and processed for 

Harris Haematoxylin and Eosin (H&E) stain for general histological 
examination according to Drury and Wallington (1980). 

2- Tissue specimens were fixed in 4% gluteraldehyde, post fixed in osmium 
tetroxide, processed and embedded in epon. Semithin sections (0.5 µm 
or 1 µm) were stained with toluidine blue (Gupta, 1983) and examined by 
light microscope. 

 

RESULTS AND DISCUSSION 
 

The data presented in Tables (1-5) show the effect of adding shark 
liver oil in different levels to rat diets on serum lipids. 

Table (1) showed that the highest decrease in rat serum triglycerides 
was in group feeding on 20% shark oil for 30 days of treatment (25.38%).  
Such finding are in agreement with Ruiz-Gutierrez et al. (1999) who reported 
that the decrement in rat serum triglycrides may have been due to inhibition 

of hepatic triacylglycerol synthesis, and stimulation of hepatic peroxisomal -
oxidation. 

Data presented in Table (2) showed that the highest decrease in rat 
serum total cholesterol was in group 2c which treated with 20% shark oil 
(21.82%); whereas lowest decrease was in group 2b feeding on 10% shark 
oil. 

Such trend are in agreement with Hirose et al. (1991) who found that 
sesamin lowered both serum and liver cholesterol levels by inhibiting 
absorption and synthesis of cholesterol simultaneously. Whereas there is a 
decrease in lymphatic absorption of cholesterol accompanying an increase in 
fecal excretion of neutral, but not acidic, steroids, particularly when the 
cholesterol-enriched diet is given. 
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The beneficial effect of shark liver  oil in reducing serum total 
cholesterol level, which obviously appear in this investigation make this 
component having importance in hypercholesterolemia diet therapy. 

Tabulated data in Table (3) showed that the highest increase in rat 
serum HDL-cholesterol was in 20% shark oil group followed by 10% shark oil 
group (55.93% and 35.13%, respectively). 

Adverse trend of rat serum HDL-cholesterol level shown in LDL-
cholesterol level, whereas data in Table (4) showed that the highest decrease 
in rat serum LDL-cholesterol was in 20% shark oil group subsequently 10% 
shark oil group (47.47% and 40.42%, respectively). 

The trend of serum VLDL-cholesterol level in rat during experimental 
period is shown in Table (5).  These results recorded the same trend with 
serum triglyceride trend, which previously discussed.  Specially it assumes, 
first, that virtually all of the plasma triglyceride is carried on VLDL, and 
second, that the (triglyceride : cholesterol) ratio of VLDL is constant at about 
5:1 (Friedewald et al., 1972). 

Such findings are in agreement with Kushiro et al. (2002) who found 
that dietary lignans not only decrease triacylglycerol synthesis but also 
decrease secretion of this lipid molecule as VLDL resulting in un alteration of 
hepatic triacylglycerol content. 

In conclusion, shark liver oils is an excellent sources of omega-3-fatty 

acids and squalene.  Also, the presence of -tocopherols and carotenes 
prove their exceptional nutritional characteristic for human food as well as for 
feed. 

Nutritional-wise, shark liver oil could be developed into an important 
source of several value-added biologic active compounds.  Also, it could be 
considered as a good treatment for decreasing serum total cholesterol, LDL-
cholesterol, VLDL-cholesterol and triglycerides, as well as increasing HDL-
cholesterol level in rats. 
 
Table (1): Effect of adding shark liver oil on rat serum triglyceride. 

 
Treatments* 

After 
depletion 

period 

After 
hyprcholesterolemic 

period 

During 
repletion 

period 

 

Reduction 
% 

G 1 132.16 -- 134.00 -- 

G 2a 132.16 206.42 198.60 3.78 

G 2b 132.16 206.42 162.82 18.03 

G 2c 132.16 206.42 148.20 25.38 
*  G1: negative control      G2a: Positive control 
   G2b: Fed on 10% shark liver oil.     G2c: Fed on 20% shark liver oil. 

 
Table (2): Effect of adding shark liver oil on rat serum total cholesterol. 

Treatments* 
After 

depletion 
period 

After 
hyprcholesterolemic 

period 

During 
repletion 

period 

Reduction 
% 

G 1 120.80 --- 122.00 -- 

G 2a 120.80 162.30 158.60 2.28 

G 2b 120.80 162.30 126.70 20.11 

G 2c 120.80 162.30 124.00 21.82 
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Table (3): Effect of adding shark liver oil on rat serum HDL-cholesterol. 

Treatments* 
After 

depletion 
period 

After 
hyprcholesterolemic 

period 

During 
repletion 

period 

Increase 
% 

G 1 35.20 -- 37.41 -- 

G 2a 35.20 27.90 30.86 10.61 

G 2b 35.20 27.90 41.70 35.13 

G 2c 35.20 27.90 48.12 55.93 

 
Table (4): Effect of adding shark liver oil on rat serum LDL-cholesterol. 

Treatments* 
After 

depletion 
period 

After 
hyprcholesterolemic 

period 

During 
repletion 

period 

Reduction 
% 

G 1 59.17 -- 57.79 -- 

G 2a 59.17 93.12 88.02 5.48 

G 2b 59.17 93.12 52.44 40.42 

G 2c 59.17 93.12 46.24 47.47 

 
Table (5): Effect of adding shark liver oil on rat serum VLDL-

cholesterol. 

Treatments* 
After 

depletion 
period 

After 
hyprcholesterolemic 

period 

During 
repletion 

period 

Reduction 
% 

G 1 26.43 -- 26.80 -- 

G 2a 26.43 41.28 39.72 3.78 

G 2b 26.43 41.28 32.56 18.03 

G 2c 26.43 41.28 29.64 25.38 
*  G1: negative control      G2a: Positive control 
   G2b: Fed on 10% shark liver oil.     G2c: Fed on 20% shark liver oil. 

 
General histological examination: 

In control animals (Group I), the renal cortex is characterized by the 
presence of renal corpuscles, proximal convoluted tubules (PCT) and distal 
convoluted tubules (DCT).Each renal corpuscle consists of a glomerular 
capillary tuft surrounded by capsular space and Bowman's capsule. The PCT 
is lined by a high cuboidal epithelium with deeply stained acidophilic 
cytoplasm and rounded nuclei. The DCT is lined by low cuboidal cells with 
pale acidophilic cytoplasm and rounded nuclei. The DCT exhibits a wider 
lumen than that of PCT (Fig.1). In semithin sections; the glomerular 
capillaries are defined by the prominent glomerular basement membrane. 
Podocytes invest the capillary loops and have pale nuclei and extensive 
branching pale stained cytoplasm. The pariet al. layer of Bowman's capsule 
is lined by simple squamous epithelium. The mesangial cells are identifiable 
by their densely stained nuclei and surrounding deeply stained mesangium 
(Fig. 2). The cells lining the PCT have apical brush border and well defined 
basal striations. Their nuclei are central and pale with prominent nucleoli. The 
cells of DCT have no apical brush border and their nuclei appear apical in 
position (Fig. 3).   
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The renal cortices of non treated high cholesterol diet-fed animals 
(Group IIa) exhibit structural changes mainly involving the renal corpuscles 
with some affection of PCT & DCT. Many renal corpuscles show attachment 
of the glomerular tufts to Bowman's capsule with a noticeable reduction of the 
urinary space. Both PCT & DCT show numerous intracellular vacuoles. Some 
exfoliated cells are observed in the lumen of some renal tubules (Fig. 4). In 
semithin sections, many podocytes have intensely stained nuclei and 
vacuolated cytoplasm. Mesangial cells and their matrix appear relatively 
unchanged (Fig. 5). Some nuclei of the tubular epithelial cells appear 
intensely stained. Many PCTs show partial loss of their apical brush 
membranes and basal striations (Fig. 6). 

In the renal cortex of 10% shark oil treated high cholesterol diet-fed 
animals (Group IIb), most renal corpuscles show absence of adhesions 
between the glomerular capillary tufts and Bowman's capsule. Less vacuoles 
are observed in the cytoplasm of tubular epithelial cells with fewer exfoliated 
cells in the lumen of PCT & DCT in comparison with those of the renal cortex 
of group IIa animals (Fig. 7). In semithin sections, most podocytes exhibit 
pale stained nuclei with no vacuoles in their cytoplasm (Fig. 8). The renal 
tubules show better structural preservation compared with those of group IIa 
animals. Most of their tubular cells have pale stained nuclei. The integrity of 
apical brush border is more preserved in many PCTs (Fig. 9). 

In the renal cortex of 20% shark oil treated high cholesterol diet-fed 
animals (Group IIc), most renal corpuscles and tubules appear relatively 
normal with a more or less similar structure to that of control animals (Fig. 
10).Examination of the renal cortex of group IIc animals show a relatively 
normal appearance of the podocytes of most renal corpuscles (Fig. 11). Few 
tubular epithelial cells show vacuoles in their cytoplasm. The integrity of 
apical brush borders and basal striations are more preserved in most PCTs 
(Fig.12). 

The results of the present work demonstrated the deleterious effects of 
short-term high cholesterol diet feeding (for 10 days) on rat serum lipid profile 
and renal cortical structure. 
The structural renal damage primarily involved the renal corpuscles which 
revealed densely stained nuclei and vacuolated cytoplasm of many 
podocytes. The podocyte injury observed in the present work was in 
accordance with the work of Attia, et al. (2004), who studied the effect of 
hypercholesterolemia inducing diet in rats. However, in hyperlipidemic Apo E 
null mice (an experimental model for spontaneous hyperlipidemia) podocytes 
showed normal electron microscopic structure (Bruneval, et al., 2002). This 
controversy may be due to different rodent models used in these studies. 
Podocyte injury would progress to detachment of podocyte from the 
glomerular basement membrane (Kriz, et al., 1998) and thus could explain 
the attachment of glomerular tufts to the Bowman's capsule (Shirato, et al., 
1996).  

Similarly, glomerular tuft adhesion to the Bowman's capsule was 
observed in rabbits fed hypercholesterolemia inducing diet for 12 weeks 
(Vazquez-Perez, et al., 2001). 
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Fig. 1: A photomicrograph of the renal cortex of a control rat. The renal 

corpuscle shows the glomerulus (G) with its capillary tufts surrounded 
by capsular space and Bowman's capsule (arrow). The epithelium of 
PCT is lined by high cuboidal cells with intensely stained acidophilic 
and rounded nuclei (P). The DCT is lined by low cuboidal cells with pale 
stained cytoplasm and rounded nuclei (D).( H&E x400) 

Fig.2: A photomicrograph of the renal cortex of a control rat showing a part of a 
renal corpuscle. Glomerular capillaries are defined by the prominent 
glomerular basement membrane. Podocytes (P) have extensive 
branching pale stained cytoplasm & pale stained nuclei. Note the 
mesangial cells (M) and the squamous cells of Bowman's capsule 
(arrow) (Toluidine blue   x1000) 

Fig.3: Another photomicrograph of the renal cortex of a control rat. The cells of 
PCT (P) have apical brush border & well formed basal striations. Their 
nuclei are central and pale with prominent nucleoli. The DCT (D) 
exhibits a wider lumen with pale apical nuclei and no brush border in 
their lining cells.   (Toluidine blue   x1000) 



Seleim, Magda A. A. and Amel M. M. Abdel-Hafez   

 822 

 
Fig. 4: A photomicrograph of the renal cortex of a non treated high cholesterol 

diet-fed rat. Notice the attachment of glomerular capillary tufts to 
Bowman's capsule (arrow) with a noticeable reduction of the capsular 
space. Numerous intracellular vacuoles can be noticed in many of the 
tubular cells involving both PCT &DCT (asterisk). ( H&E   x400) 

Fig. 5: A photomicrograph of the renal cortex of a non treated high cholesterol 
diet-fed rat. Many podocytes have intensely stained nuclei and 
vacuolated cytoplasm (P). Mesangial cells (M) and their matrix appear 
relatively unchanged. (Toluidine blue   x1000) 

Fig. 6: Another photomicrograph of the renal cortex of a non treated high 
cholesterol diet-fed rat. Some tubular cells have intensely stained 
nuclei (arrow). Notice the partial loss of apical brush border and basal 
striation of PCTs. (Toluidine blue   x1000) 
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Fig. 7: A photomicrograph of the renal cortex of a 10% shark oil treated high 

cholesterol diet-fed rat. No adhesion can be observed between the 
glomerular capillary tufts and Bowman's capsule. Less vacuoles are 
noticed in the tubular cells of PCT &DCT compared to those of non 
treated high cholesterol diet-fed rats. Few exfoliated cells are seen in 
the lumen of some renal tubules. ( H&E   x400) 

Fig. 8: A photomicrograph of the renal cortex of a 10% shark oil treated high 
cholesterol diet-fed rat. Podocytes (P) exhibit pale stained nuclei with 
no vacuoles in their cytoplasm. (Toluidine blue   x1000)                                                                                                                                                                                                                                          

Fig. 9: Another photomicrograph of the renal cortex of a 10% shark oil treated 
high cholesterol diet-fed rat showing pale stained nuclei of tubular 
epithelial cells. Notice the more preservation of the apical brush border 
of PCTs. (Toluidine blue   x1000) 
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Fig. 10: A photomicrograph of the renal cortex of a 20% shark oil treated high 

cholesterol diet-fed rat. The renal corpuscle and tubules appear 
relatively normal. ( H&E   x400) 

Fig. 11: A photomicrograph of the renal cortex of a 20% shark oil treated high 
cholesterol diet-fed rat showing the relatively normal appearance of 
glomerular podocytes. (Toluidine blue x1000) 

Fig. 12: Another photomicrograph of the renal cortex of a 20% shark oil treated 
high cholesterol diet-fed rat showing vacuoles (v) in the cytoplasm of 
few tubular epithelial cells with more preservation of the apical brush 
border and basal striations of most proximal tubular cells. (Toluidine 
blue   x1000) 
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Regarding the renal tubules, variable degrees of damage have been 
observed in the renal cortex of HCD fed rats. These include intracellular 
vacuoles, intensely stained nuclei, partial loss of apical brush membrane in 
proximal convoluted tubules (PCT) and loss of basal striation in both PCT 
and distal convoluted tubules (DCT). This was in agreement with Bobulescu, 
et al. (2008) who studied the effect of renal lipid accumulation on rat proximal 
tubular cells. It has been reported that renal tubular damage may occur 
primarily by lipemic oxidative injury and cellular dysfunction (Sudhahar, et al., 
2008). Also, renal tubular damage has also been suggested to be secondary 
to hypercholesterolemia-induced glomerular damage and proteinuria leading 
to tubular luminal obstruction by protein casts (Rasch, et al., 2002).  

Shark liver oil has been administered orally in this work to HCD fed rats 
in two different concentrations (10% & 20%) for one month. It revealed a 
noticeable reduction of hypercholesterolemia-induced renal structural 
changes in most renal corpuscles and tubules with the restoration of serum 
lipid profile to normal values. The use of the low concentration (10% shark 
liver oil) showed substantially low renal damage, whereas nearly normal renal 
architecture was observed following the use of the high concentration (20% 
shark liver oil). These results indicate a cytoprotective effect of shark liver oil 
against hypercholesterolemia-induced renal damage which is most probably 
mediated through its antioxidant properties and hypolipidemic effect. This 
effect of shark liver oil may be attributed to its great content of squalene 
(Vazquez-Perez, et al., 2001). Squalene is suggested to have cholesterol 
lowering effect and an antioxidant effect (Farvin, et al., 2004).  
In conclusion, shark liver oil administration effectively restored most of high 
cholesterol diet-induced deleterious effects suggesting that this medicinal 
supplement can play a therapeutic role against both disturbed serum lipid 
profile and renal cortical damage associated with dietary 
hypercholesterolemia. The effect was better with 20% than 10% shark liver oil 
administration. The possible prophylactic effect of shark liver oil supplement 
with high cholesterol diet feeding for longer duration remains to be elucidated.      
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تأثير استخدام زيت كبدد احود ت  دص تحدويت احت ييدر احود دش  دص كلدرا احكجدص اح د ت  

 احك حيستير ل  ص احدم حذك ر احفئران األحبي   عن زي دا  سبة
 أمل مرز ق مومد عبد احو  ظ**  م جدا عبد احوميد أومد سجيم* 

 ج معة أسي ط  -كجية احزراعة -كسم عج م  تك  ح جي  األغذية   *
 ج معة أسي ط -كجية احطب –كسم احهيست ح جص  **

 

 

خدام الوجبات الغذائية ذات المستوى المرتفع  معا اللوليسعتيرو  أجريت هذه الدراسة لتوضيح تأثير است
على ليبيدات الدم فى ذلور الفئراا األلبينو وتعأثير ذلعع علعى ترليعي خايعا الللعىا باإضعافة يلعى تعأثير اسعتخدام 

 زيت لبد الحوت فى خفض ليبيدات الدم المسبي للتدهور فى خايا الللىا
يعوم فعى تغذيعة الفئعراا أدى  02لفترة  %02يت لبد الحوت بترليز وقد أوضحت النتائج أا استخدام ز

يلععى انخفععاض واضععح فععى ترليععز لعع  مععا الجلسععريدات الثاثيععة واللوليسععتيرو  الللععى واللوليسععتيرو  مععنخفض 
 اللثافة,بينما حدث زيادة واضحة فى اللوليستيرو  مرتف  اللثافةا

وما جهة أخرى وجد أا الزيادة فى لوليستيرو  الدم أدى يلعى ياعابة واضعحة فعى خايعا قلعرة الللعى 
التععت تميععزت بزيععادة ااععوبا  ادنويععة وحععدوث فجععوات بالسععيتوبازم ولععذلع وجععد أا ب ععض الجسععيمات الللويععة 

ات داخع  الخايعا أوضحت التااق الخا  لمحفظة باومااا لما لوحظ ياابة األنابيعي التعت العتملت علعى فجعو
 باإضافة يلى فقد جزئت للسوح ال لوي والتخويوات السفلية للخايا الوائية المبونة لألنابيي الللويةا

بصفة عامة نجد أن استخددا  يتتك دبتد ات تدك أدى تتتي خ ستتن مستخدى تتبتتداك اتتد  ددت ت  خصت ت  
 بتعي. اتخغتتر ات ادث في خردتب قشرة اتدلي تخصب  مقاربة تلخردتب اتط
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