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Abstract:  Eighty adult albino rats were used in Present study to access the correlation between the
administration  of  corn  oil,  truffle  oil or  wheat  germ  oil  beside  fatty  acid  synthesis  enzymes and serum
lipid  profile.  Significant  increase  in  the  level  of  total  lipids,  triacylglycerol  (TAG),   cholesterol,   low
density  lipoprotein (LDL-c)  with  decrease  in  the  level  of  high  density   lipoprotein   (HDL-c)   in  the
groups  treated  with  corn  oil.  Where,  truffle  oil  and  wheat  germ  oil  showed  significant  increase  in  the
level  of  HDL-c.  Significant  decrease  in  the  level  of  Acetyl-coA-carboxylase  (ACC),  Citrate cleavage
enzyme  (CCE),  Malic  dehydrogenase  (ME)  and  Isocitrate  dehydrogenase  (ICDH)  with a significant
increase  in  the  enzymatic  activity  of 6-phosphogluconate dehydrogenase (6-PGDH) in hepatic tissues was
also detected. On the other hand, in peripheral adipose tissue, there were an increase in the enzymatic activities
of all lipogenic enzymes in the groups treated with corn oil with nearly no change in the groups treated with
truffle and wheat germ oil beside, a significant increase in the level of 6-PGDH only in the group treated with
germ oil. The result of the present study indicate that the use of these oils could be a valuable source for the
protection against coronary heart diseases and associated cardiovascular diseases (CVD) in animals and
human.
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INTRODUCTION starts with acetyl-CoA and builds up by the addition of

Hyperlipidemia is a major problem in animals and in the cytoplasm of adipose tissue and liver [2]. 
human. Animals feed with high  grain  diets  increases Corn  oil  is extracted from the germ of corn (Maize).
lipid deposition with a predisposing high risk of It is generally used in animal, human food and industry.
Hyperlipidemia and cardiovascular diseases. Lipogenesis Mainly it s used in cooking and a key ingredient in some
is controlled by insulin, ACC enzyme and enzymes for margarine. Corn oil is also used in industry in soap, salve,
citrate shuttle. Those enzymes are responsible for exiting paint, rustproofing for metal surfaces, inks, textiles,
of Acetyl CoA form mitochondria to the cytoplasm with nitroglycerin and insecticides. It is also used as a carrier
other enzymes responsible for the formation of for drug molecules in pharmaceutical preparations [3, 4].
NADPH+H , which is needed for the reduction steps in Corn oil is composed of saturated fatty acids, 80%+

the process of fatty acid synthesis [1]. Generally, fatty palmetic acid (lipid number of C16:0), 14% stearic acid
acids synthesis, the process of triacylglycerol synthesis (C18:0)  and  3% arachidonic acid (C20:0), over 99% of the

two carbon units in the form of malonyl CoA, this occurs
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monounsaturated fatty acids are oleic acid (C18:1) while (Roland Co. New York) in a concentration of 10% and
98% of the polyunsaturated fatty acids are the omega-6
linoleic acid (C18:2 n-6) with the 2% remainder being the
omega-3 alpha-linolenic acid (C18:3 n-3) [5]. 

Omega-3 polyunsaturated fatty acids play major role
in brain development, prevention of different pathologies
and cardiovascular diseases. Excessive levels of omega-6
fatty  acids,  relative to omega-3 fatty acids, may increase
the probability of  a  number of diseases and depression
[6-8]. Modern diets typically have ratios of omega-6 to
omega-3 in excess of 10 to 1, or 30 to 1. Corn oil has an
omega-6 to omega-3 ratio of 49:1. The optimal ratio is
thought to be 4 to 1 or lower [9, 10]. A high intake of
omega-6 fatty acids may increase the likelihood of
developing breast cancer [11], prostate cancer [12].
Inverse association between total polyunsaturated fatty
acids and breast cancer risk has been detected [13].

Truffle oil is a modern culinary ingredient, used to
impart the flavor and aroma of truffles to food. Most
truffle oils are usually extracted with an olive oil [14].
Truffle oil is commonly used to make "truffle fries," which
feature French fries tossed in truffle oil, Parmesan cheese,
pepper and sometimes other ingredients. Some pasta
dishes and whipped dishes such as mashed potatoes or
deviled eggs incorporate truffle oil [15].

Wheat germ oil is extracted from the germ of the
wheat kernel, which makes up only 2.5% by weight of the
kernel. Wheat germ oil contain high level of octacosanol
which is an exercise and physical performance enhancing
agent. It also has been reported to lower plasma
cholesterol in humans [16]. Wheat germ oil is also very
high in vitamin E (255 mg/100g) and has the highest
content of vitamin E of any food that has not undergone
prior preparation or vitamin fortification. It has been
explored to be included in increasing blood flow and
reaction time. Further uses include treatment of certain
skin conditions such as scarring and inflammation [17]. 

It is reported to be the first experimental study on
truffle oil. Our study was designed to compare the
correlation between the corn oil, truffle oil or wheat germ
oil administration and fatty acid synthesis enzymes in
hepatic and peripheral adipose tissue with remarks to
serum lipid profile in rats. 

MATERIALS AND METHODS

Material: Several oil products have been used in our
study. C8267®-Corn oil (Sigma-Aldrich Co. Egypt) in
concentration  of   0.9   g/ml. Roland   Black  Truffle  Oil®

W1000®- Wheat germ oil (Sigma-Aldrich Co. Egypt) in
concentration of 0.93 g/ml. Oils were given to each
individual rat by gavages using stomach tube. 

Experimental Animals: Seventy male adult albino rats
(120-150 g) were obtained from the Laboratory Animal
house, Faculty of Veterinary Medicine, Zagazig
University, Egypt. The animals were kept in an
environmentally controlled room with clean hygienic metal
cages and maintained under a uniform laboratory
condition. All animals were under hygienic conditions,
given balanced ration and drinking water was allowed
ad.libitum throughout the experimental period. The study
complied with the Animal Welfare Act and was approved
by the Zagazig University’s Institutional Veterinary
Committee.

Experimental Design: Eighty adult albino rats were
divided into four groups and each one subdivided into 2
subgroups and acclimatized for 14 days before starting
the experiment. 

Group 1: (n=20), control group, rats were fed on clean
healthy food and water along the experimental period and
left under normal condition without any treatment. 

Group 2: (n=20), corn oil treated group, subdivided into
2 subgroups treated orally with corn oil (0.1 & 0.2 ml/ rat
respectively), daily for 4 weeks. 

Groups 3: (n=20), truffle oil treated group, subdivided into
2 subgroups treated orally with truffle oil (0.1 & 0.2 ml/ rat
respectively), daily for 4 weeks. 

Groups 4: (n=20), wheat germ oil treated group,
subdivided into 2 subgroups treated orally with wheat
germ oil (0.1 & 0.2 ml/ rat respectively), daily for 4 weeks.

All rats were scarified after 4 weeks, the blood
samples and liver tissues were collected for further
analysis.

Blood   Sampling   and   Lipoprotein    Fractionation:
Two-three ml blood was collected after 4 weeks of the
experiment from the retro-orbital venous plexus of rats
under sterile septic condition. Blood was allowed to flow
smoothly   into  the tubes, left to clot for 2 hours at room
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temperature then centrifuged at 3000 rpm for 15 min. The Changes in Serum Total Lipids and Triglyceride Levels:
clear supernatant serum was collected using sterile Corn oil (0.1&0.2 ml/rat) and truffle oil (0.2 ml /rat) treated
Pasteur pipettes. The collected serum was transferred to groups showed a significant (P 0.05) increase in serum
dry, labeled eppendorf tubes for determination of lipid total lipids, meanwhile truffle and wheat germ oil (0.1ml
profile in serum. /rat) showed a significant (P =0.05) decrease when

Evaluation of Serum Lipid Profile: Serum total lipids was change in serum total lipids was observed in wheat germ
determined [18], triacylglycerol (TAG) [19], phospholipids oil (0.2 ml/rat) treated group (Table 1).
[20], total cholesterol [21], HDL-c [22] and LDL-c [23]. All
parameters were colorimetric measured using commercial Changes in  Serum  Phospholipids:  Corn  oil     (0.2
kits provided by Biomerieux, Egypt. All biochemical ml/rat) treated groups showed a significant (P 0.05)
analysis was done using spectrophotometer 5010 v5+, decrease in serum phospholipids, meanwhile truffle and
Berlin, Germany for biochemical serum analysis. wheat germ oil (0.1& 0.2ml /rat) showed a significant

Hepatic and Adipose Tissue Enzyme Assay: The livers There was a non significant change in serum
were immediately excised as well as peripheral adipose phospholipids was observed in corn oil (0.1 ml/rat) treated
tissues around the kidney (PRAT). Both tissues were group (Table 1). 
taken in ice and homogenized in a Mannitol-Tris-HCl
buffer (pH 7.4) [24] followed by centrifugation at 5000 Changes in Serum Total Cholesterol and Hdl-c: Corn oil
r.p.m. for 10 min. at 4 C and the supernatant was taken (0.2 ml/rat) treated groups showed a significant (P 0.05)
for verifying hepatic total lipids [18] and the enzymatic increase in serum total cholesterol, meanwhile truffle oil
activities of lipogenic enzymes (Acetyl-coA-carboxylase (0.1 ml/rat) and wheat germ oil (0.1& 0.2ml /rat) showed a
(ACC) [25], Citrate cleavage enzyme (CCE) [26], Malic significant (P 0.05) decrease when compared with control
dehydrogenase (ME) [27], Isocitrate dehydrogenase group. There was a non significant change in serum total
(ICDH)  [28]  and  6-phosphogluconate  dehydrogenase cholesterol was observed in corn oil (0.1 ml/rat) and truffle
(6-PGDH) activity. oil (0.2 ml/rat) treated group (Table 1).

Statistical Analysis: The obtained data were analyzed Changes in Serum Ldl-c:  Corn oil (0.2 ml/rat) treated
and graphically represented using the statistical package groups showed a significant (P=0.05) increase in serum
for social science (SPSS, 18.0 software, 2011) for obtaining LDL-c, meanwhile corn oil (0.1 ml/rat), truffle and wheat
means and standard error. Duncan’s test was used for germ oil (0.1& 0.2ml /rat) treated groups showed a non
making a multiple comparisons among the groups for significant change in serum LDL-c when compared with
testing the inter-grouping homogeneity [29]. control group (Table 1).

RESULTS Hepatic and Peripheral Adipose Tissue Enzymes: Hepatic

Hepatic Total Lipids: Corn oil (0.1&0.2 ml/rat) and truffle showed a significant (P 0.05) decrease in the level of
oil  (0.2  ml   /rat)   treated   groups   showed   a  significant Acetyl-coA-carboxylase (ACC), Citrate cleavage enzyme
(P 0.05) increase in hepatic total lipids, meanwhile truffle (CCE), Malic dehydrogenase (ME) and Isocitrate
oil (0.1 ml/rat) and wheat germ oil (0.1 &0.2 ml /rat) showed dehydrogenase (ICDH) enzymatic activities with a
a non significant change. significant increase in the enzymatic activity of 6-

Serum Lipids and Lipoproteins: Lipid profile showed a tissues. On the other hand, the results were controversial
significant (P 0.05) increase in the level of total lipids, in peripheral adipose tissue as there were an increase in
TAG, cholesterol, LDL-c with decrease in the level of the enzymatic activities of all lipogenic enzymes in the
HDL-c in the groups treated with corn oil, but the reverse groups treated with corn oil with nearly no change in the
founded by treatment with truffle oil and wheat germ oil groups treated with truffle and wheat germ oil with a
which have the greatest effect on lipid profile and increase significant increase in the level of 6-PGDH only in the
the levels of HDL-c. group treated with germ oil.

compared with control group. There was a non significant

(P 0.05) increase when compared with control group.

and peripheral adipose tissue enzymes (Table 2&3)

phosphogluconate dehydrogenase (6-PGDH) in hepatic
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Table 1: Means ± SE of hepatic lipids and serum lipids profile (Total lipids, TAG, Phospholipids, Total cholesterol, HDL-c and LDL-c) in rats following
4 weeks administration of corn oil, truffle oil and wheat germ oil. 

Corn oil Truffle oil Wheat germ oil
------------------------------- ------------------------------ -----------------------------

Control group 0.1 ml 0.2 ml 0.1 ml .2 ml 0.1 ml 0.2 ml LSD
Hepatic total lipids (mg/dl) 73.5 ±5.8 111.5±8.2 123.4±9.2 78.5±6.3 92.2±7.9 66.5±5.4 74.4±9.8 7.35de b a d c e d

Total lipids (mg/dl) 739.4±14.2 799.2±16.44 895±15.8 701.5±17.4 793.4±15.1 699.4±16.7 732.5±19.1 29.8c b a d b d c

TAG (mg/dl) 109.4± 7.8 136.5±9.8 147.3±11.2 81.4± 8.2 123.1±9.4 78.6± 11.2 107± 9.3 8.22d b a e c e d

Phospholipids (mg/dl) 96.4±7.8 89±9.7 75.4±8.3 113.6±11.2 115.4±9.9 123.4±12.8 115.5±11.2 7.88c c d b b a b

Total Cholesterol (mg/dl) 115.4±11.3 119.4±9.8 123.2±8.7 95.2±13.4 91.4±11.2 93.4±12.6 89.2±9.8 8.13b ab a c b c c

HDL-c (mg/dl) 52.6±3.2 47.3±2.9 45.5±3.8 62.3±4.6 53.4±5.3 64.4±4.7 59.2±5.1 5.81b bc c a b a a

LDL-c (mg/dl) 37.4± 2.5 42.9± 3.3 45.8±4.1 33.5± 3.9 35.4± 5.2 33.1±2.9 35.2±3.8 4.87bc ab a c c c c

* Means within the same rows carrying different superscripts are significant at (P 0.05).

Table 2: Acetyl-coA-carboxylase (ACC), Citrate cleavage enzyme (CCE), Malic dehydrogenase (ME), Isocitrate dehydrogenase (ICDH) and 6-
phosphogluconate dehydrogenase (6-PGDH) activities in hepatic tissues of rats following 4 weeks administration of corn oil, truffle oil and wheat
germ oil.

Corn oil Truffle oil Wheat germ oil
-------------------------- -------------------------- ------------------------

Control group 0.1 ml 0.2 ml 0.1 ml 0.2 ml .1 ml 0.2 ml LSD
ACC (nmol malonyl CoA/ min/ mg protein) 3.3 ± 0.09 1.9±0.1 1.6±0.2 1.4±0.2 1.1±0.08 1.3±0.09 0.99±0.07 0.29a b cd cd ef de f

CCE (nmol NAD  / min/ mg protein) 32.5± 1.98 21.8±4 20.6±2.9 16.6±3.1 14.2±2.9 16.8±3.9 11.5±3.9 2.38+ a bc c de e d f

ME (nmol NADPH/ min/ mg protein) 36.3± 3.6 30.2±4.1 24.2± 3.9 26.5± 5.2 23.3± 5.6 21.6± 4.8 19.2±3.9 3.16a b cd c d de e

ICDH (nmol NADPH/ min/ mg protein) 16.8±1.3 15.4 ±1.6 14.6±1.8 12.6±1.6 14.6±2.1 12.9±1.1 13.6±1.8 2.11a ab bc c bc c c

6-PGDH (nmol NADPH/ min/ mg protein) 96.3± 5.8 88.3± 6.1 81.5±4.8 121.5± 7.9 105.4± 8.2 136.6±11.2 115.4±6.9 5.42e f g b c a d

* Means within the same rows carrying different superscripts are significant at (P 0.05).

Table 3: (Acetyl-coA-carboxylase (ACC), Citrate cleavage enzyme (CCE), Malic dehydrogenase (ME), Isocitrate dehydrogenase (ICDH) and 6-
phosphogluconate dehydrogenase (6-PGDH) activities in peripheral adipose tissue of rats following 4 weeks administration of corn oil, truffle oil
and wheat germ oil.

Corn oil Truffle oil Wheat germ oil
-------------------------- -------------------------- ------------------------

Control group 0.1 ml 0.2 ml 0.1 ml 0.2 ml 0.1 ml 0.2 ml LSD
ACC (nmol malonyl CoA/ min/ mg protein) 6.1 ± 0.17 8.2±1.1 9.4±1.4 6.3±0.9 6.6±1.2 5.8±1.1 6.8±1.3 1.3c ab a c c c c

CCE (nmol NAD  / min/ mg protein) 533± 12.6 633±16.4 691±21.2 541±18.2 555±19.3 531±16.4 542±15.1 36.8+ c b a c c c c

ME (nmol NADPH/ min/ mg protein) 342± 9.4 405±11.2 455± 13.2 349± 13.6 362± 17.2 335± 15.2 346± 16.2 24.5cd b a cd c d cd

ICDH (nmol NADPH/ min/ mg protein) 63.6±4.2 71.5±6.1 82.4±5.5 68.9±4.9 73.4±7.2 51.2±6.1 66.2±5.1 8.7bc bc a bc b d bc

6-PGDH (nmol NADPH/ min/ mg protein) 64.8± 5.3 88.4± 6.2 94.3±6.3 91.5± 7.8 105.5± 8.3 93.4±7.4 111.4±6.9 12.4e cd bc cd ab bc a

* Means within the same rows carrying different superscripts are significant at (P 0.05).

Changes in Acetyl-coa-carboxylase (ACC), Citrate treated group (0.1 ml /rat) showed a non significant
Cleavage Enzyme (CCE) and Malic Dehydrogenase (ME): change (Table 2). Peripheral adipose tissue ME showed a
Corn oil, truffle oil and wheat germ oil treated groups significant (P 0.05) increase in corn oil treated group
showed a significant (P 0.05) decrease in hepatic ACC (0.2ml/rat) with a significant (P 0.05) decrease in wheat
activity comparing with control group (Table 2). Peripheral germ oil treated  group (0.1 ml/rat). Meanwhile, corn oil
adipose tissue ACC showed a significant (P 0.05) (0.1 ml/rat),  truffle  (0.1&0.2  ml /rat) and wheat germ oil
increase in corn oil (0.1 & 0.2 ml/rat) treated group, (0.2 ml/rat) treated group showed a non significant change
meanwhile truffle and wheat germ oil treated rats showed comparing with control group (Table 3). 
a non significant (P 0.05) change when compared with
control group (Table 3). Changes   in      6-phosphogluconate      Dehydrogenase

Changes in Isocitrate Dehydrogenase (ICDH): Corn oil (P 0.05) decrease in hepatic 6-PGDH activity, meanwhile
(0.2 ml /rat), truffle oil and wheat germ  oil  treated  groups truffle and wheat germ oil treated groups showed a
showed a significant  (P 0.05)  decrease  in   hepatic   ME significant (P 0.05) increase comparing with control
activity comparing with control group, meanwhile Corn oil (Table 2). Peripheral adipose tissue 6-PGDH showed a

(6-PGDH): Corn oil treated rats showed a significant
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significant (P=0.05) increase in corn, truffle and wheat wheat germ oil administration lowered TG level may be
germ oil treated rats when compared with control group due to an increase in membrane permeability and fluidity
(Table 3). causing decrease triglycerides, phospholipids and

DISCUSSION Liver plays an important role in the synthesis and net

Coronary heart diseases (CHD) and associated in the bile or after conversion into bile acid [40]. An
cardiovascular diseases (CVD) in animals and human are increase in serum cholesterol level in corn oil fed rats was
the most common cause of death all over the world reported. This may be due to increased uptake of
especially in developing countries [30]. Increasing intake exogenous cholesterol and subsequent deposition and
of total lipids, trans-fatty acids and saturated and decreased cholesterol catabolism as evidenced by a
polyunsaturated fatty acids leading to high incidence of reduction in bile acid production and turnover of bile
CHD [31]. We proposed that corn, truffle and wheat germ acids [41]. Understanding the mechanism of cholesterol
oil administration provide a protection against decreasing by truffle and wheat germ oil may be due to
Hyperlipidemia. the apo-E receptors responsible for hepatic uptake of

The present study showed an increase in the hepatic chylomicron remnants which are not subjected to
total lipids with hyperlipidemia in corn oil fed rats. Corn regulation [42]. Chylomicrons originating from truffle and
oil is responsible for Hyperlipidemia, increase of total wheat germ oil administration are therefore totally taken
lipids, triglycerides and low-density lipoprotein up by the liver. Thus it could be hypothesized that
cholesterol (LDL-c) along with a decrease in high-density accumulation of lipids by the liver in case of
lipoprotein cholesterol (HDL-c). Hyperlipidemia is the administration of these oils results from the massive
predictor of coronary artery disease, fatty liver disease uptake of lipids by the intestine and that lower or ayed
and carcinogenesis and is a predominant risk factor for intestinal absorption [43]. 
cardiovascular diseases (CVD) [32]. Decrease in hepatic Truffle and wheat germ oil are rich in mixtures of
total lipids was reported in truffle and wheat germ oil fed lipophilic volatile organic compounds and -linolenic acid
rats. Wheat germ oil improved the values of the hepatic [44&45]. These results in a higher cholesterol secretion
total lipid and returned these values to around that of the into bile and depletion of the intra-hepatic pool of
normal value, so it protects against the toxic influence of cholesterol, lead to an increase in cholesterol synthesis
profenofos on rat tissue lipids [33]. The present result and turnover [46]. Moreover, truffle and wheat germ oil
demonstrates that both truffle and wheat oils able to reduce hepatic lipid accumulation by stimulating â-
provide protection against many Hyperlipidemia related oxidation and suppressing fatty acid synthesis [47].
diseases. These mechanisms may account for the better regulation

Increasing the level of TGA and phospholipids in of hepatic lipid metabolism. Present results, however, do
corn oil fed rats may be due to the increased synthesis not exclude a possible effect of wheat germ oil on either
and release of LDL and VLDL from the liver into the biosynthesis or catabolism of liver lipids. The fact that the
circulation. Corn oil administration lead to an increase in total blood cholesterol was not modified in the rats
TGA and phospholipids level which may positively administered truffle and wheat germ oil. This is in
correlated with hepatic lipogenic enzyme activity. In accordance with the marked resistance of the rat to diet
addition, it decreases the activity of mitochondrial induced hypercholesterolemia [48]. The addition of 7%
carnitine palmitoyl transferase-1 (PTS-1), resulted in wheat germ to rat diet reduced VLDL cholesterol by 37.9%
impairment in fatty acid oxidation and lipid accumulation [43]. The inclusion is that wheat germ oil reduced plasma
in corn oil fed rats [34]. Truffle and wheat germ oil improve chylomicron cholesterol concentrations by 27.1% over
lipid metabolism [35]. They consider a valuable source of several hours in 6 normolipidemic subjects [49], so that
polyunsaturated fatty acids, including linoleic acid (ù-6) wheat germ oil may lower circulating cholesterol or at least
and linolenic acid (ù-3) [36]. The monounsaturated fatty delay its absorption. 
acid can reduce serum TG and phospholipids level [37]. In Corn oil fed rats showed an increase in LDL-c level.
addition, wheat germ oil has a number of nutritional and It deposited in the interior of blood vessels resulting in
health benefits like high content of vitamin E and hardened arteries, narrowing of the blood vessels and
phytosterol [38]. This may be the reason of decrease the coronary heart disease. Truffle and wheat germ oil
level of both triglyceride and phospholipids. Truffle and causing high level of HDL-c, reduce the harmful effects of

cholesterol levels [39].

excretion of cholesterol either directly as free cholesterol
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LDL-c. HDL-c picks up and transports cholesterol in the oxidative stress by regulating NADPH.H level, the main
blood back to the liver, leads to its elimination from the intracellular reductant. Corn, truffle and wheat germ oil
body. HDL can help to keep LDL cholesterol from treated rats showed an increase in the hepatic 6-PGD
building up in the walls of the arteries [50]. LDL and HDL activity. The present results are in agreement with [56]
particles are formed during the subsequent TAG depletion which reported that respiratory mitochondrial enzymes
catalyzed by hepatic lipase [51]. The LDL-receptor and glycolysis systems were activated by the
pathway (Apo B & E receptor) is different from the apo E- administration of antioxidants oils. 6-PGD is considered
receptor route, which enables the uptake of chylomicron the fundamental enzymes of pentose phosphate pathway
remnants from the blood stream [52]. Truffle and wheat activity. The primary results of the pathway are: the
germ oil showing a decrease in LDL-c beside the generation of reducing equivalents, in the form of NADPH
chylomicron cholesterol concentration but the (accounting for approximately 60% NADPH production),
mechanisms by which this reduction is achieved remain to used in reductive biosynthesis reactions within cells (e.g.
be elucidated. Rats supplemented with wheat germ oil for fatty acid synthesis) and production of ribose-5-
10 successive days significantly ameliorated serum lipid phosphate (R5P), used in the synthesis of nucleotides
profile levels and modulated the alteration in activity of and nucleic acids [57]. The inhibition of nucleotide
LDH [53]. biosynthesis, i.e. formation of ribose component and the

The present study showed a significant decrease in phosphorylation of ribonucleotides inhibited protein
the level of Acetyl-coA-carboxylase (ACC), Citrate biosynthesis [58]. 
cleavage enzyme (CCE), Malic dehydrogenase (ME) and In conclusion, the correlation of administration of
Isocitrate dehydrogenase (ICDH) enzymatic activities with corn oil, truffle oil or wheat germ oil with lipid profile and
a significant increase in the enzymatic activity of 6- lipogensis was clarified in the present experiment. Better
phosphogluconate dehydrogenase (6-PGDH) in hepatic results obtained from the administration of truffle oil and
tissues of corn, truffle and wheat germ oil fed rats. On the wheat germ oil. Future studies will also be needed for the
other hand, the results were controversial in peripheral development of bigger scale experiment with the
adipose tissue as there were an increase in the enzymatic administration of different doses of these oils on different
activities of all lipogenic enzymes in the groups treated animal species.
with corn oil with nearly no change in the groups treated
with truffle and wheat germ oil with a significant increase REFERENCES
in the level of 6-PGDH only in the group treated with germ
oil. 1. Harvey, R.H., P.C. Champe and D.R. Ferrier, 2005.

Lipogenesis  and   the   activities   of   ACC,   CCE, Lippincott’s illustrated reviews: Biochemistry 3rd
ME  and  ICDH  enzymes  were   closely   correlated    in Edition. pp: 347-352.
rat liver and adipose tissue. The activities of these 2. Kersten, S., 2001. Mechanisms of nutritional and
enzymes decreased at the same time as lipogenesis in the hormonal  regulation  of lipogenesis. EMBO Rep.,
liver of the rats. These enzymes appear to play an 2(4): 282-286. 
important role in hepatic lipogenesis.  These  enzymes 3. Katragadda,     H.R.,  A.S.  Fullana,  S.  Sidhu  and
may be involved in the formation of A.A. Carbonell-Barrachina, 2010. Emissions of
phosphoenolpyruvate from dicarboxylic acids and amino volatile aldehydes from heated cooking oils. Food
acids in rat liver [54]. Since gluconeogenesis is a very Chemistry, 120: 59. 
active process in rat liver, a high activity of malate 4. Wolke, R.L., 2007. Where There's Smoke, There's a
dehydrogenase might be expected. Malic enzyme Fryer. The Washington Post. 
activities strongly observed in weanling rats [55]. The 5. Hans-Jochen,  F.M.,  2011.  Fatty  acid     composition
enzymatic changes may have led to the increase in of important plant and animal fats and oils (German).
lipogenesis, or, more likely, they may have been Corn oil 5  Edition.  pp: 229-246. 
secondary to an increased flow of metabolites from 6. William, E.M., 2005. Dietary fat and health: the
glucose to fatty acid [54]. 6-phosphogluconate evidence and the politics of prevention: careful use
dehydrogenase (6-PGDH) is the key enzymes of this of dietary fats can improve life and prevent disease.
pathway which is responsible for the generation of Annals of the New York Academy of Sciences
NADPH.H. It plays essential roles in the regulation of (Blackwell), 1055: 179-192. 

th



Global Veterinaria, 12 (4): 461-469, 2014

467

7. Hibbeln,    J.R.,  L.G.   Nieminen,   T.L.     Blasbalg, 18. Knight, J.A., S. Anderson and J.M. Rawle, 1972.
J.A. Riggs and E.M. William, 2006. Healthy intakes of
n-3 and n-6 fatty acids: estimations considering
worldwide   diversity.   American   Journal of
Clinical Nutrition (American Society for Nutrition),
83(6): 1483S-1493S. 

8. Okuyama, H., Y.S. Ichikawa, H. Yueji, T. Lands and
E.M. William, 2007. ù3 fatty acids effectively prevent
coronary heart disease and other late-onset diseases:
the excessive linoleic acid syndrome". World Review
of Nutritional  Dietetics.    World  Review of
Nutrition and Dietetics (Karger) 96(Prevention of
Coronary Heart Disease): 83-103. 

9. Daley,  C.A.,  A.  Abbott,  P.  Doyle,  G.  Nader   and
S. Larson, 2004. A literature review of the value-
added nutrients found in grass-fed beef products.
California State University, Chico (College of
Agriculture), 36(6): 3-23.

10. Simopoulos, S. and P. Artemis, 2002. The importance
of the ratio of omega-6/omega-3 essential fatty acids.
Biomedicine & Pharmacotherapy, 56(8): 365-379. 

11. Sonestedt,  E.,  U.  Ericson,  B.O. Gullberg, K. Skog,
H. Olsson and E. Wirfält, 2008. Do both heterocyclic
amines and omega-6 polyunsaturated fatty acids
contribute to the incidence of breast cancer in
postmenopausal women of the Malmö diet and
cancer  cohort.    The  International  Journal of
Cancer (UICC International Union Against Cancer).
123(7): 1637-1643.

12. Berquin,  I.M.,  Y.  Min,  R.  Wu,  J. Wu, D. Perry, J.M.
Cline, M.J. Thomas, T. Thornburg, et al., 2007.
Modulation of prostate cancer genetic risk by omega-
3 and omega-6 fatty   acids.  J.  Clin.  Invest., 117(7):
1866-75.

13. Pala,  V.,  V.  Krogh,  P.  Muti,  V.  Chajes,  E. Riboli,
A. Micheli, M. Saadatian, S. Sieri and F. Berrino. 2001.
Erythrocyte membrane fatty acids and subsequent
breast cancer: a prospective Italian study. J. Natl.
Cancer. Inst., 93(14): 1088-95.

14. Daniel, P., 2007. Hocus-Pocus and a Beaker of
Truffles. The New York Times.

15. Lynch, R., 2011. Chef Gordon Ramsay on the one
ingredient you should not have in your pantry. Daily
Dish. Los Angeles Times. 

16. Megahad, O.A. and O.S. El Kinawy, 2002. Studies on
the extraction of wheat germ oil by commercial
hexane. Grasasy Aceites, 53 (4): 414-418.

17. Paranich,  V.,    O.   Cherevko,   N.   Frolova      and A.
Paranich, 2000. The effect of wheat germ oil on the
antioxidant system of animals. Lik Sprava. 2: 40.

Chemical bases of the sulfo-phosphovanillin reaction
for estimating total serum lipids. Chem., 18: 199-202.

19. McGowan, M.W., J.D. Artiss, D.R. Stanol bergh and
B. Zak, 1983. A peroxidase-coupled method for
colorimetric determination of serum triglycerides.
Clin. Chem., 29: 538-452.

20. Baginiski, E.B., E. Epstein and B. Zak, 1972.
Determination of phospholipids in plasma. Ann. Clin.
Lab. Sci., 2: 255-260.

21. Allain, C.C., L.S. Poon, C.S. Chan, W. Richmond and
P.C. Fu, 1974. Enzymatic determination of total serum
cholesterol. Clin. Chem., 20: 470-475.

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

23. Friedewald, W.T., R.I. Levy and D.S. Fredrickson,
1972. Estimation of the concentration of low density
lipoproteins cholesterol in plasma, without use of the
preparative ultracentrifuge. Clin. Chem., 18: 499-502.

24. Anderson,     D.B.,        R.G.       Kaufman          and
L.L. Kasterschmidt, 1972. Lipogenic enzyme activities
and cellularity of porcine adipose tissue from various
auatomical locations. Lipid Res., 13: 393-399. 

25. Vernon, R.G. and M. Taylor, 1986. acetyl-CoA
carboxylase of sheep adipose tissue; problems of the
assay and adaption during fetal development. J Anim
Sci., 64(4): 1395-1411.

26. Srere, P.A., 1962. Citrate-Cleavage enzyme, In:
Methods in enzymology, academic press, New York,
London, 5: 641-644.

27. Hsu, P.Y. and H.A. Landy, 1969. Malic enzyme:
Methoda Enzymol, 17: 230-233.

28. Bernt, E. and H.U. Bergmeger, 1974. Isocitrate-
dehydrogenase, In: Methods der enzymatischen.
Analyse. 3 Anufl. Chemie, winheim / Bergstr. Bd 1,
pp: 660-663.

29. Duncan, D.B., 1955. Multible rande and multible F-
Tests. Biometrics, 11: 1-42.

30. American Heart Association, 2003. Living better:
Annual reportAmerican Heart Association; Dallas.
pp: 1-30.

31. Volk, M.G., 2007. An examination of the evidence
supporting the association of dietary cholesterol and
saturated fats with serum cholesterol and
development of coronary heart disease. Alternative
Medicine Review, 12(3): 228-245.



Global Veterinaria, 12 (4): 461-469, 2014

468

32. Nilsen,     D.W.T.,   G.   Albrektsen,   K.      Landmark, 43. Lairon, D., C. Lacombe and P. Borel, 1987. Beneficial
S. Moen, T. Aarsland and L. Woie, 2001. Effects of a effect of wheat germ on circulating lipoproteins and
high-dose concentrate of n3 fatty acids or corn tissue lipids in rats fed a high cholesterol-containing
oilintroduced early after an acute myocardial diet. J. Nutr., 117: 838-845.
infarction on serum triacylglycerol and HDL 44. Pacioni, G., L. Cerretani and A. Cichelli, 2014.
cholesterol1-3. Am. J. Clin. Nutr., 74: 50-56. Composition of commercial truffle flavored oils with

33. Deng, R., 2009. Food and food supplements with GC-MS analysis and discrimination with an electronic
hypocholesterolemic effects. Recent patents on nose. Food Chemistry, 146: 30-35. 
Food, Nutrition and Agriculture, 1: 15-24. 45. Alessandri,  C.,  P.  Pignatelli,  L.   Loffredo, L. Lenti

34. Abdel-Rahim, G.A. and G.I. Mahmoud, 2011. L,  M.  Del  Ben,    R.  Carnevale, A. Perrone, D. Ferro,
Protective effects of a wheat germ rich diet against F. Angelico  and  F.  Vilio,  2006.  Alpha-linolenic
the toxic influence of profenofos on rat tissue lipids acid-rich wheat germ oil decreases oxidative stress
and oxidative pentose phosphate shunt enzymes. and CD40 ligand in patients with mild
Grasas Aceites, 62(3): 344-352. hypercholesterolemia. Arterioscler Thromb Vasc.

35. Singh, D.K., L. Li and T.D. Porter, 2006. Policosanol Biol., 26(11): 2577-8. 
inhibits cholesterol synthesis in hepatoma cells by 46. Morise,   A.,  C.  Serougne,  C.  and  D. Gripois,
activation of AMP-kinase. J. Pharmacol. Exp. Ther., D.M.F. Blouquit, C. Lutton and D. Hermier, 2004.
318(3): 1020. Effects of dietaryalpha linolenic acid on cholesterol

36. Mohamed, D., A. Ismael and A. Ibrahim, 2005. metabolism in male and female hamsters of the LPN
Studying the anti- inflammatory and biochemical strain.  The  Journal  of Nutritional Biochemistry,
effects of wheat germ oil. Dtsch. Lebensm. Rundsch. 15(1): 51-61.
101(2): 66. 47. Murase, T., M. Aoki and I. Tokimitsu, 2005.

37. Jenkins,  D.J.A.,  C.W.C.  Kendall,  V.     Vuksan, Supplementation with alpha-linolenic acid-rich
L.S.A. Augustin LSA, C.R.D. Mehling, et al. 1999. diacylglycerol suppresses fatty liver formation
Effect of wheat bran on serum lipids: influence of accompanied by an up-regulation of betaoxidation in
particle size and wheat protein. J. Am. College Nutr., Zucker fatty rats. Biochimica Et Biophysica Acta,
18: 159-165. 1733(2-3): 224-231.

38. Jonnala, R.S., N.T. Dunford and S. Irmak, 2005. 48. Virag, S., 1980. Experimental models of
Policosanol, tocopherol and phytosterol composition atherosclerosis (the insudative theory). Methods and
of wheat extract. IFT Annual Meeting, JULY 15-20, findings. Exp. Clin. Pharmacol., 2: 111-132.
New Orleans Louisiana, 54 G-1. 49. Cara, L., C. Dubois and P. Borel, 1992. Effects of oat

39. Abdel Fattah, S.M., T.M. Fahim and N.M. El-Fatih, bran, rice bran, wheat fiber and wheat germ on
2011. Prophylactic role of combined treatment with postprandial lipemia in healthy adults. Am. J. Clin.
wheat germ oil and ginseng against radiation injury in Nutr., 55: 81-88.
male rats. The Egyptian Journal of Hospital Medicine, 50. Awan, J.A., 1993. Elements of food and nutrition.
45: 403-415. Uni-Tech  Communication,  Faisalabad,    Pakistan,

40. Wiersma, H., A. Gatti, J. Uwe and F. Tietge, 2009. pp: 42-44.
Hepatic SR-BI, not endothelial lipase, expression 51. Syvänne, M. and M. Taskinen, 1997. Lipids and
determines biliary cholesterol secretion in mice. J. lipoproteins as coronary risk factors in non-insulin-
Lipid Research, 50(8): 1571-1580. dependent diabetes mellitus. Lancet, 350(1): 20-23.

41. Jagannathan,  S.N.,  W.E.  Connor,  W.H.       Baker 52. Mahley,   R.W.,   1982.    Atherogenic
and A.K.  Bhattacharyya,    1974.     The      turnover hyperlipoproteinemia. The cellular and molecular
of  cholesterol  in  human  atherosclerotic.  The biology ofplasma lipoproteins altered by dietary fat
Journal         of           Clinical            Investigation, and cholesterol. Med. Clin. North Am., 66: 375-40l.
54(2): 366-377. 53. Said,  U.Z.  and  K.H.  Azab,  2006.    Efficacy of

42. Mahley, R.W. and L. Innerarity, 1983. Lipoprotein wheat  germ  oil  in modulating radiation-induced
receptors and cholesterol homeostasis. Biochim. heart  damage  in rats. Egypt. J. Rad. Sci. Applic.,
Biophys. Acta, 737: 197-222. 19(2): 433-451.



Global Veterinaria, 12 (4): 461-469, 2014

469

54. Boll, M., L.W. Weber, A. Stampfl and B.  Messner, 56. Mehta, A., P.J. Mason and T.J. Vulliamy, 2000.
1994. Lipogenic enzymes of rat liver and adipose Glucose-6-phosphate dehydrogenase deficiency.
tissue. Dietary variations and effect of Baillieres Best Pract. Res. Clin. Haematol., 13: 21-38.
polychlorinated   biphenyls.   Z   Naturforsch C 57. Kruger, N.J., A. Von Schaewen, 2003. The oxidative
.49(9-10): 665-78. pentose phosphate pathway: structure and

55. Angel, J.F. and D.W. Back, 1981. Immediate and late organisation. Curr. Opin. Plant Biol., 6: 236-46.
effects of premature weaning of rats to diets 58. Abdel-Rahim, GA., 2009. Reduction of profenofos
containing starch or low levels of sucrose. J. Nutr., toxicity effects by -tocopherol diet (wheat germ) on
111(10): 1805-1815. carbohydrate metabolism of male albino rats. Egypt.

J. Nutr., 24: 1-24.


