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Abstract
The aim of the present study is to investigate the effect of different concentration of
antioxidants on oxidative stress in rats fed on an oxidized oil. Sunflower oil was submitted to fryer
treatments at temperature between (180-190 °C) on intermittent periods for 24 hrs. The changes in
chemical properties of frying oil compared to fresh sunflower oil were investigated. Data illustrate
the presence of an increase in acid value, peroxide value, polymers and a decrease in iodine
number. Fatty acids constituents of this tested oil were also investigated. Fifty-four rats weighing
approximately 100 grams each were divided into nine groups, each group containing six rats.
Groups S2 and S3 fed on diets containing oxidized oil (15 %) and the other groups S4, S5, S6 S7,
S8 and S9 fed on the same diet used in group S2 and supplemented with different concentration of
antioxidants BHT (.02 gm/100gm oil), sodium selenite (1.5 mg / kg diet), p-carotene (10 mg/200gm
rat/day), anthocyanin (1.43mg/200gm rat/day), cinnamon essential oil (0.9 gm/100 gm oil ) and
clove essential oil (0.9 gm/100 gm oil) respectively. Rats fed oxidized oil (S2 and S3) had higher
concentrations of cholesterol, LDL-cholesterol and triglycerides. Although, the concentration of total
thyroxine in plasma of rats fed oxidized diet (S2 and S3) was higher than rats fed the oxidized oil
and supplemented with different concentrations of antioxidants. The damage caused by the
oxidized oil was revealed by a significantly rise in lactic acid dehydrogenase activity ( LDH )
and thiobarbituric acid reactive substances (TBARs ) in plasma of rats in groups S2 and S3
Compared to other groups (S4, S5, S6 S7, S8 and S9). On the other hand, BHT as synthetic
antioxidant at 200 ppm induced significant decrease in TBARs and increase in the LDH activity and
function (liver and kidney). Microscopical examinations of thyroid gland , heart , liver and kidney
tissues of rats treated with natural antioxidants had the histological characters as that of the control
rats whilst, the treatment of BHT at 200 ppm altered the features of rat liver, kidney, thyroid gland
and severely damaged rat heart tissues.

Introduction
In developed countries, Frying is a process currently used for the production of millions of
tons of snacks worldwide. In fast food restaurant, fat is heated in fryers for up to 18 h daily, at
temperatures close to 180°C. Fried foods are absorbing appreciable amount of oil reaching up to 40
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% during frying (Houhoula etal., 2003). During the deep frying process, a series of degradation
reactions, including autoxidation, thermal oxidation, polymerization and cyclization occur in the
frying fat (Paul and Mittal 1997). The oxidation products in the used frying oils are commonly
named as the polar compound fraction. Thermally oxidized fats contain a large number of lipid
peroxidation products such as peroxides and hydroperoxides. The oxidized TG contain at least one
oxygenated function in the esterfied fatty acids and may be a mixture of epoxide and ketone. The
dimers are complex structure in which TG monomers are covalently linked through C-C or C-O-C
bonds (Chao et al., 2001). Therefore, in many European countries rules that oil should be
discarded when its total polar material content is higher than 25 %. The presence of lipid peroxides
in food is undesirable because nutritional value decreases with the destruction of unsaturated fatty
acids and other essential food constituent that possess an unsaturated lipid structure (GarridoPolonio etal, 2004a).
The physiological effects of primary and secondary lipid peroxidation products are different.
Primary lipid peroxidation products are highly toxic when administered parenteraliy but less toxic
when given orally, probably due to low digestibility. Secondary lipid peroxidation products are
particular physiological importance because they are highly digestible (Eder et at., 2002). Feeding
thermally oxidized fat increases the concentrations of lipid peroxidation products in tissues, frying oil
intake can cause tissue damage and may play a role in the inflammatory process of autoimmune
disease (Hsieh and Lin, 2005). Oxidized fatty acids can be readily absorbed by the intestine,
esterified into complex lipids and incorporated into lipoproteins (Penumetcha et al., 2000). Also,
accumulating evidence suggests that oxidized fat and lipid oxidation products in the diet can also
elevate levels of LDL cholesterol, triglyceride, and VLDL (Eder et al., 2003 and Brandsch et al.,
2004). Plasma cholesterol, triglycerides and LDL-cholesterol above normal levels are closely
related to the incidence of atherosclerosis and coronary artery disease (Tebib etal., 1997). Dietary
oxidized fats could also enhance oxidative modification of LDL through their lipid peroxidation
products and appears to affect several steps of atherogenic process (Santos et al., 2002).
Antioxidants are essential in preventing the cellular damage caused free radicals and freeradical-modified lipid peroxidation. These antioxidants probably exert their effects through their
ability to scavenge reactive oxidants Ozdil et al., (2004). Recent studies have shown that essential
oils such as cinnamon and clove, Anthocyanins, Carotenoids and selenium have powerful function
as antioxidants and ability to scavenge reactive oxidants and have synergistic effect in the
prevention of biological membranes from oxidants (Groffand Gropper, 2000; Burda and Oleszek,
2001; Suzuki and Ogra, 2002; Wu et al., 2002 and El-massary et al., 2003).
The aim of the present study is to investigate the effect of different concentration of
antioxidants (BHT, selenium, P-carotene, anthocyanins and cinnamon and clove essential oils) on
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oxidative stress which increased by the oxidized oil and study their effects on serum lipid profile,
liver and kidney function tests and thyroid gland hormones of rats received fried oil as well as the
histopathological effect on liver , kidney , thyroid gland and heart tissues compared with
nutraceutical tissues.

Materials and Methods
Materials
Local frying oil: Frying oil samples were received from several local fast food restaurants (frying
local oil). In addition, all oil samples were collected from the fryer used to fry only potatoes products.
All oil samples were kept at 4C until further analysis using chemical methods to determine the level
of oil rancidity.
Sunflower fresh oil: was purchased from Sila Edible Oil Co., S.A.E, Koum Oshiem Fayoum.
Spices: the following spices, cinnamon (Cinnamomum zeylancium ) and clove (Syzygium
aromaticum) were purchased from Pharmaceutical Science Laboratory, National Research Centre,
Giza, Egypt.
Butylated hydroxytoluene (BHT): as synthetic antioxidant (of purity 99.9%) was obtained
from Naarden International Company.
Methods
Preparation of frying oil sample: Sample of sunflower oil was subjected to heat treatment
comparable to that of deep - fat frying. A stainless steel laboratory fryer, sliced potatoes were put
into a frying basket, containing refined sunflower oil at a temperature between (180-190cC).The oil
intermittently frying accounted for 24 hrs. (3 hrs./day) Eder et al., (2003) and Kerolles (2003).
Physicochemical variables: The acid value, peroxide value, iodine number, polymers and
fatty acids were determined according to the methods described by A.O.A.C. (2000), Wu and
Nawar (1986) and Aura et al., (1995). Thiobarbituric acid (TBA) value was determined according to
the method described by Ottolenghi (1959).
Extraction of essential oils from spices: The essential oils of cinnamon and clove fruits were
obtained by water distillation in a glass apparatus, for 4 hours. The separated volatile oil was dried
over anhydrous sodium sulphate before holding glass bottles at -20CC, according to Guenther
(1961)
Kits (Total cholesterol , High density lipoprotein cholesterol, Low density lipoprotein
cholesterol, Triglycerides , Totai lipids, Alanine amino transferase (ALT), Aspartate amino
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transferase (AST), Alkaline phosphatase (AP) Jotal btlirubin ,y-L-Y-Glutamyl transferase { y -GT)
,Creatinine , Urea and Uric acid :were obtained from Randox Laboratories Ltd., Diamond Road,
Crumlin , Co., Antrim, United Kingdom.BT294QY. Kits Tetraiodothyronine (T4) and triiodothyronine
(T3) were obtained from COAT-A-COUNT CO., USA.
Serum totai cholesterol (TC), high density lipoprotein (HDL), low density iipoprotein (LDL),
VLDL- cholesterol and trigiycerides (TG.) were determined by using the methods described by
Richmond (1973), Assmann (1979), Wieland and Seide! (1983), Wallach (1992) and Fossati
and Prencipe (1982), respectively.
Alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities were
assayed by the method of Bergmeyer and Harder (1986). Alkaline phosphatase (AP) activity was
measured at 405 nm by the formation of paranitrophenol from para-nitrophenylphosphate as a
substrate using the method of Varley et al,, (1980). Serum total bilirubin was measured using the
method of Walters and Gerade (1970).y- L-Y-Glutamyl transferase (y -GT) was measured using
the method of Szasz (1969). Lactic acid dehydrogenase activity was determined by enzymatic
colorimetric method according to Rec (1972).
Creatinine was measured using the method of Henry (1974), Urea was measured using the
method of Fawcett and Scott (1960) while Uric acid was measured using the method of Caraway
^955/Tetraiodothyronine (T4) and triiodothyronine (T3) concentrations were determined according
to Hollander et al., (1974) by radioimmunoassay (RIA).Thiobarbituric acid reactive substances was
determined by the colorimetric method described by Meltzer et al., (1997).
Histopathological examination :Sample from the liver, kidneys, heart and thyroid gland were
collected from rats in all groups at the end of experiments (60 days), fixed in 10% neutral buffered
formalin, dehydrated in alcohol, cleared in xylol and embedded in paraffin. 4u thick sections were
prepared and stained with Hematoxylene and Eosin (Carleton, 1976).
Diet:
The composition of the basal diet (g/kg): casein 217; corn starch, 583; fresh vegetable oil
150; mineral mix. , 40; vitamin mix. , 10 ( Zamore et al., 1991 , Kerolles, 2003 ;Hegested et
al.,1941 and Camplell,1961, respectively).
Design:
A total of 54 young male Albino rats, average weight of 100 g. raised in the animal house of
the Ophthalmology Research Institute, Giza, Egypt, were used in the present study. The animals
were equally divided into 9 groups (each of 6 rats) according to the type of oil as follows:
1Six rats were fed on a basal diet (S1).
2Six rats were fed on a basal diet except that the fresh sunflower oil portion was replaced by
15 % of laboratory frying oil (S2).
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3Six rats were fed on a basal diet except that the fresh sunflower oil portion was replaced
with 15 % of restaurant frying oil (S3).
4Thirty six rats were divided into 6 groups. Each of 6 rats were fed on a basal diet and the
fresh sunflower oil portion was replaced with 15 % of laboratory frying oil (S4, S5, S6, S7, S8 and
S9). [S4 the 4 to group was receiving BHT (.02 gm/100gm oil), Badee et al., 2005\, [(S5) ,the 5s1
group was receiving selenium as sodium selenite (1.5 mg / kg diet), Ahmed, 2004] , [S6 the 6^
group was receiving (3-carotene (10 mg/200gm rat/day), El-dkak, 2004], [(S7), the 7to group was
receiving , anthocyanin (1.43mg/200gm rat/day), El-Dakak, 2004],[ (S8), the 8^ group was
receiving cinnamon essential oil (0.9 gm/100 gm oil ) and (S9), the 9to group was receiving clove
essential oil (0.9 gm/100 gm oil), Sacfee etai., 2005.
Blood sampling:
Blood samples were taken at the end of the experiment being 60 days of the
administration of the tested materials (BHT, selenium, (3-carotene, anthocyanin and (cinnamon and
clove) essential oils). The blood samples were obtained from orbital venous plexus by means of fine
capillary glass tubes according to the method described by Schermer, (1967).
Statistical analysis:
The obtained results were subjected to statistical analysis using the standard analysis of
variance as outlined by Snedecor and Cochran (1980). Factorial analysis containing two factors in
completely randomized design as described by Gomez and Gomez (1984) was also used. The
difference between means were tested for significance against the least significant range (LSR).

Results and discussion
The results demonstrate the occurrence of high increase in the acid value, peroxide value
and thiobarbituric acid value of the fried sunflower oil (laboratory and restaurant) compared to fresh
oil. Meanwhile, iodine values of fried sunflower oil were decreased by prolonging the fried process
(Table 1).
The initial polymer content of fresh sunflower oil was 0.27 % and this value was increased
in restaurant and laboratory frying oil as shown in Table (1). Sanchez-Muniz and Bastida (2003)
and Romero et al., (2006) have indicated that oils with a low linoleic acid and a high oleic acid
content tend to be oxidized more easily than oils with a higher linoleic acid and lower oleic acid
content which have a greater tendency to undergo polymerization. This fact is of nutritional
relevance due to polymers, which are potentially toxic. These compounds are more actively
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digested and absorbed (Lopez - Varela et al., 1995; Marquez - Ruiz and Dobarganes, 1996 and
Gonzalez -Munoz et al., 1998, 2003).
The fatty acid composition of the used oils across 8 days of frying is presented in Table (1).
The results show generally that in all frying oil , there were decreases in linoleic acid (18:2) and
oleic acid (18:1) .whereas myristic acid (14:0), palmitic acid (16:0) and stearic acid (18:0) slightly
increased at the end of frying time. In particular, during frying, PUFA decreased and total SFA
increased. Orthoefer and Cooper (1996) , Arroyo et al.,1995 and Jorge et al.,1997 have
pointed out that heat treatment of fats induces modifications of fatty acids with two or three double
bonds. In the current study the level of PUFA tended to decrease, whereas that of SFA increased/
Also, the results show that the decrease in C18:2 and C 18:1 and the increase in C14:0,
C16:0 and C18:0 across 8 consecutive days of frying were higher in the (laboratory and restaurant)
oil compared to sunflower fresh oil. On the other hand, Ramadan etal., (2006) found that the ratio
of linoleic acid to palmitic acid tended to decrease at a diminishing rate by increasing the frying
period. In the sunflower oil, the drop in the C18:2 /C16:0 ratio was lower than that of the restaurant
oil.
Lipid profile:
Table (2) shows the concentrations of serum total cholesterol (TC) and low density
lipoprotein (LDL-C) of rats .The concentration of (TC) and (LDL-C) in serum were significantly
influenced by the dietary oxidized fats in alf groups. Rats fed on the oxidized fat fried (S2 and S3)
had higher concentrations of (TC) in serum than those fed on fresh fat and all groups. Rats fed on
diets with anthocyanins or (cinnamon and clove) essential oils and BHT at 200ppm had lower
concentrations of (TC) and (LDL-C) in serum than those fed on diets with selenium and (3-carotene.
Also, no significant change was observed between natural and synthetic antioxidant in ail groups.
These results agree with that Eder and Stangl (2000) and Garrido-Polonio et at., (2004 b) who
found that linoleic acid is hypocholesterolaemic. A high intake of linoleic acid has been shown to
decrease LDL-cholestero! and cholesterol. Thus, one explanation for the rise of serum totalcholesterol and LDL-cholesteroi, might be due to lower intake of linoleic acid in dietary oxidized oil
compared with fresh oil. Dietary oxidized oils increase oxidative stress and the presence of oxidized
LDL-cholesterol and other lipoproteins. Oxidation converts LDL-cholestero! to a form that is rapidly
taken up and degraded by macrophages and increased degradation of unoxidized LDL-cholesterol.
Antioxidants are inhibiting metabolism of LDL-cholesterol and reduce toxicity of oxidized LDLcholesterol (Schwenke, 1998). Other explanation by Khan- Merchant et al., (2002) is the possible
mechanism for the action of oxidized fatty acids based on the observation that 13- hydroxylinoletc
acid (13- HODE) and oxidized fatty acids may act as bile salt enhancers and increase the
soiubilization and absorption of cholesterol , leading to high plasma cholesterol levels. Oxidized
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lipoproteins play an important role in the development of atherosclerosis (Steinberg et al., 1989
and Witztum and Steinberg 1991).
Serum high density lipoprotein cholesterol (HDL - C): as shown in Table (2) indicated that
the rats fed on natural and synthetic (BHT) antioxidant groups showed a slight decrease in the
concentrations of (HDL -C) compared with the control rats (fresh oil). Meanwhile, fried oil groups
(S1 and S2) had high decrease in the concentrations of (HDL - C) compared to all groups.
Yokozowa et al., (2002) found that antioxidant rich foods increased the response to the oxidative
damage in the pathogenesis of many diseases and increased HDL-C.
Serum triglycerides (TG) and very low density lipoprotein cholesterol (VLDL - C): The
concentration of (TG) and (VLDL - C) were studied, as shown in table (2). These data indicate that,
in rats fed on diet containing oxidized oil (S2 and S3), the concentration of (TG) and (VLDL - C)
increased significantly from (90.47 mg/dl (S1) to 179.2 mg/dl and 187.5 mg/dl) and (18.09 mg/d!
(S1) to 35.84 mg/dl and 37.50 mg/dl), respectively in groups S2 and S3. Meanwhile, the other
groups (S3, S4, S5, S6, S7, S8 and S9) fed on diet containing oxidized fat and supplemented with
different concentration of antioxidants had lower value compared with groups S2 and S3. These
results are in agreement with Naruszewicz et al., (1987) and Brandsch et al., (2004) who
observed that, there is a 10- fold increase in the uptake of chylomicrons after consumption of
heated oil. There is some evidence that highly oxidized oils accelerate the development of
atherosclerosis (Strapahs et al., 1996), and some studies report that increased VLDL-C and
chylomicrons of rats, rabbits and humans following ingestion of oxidized oils (Hayam et al., 1995,
Strapans et al., 1994, 1996).
Liver function:
Alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase
(AP) , y -GT and total bilirubin activities : The data in Table (3) show the activities of ALT, AST ,
AP , Y -GT and total bilirubin for control rats (fresh oil ) and the values were slightly increased
during the whole experiment (60 days ) . The administration of two groups of fried oil (S2 and S3)
and BHT at 200ppm to experimental rats induced significant increases in serum ALT, AST and AP
activities at the end of experiment. On the contrary, no significant differences occurred among all
natural antioxidants. Baron (1987) mentioned that the rise in the activities of ALT, AST and AP in
rat serum is a sign of hepatocelluor damage. This case had been found in rats administered BHT
and fried oils without natural antioxidants. These results appear to be in agreement with those of
Farag et al., (2006). The outstanding augmentation that was observed in serum ALT and AST may
be a result in formation of free radicals in the oils that were subjected to a severe heating (Nawar,
1979). These compounds produced from lipid peroxidation were suggested to one of the major
factors involved in liver injury as reported by Slater (1978) and Recknagel (1983). They also
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showed that peroxidative breakdown of membrane lipids certainly occurred following the formation
of free radicals that attack the linkage of unsaturated fatty acids. The short - chain compounds
were produced due to heating of vegetable oils such allyl alcohol exhibited periportal necrosis
(Rees and Torlow, 1979).
Serum LDH activity is presented in Table (3). From the obtained results, a significant
increase of serum LDH activity in groups fed on diet containing oxidized oil (S2 and S3) when
compared with the normal group (S1). In our study, it was observed that, enzymes such as LDH
was released into the blood. The increase in the serum activity of this enzyme was directly
proportional to the degree of cellular damage and is an indicator of liver destruction Ozdil et al.,
(2004). Also, a significant decrease was noted in the groups fed on diet containing oxidized oil
and supplemented with different concentration of antioxidant ( S5, S6, S7, S8 and S9) by (
48.16 ,64.38 ,41, 58.76 and 42.25 % ) respectively, when compared with S2 group. In contrast, the
highest value of LDH was observed in treatment 4 (S4) when compared with the control group (S2)
or all treatments (S5, S6, S7, S8 and S9). In this concern Sulzle et al, (2004) reported that, many
of the effects caused by oxidized fats are mediated by oxidative stress. Dietary oxidized fat may be
increased as the result of formation of reactive oxygen species (ROS) and may induce increased
damage proteins in the liver through enhanced generation of ROS and increased lipid peroxidation
of the cell membrane. This leads to increased membrane fluidity, disturbances of calcium
homeostasis, and finally cell death.
Kidney function:
Serum uric, urea and creatinine (kidney functions) as shown in the Table (3), the fried oil
rats (laboratory and restaurant oxidized oil) and BHT at 200ppm showed significant and gradual
increases in the concentrations of uric, urea and creatinine during the entire experiment. In contrast,
anthocyanin, essential oils, selenium and B-carotene rat groups indicate that there were no
significant changes of serum uric, urea and creatinine. These results are in agreement with
Kerolies (2003) and Farag et at., (2006).
Thyroid hormone concentrations:
Table (4) shows plasma tetraiodothyronine (T4) and triiodothyronine (T3) levels of rats fed on
diet containing oxidized oil (15 %) or the rats fed on the same diet supplemented with different
concentrations of antioxidants. Rats fed on the oxidized oil (S2 and S3) had greater concentrations
of total T4 in serum 123.42 and 137.15 nmol/L respectively, than that obtained in rats fed on fresh
oil (S1) .Also, on supplementing the diet with different concentration of antioxidants (S4, S5, S6, S7,
SB and S9) significantly increased total thyroxine when compared with normal group (S1). However,
the rate of increase in groups S2 and S3 was higher compared to all groups. The concentration of
T 3 did not differ among the nine groups. Hence, rats fed on the oxidized oil had a higher ratio of T4
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and T3 than rats fed on fresh oil. The same result was found by Eder et al., (2002) who found that,
marked increase in the concentrations of free and total thyroxine. Other study by Liu and Huang
(1995) found that feeding oxidized oils reduced the activity of glutathione peroxidase and reduced
deiodination of thyroxine to triiodothyronine by 5'IDI enzyme (type 1, iodothyronine 5' deiodinase)
Eder, (1999).
Malondialdehyde concentration:
Malondialdehyde concentration in serum: The concentration of malondialdehyde was
studied, as shown in table (5). These data indicate that, in rats fed on diet containing oxidized oil
(S2 and S3), the concentration of malondialdehyde level was increased significantly from 0.55
nmol/L (S1) to 3.89 nmol/L and and 4.36 nmol/L in groups S2 and S3 respectively. On the other
hand, the other groups (S4, S5, S6, S7, S8 and S9) which fed on diet containing oxidized fat and
supplemented with different concentration of antioxidants had lower value when compared with
groups S2 and S3.The present results agreed with those data presented by Garrido-Polonio etal.,
(2004b) who found that, the rats fed used sunflower-seed oil had higher TBARs contents in serum
and in all lipoproteins than rats fed unused sunflower-seed oil. Also, Izaki et al., (1984) reported
that liver-TBARs was increased significantly in rats receiving four levels of thermally oxidized oils in
comparison with their counterparts fed fresh oils.
Histopathological examination:
The influence of BHT (200ppm) and
natural antioxidants (selenium, p carotene,
anthocyanins, cinnamon essential oi! and clove essential oil) on liver, kidney, thyroid gland and
heart tissues of male albino rats was microscopically examined.
Histopathological examination: Figure (1) shows the microscopic examination of liver, kidney
tissues of rats fed on a normal diet (S1).The microscopic examination of liver tissues group (S1) as
certain the presence of normal histoiogical structure of hepatic parenchyma, including normal
hepatic cords, central veins and portal areas. The microscopic examination of kidney tissues group
(S1) demonstrated the occurrence of normal cortical and medullary structures including renal
tubules and glomeruli.
Microscopical examination of liver and kidney tissues of rats fed on natural
antioxidants: the hepatic tissues showed normal hepatocytes, central veins and portal area. Also,
the kidney parenchyma of rats that ingested natural antioxidants appeared to be normal either in
cortex or medulla control rats.
Microscopical examination of liver tissues of rats fed on a fried oil: The liver of rats
from group S2 showed vacuolation and dissociation of hepatocytes group (S2). Moreover, liver of
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rats from group S3 showed dissociation of hepatocytes, portal edema and few feucocytic cells
infiltration in the portal area group (S3).
Microscopical examination of kidney tissues of rats fed on fried oil: The kidney of rats
from group S2 showed no changes except for congestion of renal blood vessels group (S2).
However, kidneys of rats from group S3 showed dilatation and congestion of renal blood vessel,
atrophy of glomerular tuft and distension of Bowman s space group (S3)
Microscopical examination of liver and kidney tissues of rats given butylated
hydroxyS toluene (BHT}: Figure (1) elucidates the microscopic examination of liver tissues of rats
administered BHT (200ppm) at the end of the experiment. The microscopic examination for liver
tissues showed marked pathological changes such as focal hemorrhage dispersed the hepatocytes,
and hyperplasia of epithelial lining bile duct associated with portal edema group (S4)
The microscopic examination of kidney tissues (Figure 1) of rats given BHT (200ppm)
revealed granularity of the epithelial lining of the renal tubules , pyknosis of their nuclei and atrophy
of glomerular tuft group (S4) as well as necrosis of renal tubules and hemorrhage were also noticed
in examined cases.
On the other hand, the microscopic examination of thyroid giand and heart tissues
(Figure 2) from control rats (SI) described no histopathological changes In other words, the natural
antioxidants did not cause any adverse effect on thyroid gland and heart tissues. Meanwhile,
microscopical examination of thyroid gland and heart tissues of rats fed on a fried oil group S2
showed distension of the thyroid follicles with deeply eosinphilic colloid group (S2) and lined with
flattend epithelium. However, thyroid tissues of rats from group S3 revealed cystic dilatation of
thyroid gland follicles .
Microscopical examination of heart tissues of rats from group (S2) revealed zanker's
necrosis of muscle fibers associated with slight inter muscular edema. However, heart tissues of
rats from group (S3) showed vacuolation of blood vessel wall and granularity of cardiac muscle
fibers.
Microscopical examination of thyroid gland and heart tissues of rats given (BHT): Figure (2)
elucidates the microscopic examination of thyroid tissues of rats given BHT (200ppm) at the end of
the experiment. The microscopic examination for thyroid gland tissues showed hyperplasta of
follicular cells associated with flattened follicular cells lining the macrofollicles (group S4)
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The histopathological examination of heart tissues (Figure 2) of rats given BHT (200ppm)
showed vacuolation of some cardiac muscle fibers associated with inter muscular edema and
hemorrhage (group S4).
Radical scavengers by essential oils (Fuhmnan et al .,2000; Badei et al., (2002); Wu et al
.,2002 and Ei-massary et al., 2003). and other natural sources such as anthocyanins, carotenoids
and selenium piay an important role in the prevention of coronary heart diseases (Dreosti , 1996;
Groff and Gropper, 2000 and Badee et al., (2005), hypercholesterolaemia (Itaya and Igarash
, 1992 and Farag et al., 2006) , possess anti - allergic , anti - inflammatory , anti - viral , anti carcinogenic , anti - proliferative properties ( Hamach et al . , 1996 ) and powerful antioxidant
substances ( Farag et al., 2002 , 2003 } .
Consequently, one would suggest feeding natural antioxidants to decrease any deleterious
effect on human health caused by frying oil. In general, the data for histopathological examinations
are in accordance with results of biochemical measurements of serum rat liver, kidney function tests
and thyroid gland hormones.
Table (1): Characteristics and fatty acid composition of the fresh sunflower oil and oxidized frying
oil.
Oxidized oil
Treatments
Acid value
(mgKOH/g oil)

Sunflower oil (fresh)

Sunflower oil
(laboratory)

oil
(restaurant)

0.04

0.98

1.72

0.42

40.14

87.81

Iodine value
(gl2/100glipids)

133.20

121.04

107.82

Thiobarbituric acid
mmol / kg

0.07

19.86

27.95

Polymer (%)

0.27

2.50

3.72

C14:0

5.68

8.11

C16:0

10.09

14.12

17.26

C18:0

5.23

9.72

14.82

C18:1

17.67

14.00

10.94

C18:2

67.01

56.48

48.87

US

84.68

70.48

40.19

TS

15.32

29.52

59.81

U/S

5.52

2.38

0.67

Peroxide value
(meq.peroxides/kg oil)

Fatty acids
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Table (2): Effect of different concentration of antioxidants on serum total-cholesterol, HDLcholesterol, LDL-cholesteroi, VLDL-cholesterol and triglycerides in rats fed on oxidized
fat for 60 days.
LDL
(mg/dl)

T.cholesterol
(mg/dl)

HDL

S1

89.04 ± 0.86 c

42.83 ± 0.17 a

27.79 ±0.92

d

18.09 ±0.16°

90.47 ±0.80°

S2

139.30 ± 9.93 ab

29.23 ± 0.34 c

73.87 ± 9.32 b

35.84 ± 0.87 8

179.20 ± 4.34 a

26.80 ± 0.37 d

85.43 ±6.53

a

37.50 ± 1.20 B

187.50 ± 5.98 a

24.91 ± 1.20 b

124,60 ± 5.98 b

Treatment

S3

150.10 ±5.83 a

(mg/dl)

VLDL
(mg/dl)

S4

117.80 ± 2.13 b

36.74 ± 0.34 b

55.79±2.42

S5

119.0 ± 13.04 b

36.95 ± 0.02 b

56.56±12.30

c

25.17 ±0.89 b

125.90 ±4.43 b

S6

119.4 ±13.80 b

36.61 ±0.37 b

57.82±14.27

c

25.37 ±0.12 b

126.90 ± 0.60 b

S7

117.70 ± 6.40 b

36.97 ± 0.22b

55.34±7.09

24.90 ± 0.55b

124.50 ± 2.75 b

S8

118.3 ± 14.19 a

36.44 ± 0.34 b

56.34 ±14.53

25.00 ± 0.68b

125.0 ± 3.41 b

S9

117.10±4.01 ^

37.18 ±0.38 b

54.91 ±4.87°

24.61 ± 0.50 b

123.10 ± 2.47 b

0.80

9.49

LSD

28.22

c

Triglycerides
(mg/dl)

c

c

10.66
2.13

Each value represents the mean ± SE.
The mean values with different superscript alphabets indicate significant differences (PO.05) using
LSD test.
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Table (3): Effect of different concentration of antioxidants on serum Liver function (ALT, AST, AP,
yGT, total-bilirubin and LDH activity) and kidney function (creatinine, urea and uric
acid) in rats fed an oxidized fat oil for 60 days.
Kidney Function

Liver Function

Treatment

ALT

AST

AP

yGT

T.blllrubin

LDH

Creatinine

Urea

Uric acid

(U/L)

(U/L)

(IU/L)

(U/L)

(mg/dl)

(U/L)

(mg/dl)

(mg/dl)

(mg/dl)

S1

21.29±1.41 d

27.93±1.08 d

62.05±0.78 d

3.70±0.25d

1.01±0.01c

101.41±4.51°

0.39±0.02°

22.1911.08 d

3.10±0.05 a

S2

30.24±2.0 bc

41.21 ± 2 . 9 1 K 84.75i1.98"

6.03±0.03at>

1.38±0.01°

bc
457.16±5.63 b 0.74±0.07

33.82±2.62 a

3.9^0.07"°

S3

34.84±1.70 ab 49.47±0.38 0b 91.S2±2.92a

6.55±0.50a

1.40±0.01 a 644.37±4.58 a

0.75±0.03b

32.31±2.20 0b

4.7510.39"

S4

39.73±1.08 8

56.80±1.18 a

93.23±1.53a

5.45±0.12b

1.43±0.02s

584.36± 9.56a

1.32±0.17°

35.87±0.84"

4.53±0.28 ab

S5

28.69±1.94°

37.79±3.27°

74,44±1.05°

4.21±0.21 cd

1.15±0.01b >36.98±3.19"

0.54±0.0311

29.18tO.39110

imto.zz0*

S6

28.83±1.89 c

39.85±3.97°

73.81±1.85°

4.32±0.11 cd

1.11±0.01b

I62.82± 1.98* O.SOiO.OS'1

28.4710.75"°

3.97±0.33Dd

S7

27.41 ±1.89°

38.13±4.73 c

73.61±1.95c

4.44i0.02 c

1.12±0.01 b

269.62± 5.20° 0.54±0.02d

27.4310.76°

s.ssto.so0"

S8

28.40±1.74°

39.24±4.42°

71.B1±1.09C

4.24±0.20d

1.11 ±0.01 b

188.5413.3°"

0.53±0.03 d

2B.O3i1.90110

3.59±0.18 cd

S9

28.87±2.08 a 36.40i2.15™1 71.2B±1.13°

4.11±0.11 td

1.14±0.04b 264.01±1.48° 0.5610.02*

27.96tO.63110

3.52±0.17od

78

4.44

0.67

LSD

5.01

9.19

3.65

0.05

0.65

0.19

Each value represents the mean ± SE
The mean vakies with o ifferent sijperscript alphabets
indicate significant differences (P<0.05)using LSD test
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Table (4): Effect of different concentration of antioxidants on thyroid hormones concentrations in*
rats fed on oxidized fat for 60 days.
Treatments

T4 (nmol/L)

T3 (nmol/L)
a

84.10 ± 0.30

T3/T4
r

61.18 ± 0.89 a
92.52 ± 3.98b

S1
S2

1.38 ± 0.03

S3

1.32±0.02a

S4

94.5 ± r e

S5

1.31 ±0.02 a
1.37±0.02 a

103.96 ±3.88 a
72.42 ± 0.07c

99.08 ±1.45caB

72.58 ± 0.26c

S6

1.37±0.02 a

107.65 ±2.5°

78.62 ± 2.97°

S7

1.35±0.05

a

102.56 ±2.56

S8

1.36±0.04a

92.1613.05*

S9

1.38±0.03

a

LSD

0.09

1.34±0.03a

123.42 ± 3D
137.15 ± 3.04a

ae

94 ± 4.89
8.76

M

76.27 ± 0.65c
69.14 ±4.1*
68.23 ± 5.03"
9.72

Each value represents the mean ± SE.
The mean values with different superscript alphabets indicate significant differences (P<0.05) using
LSD test.
Table (5): Effect of different concentration of antioxidants on malondialdehyde Concentration in
serum of rats fed an oxidized fat for 60 days.
Treatment

TBARS
(nmol/L)

S1

0.55 ± 0.05 e

S2

3.89±0.58 a

S3

4.36±0.15 a

S4

2.39 ±0.19"

S5

1.2±0.1 de

S6

1.48±0.37 M

S7

2.39 ± 0.1D

S8

2.54 ± 0.04b

S9

2.06±0.1 K

0.79
LSD
Each value represents the mean ± SE.
The mean values with different superscript alphabets indicate significant differences (P<0.05) using
LSD test.
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Figure (1): Histopathological examination of liver and kidney tissues of rats
fed only basal diet, oxidized oil and BHT (200 ppm).
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