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ABSTRACT
This study was carried out on 70 adult male albino rats with average weight 102.57 + 14.39 gram. A

pilot survey study amnong 1200 fenales in Mansowra Facudty of Medicine was done to chooxe the iy o
be tested, These oils were used once for frying potatces chips for different periods (14, 12, and | hour)

repeatedly used 2, 3 and 4 times; each 1/4 hour and repeatedly used 2 times; each 172 hiour. The effect of
heating on oils was determined by assessment of Thio Barbituric Acid Reactive Substances (TBARS) in

the fresh and heated sindied oils. Resudis revealed that the deteriorative effect of heat increases by in-
creasing the duration of oil nse and the repetition of heating was much meore destructive than the continu-
ons use of the oil, Oils heated repeatedly for 4 times; each 1/4 hour was found to have the maximwn
TBARS content and so they were chosen for the preparation of diet used during the study on experimental
animals. The animals were randomly divided inio seven groups; 10 rats each and fed for theee months the
prepared experitienial diet. First group of animals was fed oil free diet (negative coritrof group). Animals
was fed diet containing fresh (non- heated) sunflower (FS) oil in the second group (positive control
group) , repeatedly heated sunflower (HS) oil in the third group , fresh (non- heated) cotionseed (FC) oil
in the fourth group {positive control group, repeatedly heated cottonseed (HC) oil in the [ifth group ,
Sresh (non-heated) mixed (sunflower and cottonseed) (FM) oil in the sixth group (positive control group)
and repeatedly heated mixed (sunflower and cottonseed) (HM) oil in the seventh group. Rats were sacri-
ficed and dissected at the end of third month of the siudy. Organs (liver, kidney, colon, heart, and testis)
were hnmediately excised and prepared for pathological studies and blood samples were collected for bi-
ochentical studies including estimation of "TBARS" and glutathione peroxidase in serum , separation of
« -, § - tocopherols and tocoplerol acetate and estimation of serum ALT , AST, albumin, creatinine and
urea. fn experimental animals it was found that chronic consumption of any of the repeatedly heated stud-
ied oils increases the serwm level of the peroxidative producis (TBARS), decreases the antioxidant defense
of the body (serum glutathione peroxidnse and tocopherols) and compromising the liver and kidney func-

tions presented as increase in the seruin hepatic enzymes, decrease in serwm albuwmin and increase in both
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serum creatinine and urea. Pathological changes were found in liver, kidney, colon, .qnd festey of unimals

fed repearedly heated oils. These effects were more pronounced in animals fed repearecffy heated cotton-

seed ol followed by the repeatedly heated mixed oil then the repeatedly heated sunflower oil.

INTRODUCTION

The role of dietary fat and oils in hu-
man nutrition is one of the important are-
as of concern and investigation in the field
of nutritional science. The findings of
these investigations have wide ranging
implications for consumers, health care
providers and nutrition educators, as well
as food producers, processors and distrib-
utors. New evidence concerning the bene-
fits and risks associated with particular as-
pects of dietary fat is constantly emerging
in both the scientific literatures and the
popular media. At times, controversies
about these findings evolve (F.A.O., 1994).
Fats and oils are heated at high tempera-
tures during baking, grilling and frying;
however, deep fat frying is the most com-
mon method of high temperature treat-
ment. Deep fat frying is a popular food
preparation method produces the desira-
ble fried food flavour, golden brown col-
our and crisp texture. Because of the great
consumption of frying oils and fats, the ef-
fects of high temperature on oils and fats
is of major concern both for product quali-
ty and nutrition (Warner, 1999).

Deep fat frying is an important, ubiqui-
tous and highly versatile process, which

has been used since antiquity to cook a
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wide spectrum of products. Its unique
contribution to sensory characteristics, to-
gether with the relatively low cost of
large-scale frying, has made fried foods
the staples of the ever growing late 20th
century fast food industry (Saguy and
Dana, 2003).

The use of oil remains one of the most
povular methods for the preparation of
foods. This is particularly true in Egypt
and the majority of the Arab world where
fallafel (a deep fried vegetable patty)
forms the staple food item in the diet and
is widely available at street level from
vendors (Tewfik et al., 1998).

The purpose of the present work is to
study the effect of heating on oils and the
effect of chronic consumption of repeated-
ly heated oils on experimental animals.

MATERIAL AND METHODS

The most commonly used oils (sunflow-
er, cottonseed, and mixed oils) determined
by a pilot study were chosen for the study.
These oils were purchased from super-
market and were used one time in frying
potatoes chips in aluminum wok for dif-
ferent periods (1/4, 1/2, and 1 hour) , re-
peatedly used 2, 3 and 4 times; each 1/4
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hour and repeatedly used 2 times; each 1/
2 hour. Repeated heating of oils was done
without any topping up (without replen-
ishing the oil in the fryer with fresh oil)
under conditions corresponding to the
normal household frying practices (do-
mestic frying). The effect of heating on oils
was predicted by estimation of the content
of the TBARS in fresh and heated studied
oils according to the method described by
Draper et al. (1993).

The study was carried out on 70 adult
male albino rats with average weight
102.57 + 14.39 gram obtained from animal
house of Mansoura i’aculty of Medicine.
The rats were housed in metallic cages at
room temperature with day and night
light rhythm. After a week of acclimatiza-
tion to the housing conditions, rats were
randomly divided into seven groups; 10
rats each and fed the prepared experimen-
tal diet.

Diets were prepared as a 15 % (W/ W)
mixture of the test oil (sunflower, cotton-
seed or mixed) fresh or heated (repeatedly
heated for 4 times; each 1/4 hour have the
maximum TBARS content) and the ro-
dent chew.

This study used the oil concentration as
15 % in the diet because the fat content of
the potatoes when fried as chips increases
to 7-15 gram fat per 100 gram potatoes
{Fox and Cameron, 1995).
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Classification of animals:

Rats were classified into 7 groups. First |
group of animals was fed oil free diet
(negative control group). Animals were
fed diet containing fresh (non- heated)
sunflower (FS) oil in the second group
(positive control group) , repeatedly heat-
ed (4 times; 1/4 hour each) sunflower (HS)
oil in the third group , fresh (non- heated)
cottonseed (FC) oil in the fourth group
(positive control group, repeatedly heated
(4 times; 1/4 hour each) cottonseed (HC)
oil in the fifth group , fresh (non-heated)
mixed (sunflower and cottonseed) (FM)
oil in the sixth group (positive control
group) and repeatedly heated (4 times; 1/
4 hour each) mixed (sunflower and cotton-
seed) (HM) oil in the seventh group.

Rats were kept on diet for three
months. Rats were sacrificed and dissect-
ed at the end of third month of the study.
Organs (liver, kidney, colon, heart, and
testis) were immediately excised and pre-
pared for pathological studies according
to the method of Stevens (1982).

Biochemical studies :

Blood samples were collected for bio-
chemical studies as heparinized blood
samples prepared by using 0.3 ml heparin
on 2 ml blood (heparin "5000 IU" of Nile
Co. Batch No. 90071) and Serum (blood
samples were centrifuged at 3500 Round
Per Minute (RPM) for 5 minutes on Sigma
2- 15 centrifuge). Samples were kept in re-
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frigerator until the time of biochemical
studies.

Effect on lipid peroxidation was deter-
mined by estimation of "TBARS" in serum
according to method described by Draper
et al. (1993).

Effect on antioxidants was determined
by estirnation of serum glutathione peroxi-
dase (Paglia and Valentine , 1967).

Furthermore, Separation of & -, 0 - to-
copherols using tocopherol acetate as an
internal standard was done by high per-
formance liquid chromatography (HPLC)
using Philips PU 4100 liquid chromatogra-
phy system with 20 pul sample injector
loop. The detector used was a Unicam PU
4225 UV with variable wave length detec-
tion and adjusted at UV 292 nm. The mo-
bile phase was 100% methanol at a flow
rate equilibrated at 0.7 ml / min. The col-
umn used for the chromatographic separa-
tion was reversed phase Spherisorb ODS1
column. Serum was mixed with tocophe-
rol acetate and extracted with n-hexan us-
ing an electric shaker for 5 minutes then
the mixture was centrifuged to separate
the hexan layer. The extract was complete-
ly dried at 40°C and reconstituted with
300 ul of methanol (Liu et al., 2000).

Effect on liver functions was deter-
mined by estimation of serum albumin

(Doumas et al., 1971); Serum aspartate
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aminotrasferase (AST) and Serum alanine
aminotrasferase (ALT) according to the:
method described by Reitman and Frankel
(1957).

Effect on kidney functions was deter-
mined by estimation of both serum urea
and creatinine concentration according to
the methods described by Sampson et al.
(1980) and Heinegard and Tiderstrom
(1973), respectively.

Statistical analysis :

Statistical analysis was done by using
the Statistical Package for Social Science
(SPSS) program version 10, 1999. The fol-
lowing statistical parameters were utilized
arithmetic mean (x) , standard deviation
(SD) , Student t-test and correlation coeffi-
cient. Significance was considered when
p value less than 0.05. ‘

RESULTS

1, Effects of heating on oils:

Results of this study showed that there
was an increase in the TBARS content of
the studied heated oils which was more
rising on increasing the duration of heat-
ing. It was found that the TBARS content
of sunflower , cottonseed and mixed oils
increased significantly in different dura-
tions of heating in comparison to the fresh
oil (Table 1).

Moreover, the repetition of heating was
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much more destructive than the continu-
ous use of the oil (e.g., TBARS content of
oils used for one hour frying session was
less TBARS content of oils used for two
sessions; each 1/2 hour and was much less
than TBARS content of oils used for four
sessions; each 1/4 hour). TBARS content
was found to be increased in heated cot-
tonseed oil more than heated mixed oil
and heated sunflower o0il (Figure 1).

II. Effects ‘of chronic consumption of re-
peatedly heated {four times; each 1/4 hour
(H4/4)} oils cottonseed,
mixed} on experimental animals:

|sunflower,

Serum TBARS was found to be signifi-
cantly increased (p < 0.001) in animals fed
any of the studied heated oils in compari-
son to both the negative and the positive
control groups while, there was insignifi-
cant increase in its value in the positive
control groups (animals fed fresh oils) in
comparison to the negative control group
{animals fed oil free diet) (Table 2).

In comparison to animals in negative
control group, serum glutathione peroxi-
dase was insignificantly decreased in ani-
mals fed fresh oils while significantly de-
creased in those fed repeatedly heated
sunflower oil {p < 0.01) and in animals fed
repeatedly heated cottonseed or mixed oil
(p < 0.001). In comparison to animals of
positive and negative control group, ser-
um glutathione was insignificantly de-
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creased in animals fed repeatedly heated
sunflower or mixed oil while, significantly
decreased in those fed repeatedly heated
cottonseed oil (p <0.001) (Table 3).

Both o - and 8 - tocopherols showed in-
significant difference between positive
and negative control groups (p > 0.05) and
significant decrease in animals fed repeat-
edly heated oils in comparison to negative
and positive control groups. & - tocophe-
rol decreased in animals fed repeatedly
heated cottonseed or mixed oils (p < 0.001)
more than in animals fed repeatedly heat-
ed sunflower oil {p < 0.01) (Figures 2, 3, 4
and 5} and (Table 4).

Results of the present study showed
positive correlation between the TBARS
content of the oil, either fresh or heated,
and the serum levels of TBARS (Figure
10). In addition a negative correlation was
showed between the serum concentration
of TBARS and that of glutathione peroxi-
dase (Figure 11), o - tocopherol (Figure 12)
and & - tocopherol (Figure 13). Whereas
glutathione peroxidase was positively cor-
related with « - tocopherol (Figure 14),
and & - tocopherol (Figure 15).

The present results showed that ani-
mals fed heated studied oils have a signifi-
cantly higher levels (p < 0.001) of serum
ALT and AST in comparison to both nega-
tive and positive control groups. Serum al-
bumin concentration insignificantly in-
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creased in animals fed any of the fresh
studied oils but it decreased significantly
in animals fed heated studied oils special-
ly heated cottonseed oil (Table 5).

Serum creatinine and urea concentra-
tion showed insignificant difference be-
tween positive and negative control
groups (p > 0.05) while they were signifi-
cantly increased in animals fed heated
studied oils when compared to both nega-
tive and positive control groups (Table 6).

Pathological changes were found in liv-
er, kidney, colon, and testes of animals fed
heated oils whereas, the heart did not
show any pathologic effects. Maximum
pathological effects were found in amimals
fed repeatedly heated cottonseed oil then
animals fed repeatedly heated mixed oil
while those fed repeatedly heated sun-
flower oil had the least pathological
changes. These results were correlated
with the biochemical changes associated
with the chronic use of the heated studied
oils.

Lesions in the liver were vaculation of
hepatocytes with areas of lymphocytic in-
filtration and necrosis (Figure 6 ).

The renal pathology appeared in the
form of glomerular and interstitial lym-
phocytic infiltrate with cloudy swelling
which occurred nearly in all animals fed
heated oils. In addition, tubular casts ap-
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peared in those fed repeatedly heated cot-
tonseed or mixed oil and renal tubular ne-
crosis which occurred in one animal only
of those fed repeatedly heated cottonseed
oil (Figure 7).

Erosion of the colonic mucosa occurred
in animals fed repeatedly heated cotton-
seed oil while those fed repeatedly heated
mixed oil had mucosal hyperplasia. De-
generative mucosal changes appeared in
both groups. Chronic colitis was found in
all animals but was maximally and pre-
sented as follicular colitis in animals fed
repeatedly heated cottonseed oil with hae-
mosidrin inside the macrophages indicat-
ing recurrent bleeding (Figure 8 }.

Testicular pathology presented as hypo-
spermatogenesis with degenerated sper-
matogonia and accumulation of spermatid
debris in animals fed repeatedly heated
cottonseed or mixed oil ( Figure 9).

DISCUSSION

Because of concern about the types of
changes that take place in fats during oxi-
dative and thermal deterioration, many
chemical and biological studies have been
carried out (Alexander, 1981). The use of
0il remains one of the most popular meth-
ods for the preparation of foods. This is
particularly true in Egypt and the majority
of the Arab world where fallafel (a deep
fried vegetable patty) forms the staple
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food item in the diet and is widely availa-
ble at street level from vendors (Tewfik et
‘al., 1998).

The increased TBARS content of the
studied heated oils in this study which
was more rising on increasing the dura-
tion of heating coincide with observations
in other studies on heated sunflower oil
(Eder and Stangl, 2000) and heated cotton-
seed oil (El - Mehallawi et al.,2000).

The increased level of TBARS in oils fol-
lowing repetition of- heating more than
continuous heating in the present work is
in agreement with Andrikopoulos et al.
(2002). This may be explained by that at a
high temperature (during continuous
heating) the water is lost more quickly
producing a steam blanket over the frying
kettle and protect the fat against atmos-
pheric oxygen (Alexander, 1981). FAO
(1994) stated that the continuous use pro-
vides a protective water vapour blanket
that protects against oxidation.

Results of the present work revealed
that the cottonseed 0il was exposed to the
deteriorative effect of heating more than
the mixed oil and the sunflower oil, as in
the study of Abdel -Khalek and Abdel -
Rahman (1996). The lower TBARS con-
tents found in sunflower oil than in cot-
tonseed oil is in contrast with the fact that
sunflower oil contains more polyunsatu-
rated fatty acids (Gutebrie et al., 1995).
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This agree with the concept that fat high
in monoenes may be considerably more
toxic than more highly unsaturated fats
when heated under the same conditions
(Alexander, 1981) and support the opinion
that fatty acid unsaturation of dietary oils
is not the only determining factor of the
antioxidant capacity. Therefore, the opti-
mal balance between the content of unsat-
urated fatty acids and natural antioxidants
in dietary oils appear to be of major im-
portance (Scaccini et al., 1992). Moreover,
recent work suggest that the benefits oc-
curred by lowering polyunsaturated falty
acids could be lost if the levels of anlioxi-
dants such as tocopherols are reduced (Bo-
tha et al., 2003).

The significantly increased serum
TBARS in animals fed heated studied oils,
is in harmony with Liu and Huang (1995).
Increased serum TBARS may be due to ab-
sorption of TBARS from the heated oil in
the gastrointestinal tract or due to peroxi-
dation of plasma lipids (Sheehy et al,
1994). The results of present study showed
positive correlation between the TBARS
content of the oil, either fresh or heated,
and the serum levels of TBARS in accor-
dance with the findings of Nwanguma et
al. (1999).

In our study, the significant decrease in
serum glutathione peroxidase in animals
fed heated studied oils coincide with Nar-
asimhamurthy and Raina (1999). In fact,
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glutathione peroxidase enzyme activity is
influenced by severa! factors like heating
and frying conditions, nature of fat, extent
of peroxidation, presence of antioxidants,
duration of feeding and the degree of un-
saturation of the diet (Maraschiello et al.,
1999).

In addition , the study showed signifi-
cant decrease in both a - and 0 - tocophe-
rols by feeding heated studied oils in com-
parison to negative and positive control
gro'upé'in agreement with findings of Liu
and Huang (1995). The reduced levels of
a - tocopherol could be due to the distruc-
tion of a - tocopherol in the gastrointesti~
nal tract by free radicals present in the
heated oil. Another possibility could be
that o - tocopherol in plasma is oxidized
by peroxyl radicals or lipid hydroperox-
ides absorbed from the diet. Diet supple-
mentation with o - tocopherol acetate re-
duced tissue susceptibility to lipid
peroxidation with varying degrees de-
pending on the tissue (Sheehy et al.,, 1994).

The significant negative correlation be-
tween the serum TBARS and that of glu-
tathione peroxidase, o - tocopherol and 8 -
tocopherol, and the positive correlation of
glutathione peroxidase with o - tocophe-
rol, and & -:tocopherol are in harmony
with Eder and Stangl (2000), and Liu et al.
(2000).These results are expected as the
lipid peroxidation is a suitable index to
evaluate vitamin E requirements. On the
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other hand, Maraschiello et al. (1999) ob-
served a negative relationship between
glutathione peroxidase activity and tissue
levels of o tocopherol and a positive rela-
tionship was evidenced between TBARS
and the antioxidant enzyme activity. The
biochemical mechanism of interaction be-
tween glutathione peroxidase and vitamin
E has remained a fascinating question. Al-
though selenium could prevent some, but
not all, of the symptoms of vitamin E defi-
ciency, vitamin E do not replace glutathi-

-one peroxidase in protecting from acute

peroxidative stress (Cheng et al., 1999).

The higher levels of serum ALT, AST ,
creatinine and urea as well as lower serum
albumin concentration in the present
study is in contrast to the study of Eder
and Stangl (2000) which revealed no effect
of thermoxidized sunflower oil, on plasma
biochemical variables (ALT, AST, albu-
min, creatinine, and urea) but their experi-
ment period was shorter than that of the
present work. The lower serum albumin
in this study can be explained by the fact
that; almost all amino acids react with pri-
mary and secondary products of oxidized
lipids, thereby decreasing the digestive
utilization of protein, amino acids (Neil-
sen et al., 1985).

Histopathological examination of albi-
no rat organs in this study revealed that
animals fed heated studied oils had patho-
logical changes in liver, kidney, colon, and
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testes whereas, the heart did not show any
pathologic effects. Maxirnum pathological
effects were found in animals fed repeat-
edly heated cottonseed’ oil then animals
fed repeatedly heated .mixed oil while
those fed repeatedly heated sunflower oil
had the least pathological changes. These
results were correlated with the biochemi-
cal changes associated with the chronic
use of the heated studied oils.

The pathologicat lesions in the liver and
kidney coincide with those found in the
study of Alexander (1987). Burk et al
(1995} concluded that depletion of glutath-
ione in the liver and kidney leads to necro-
sis in these organs associated with evi-
dence of lipid peroxidation.

The enhancement of cell proliferation
induced by heated polyunsaturated oil
may be caused by non specific tissue inju-
ry and the irritating effects of free fatty ac-
ids and their oxidation products (Bruce,
1987).This may explain mucosal hyperpla-
sia occurred in animals fed repeatedly
heated mixed oil in the present study.

The pathological changes in testes may
be attributed to the rapid and continuous

cell turnover in testicles, which render

them sensitive to stimuli such as chemical
agents arising from thermally oxidized
fats. Dysfunctional Sertoli cells may be
causative factor of decreased primary and
secondary spermatogonia, because these
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cells function to organize the germinal epi-
thelium and regulate the cyclic production
of sperm in the tubules. Injury of stem
cells may also be an etiological factor as
these cells are responsible for somniferous
tubules renewal (Alexander, 1987). Hypo-
spermatogenic effect of long term con-
sumption of repeatedly heated oils may be
explained by a change in spermatozoa
membrane fluidity, which is a major con-
sequence of lipid peroxidation. Change in
fatty acid composition of phospholipids of
sperm membrane by reactive oxygen spe-
cies may be another cause of hyposper-
matogenesis (Zalata et al., 1998).

CONCLUSION
& RECOMMENDATIONS

In conclusion deteriorative effect of
heat on dietary oils increases by increasing
the duration of oil use and the repelition
of heating is much more destructive than
the continuous use of the oil .In addition
chronic consumption of any of the repeat-
edly heated studied oils increases the ser-
um level of the peroxidative products
(TBARS), decreases the antioxidant de-
fense of the body and compromising the
liver and kidney functions in experimental
animals. These effects were more pro-
nounced in animals fed repeatedly heated
cottonseed oil followed by the repeatedly
heated mixed oil then the repeatedly heat-
ed sunflower oil. According to the results
of this study it is recommended that fry-
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ing should be avoided as much as possible
and be replaced by other methods of cook-
ing and frying oil must not be overheated
and must be changed frequently. In addi-
tion it is better to use sunflower oil in fry-

Mansoura J. Forensic Med. Clin, Toxicol.

52

ing as it showed better tolerance to effect
of heating than mixed and cottonseed oil.
Human risks can be modulated by reduc-
tion of fried food consumption or food for-
tification with synthetic antioxidants.
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Table ( 1 ): Comparison of TBARS content { nmol / mi ) in the fresh and repeatedly healed
sunflower , cotton seed and mixed oils.

Fresh H1/4 H 2/4 H 34 I a/4 H1.2 H 272 H 1
(once) (twice) (three times)y | (four times) (once) (twice) {once)
N Meant 118 1.54 572 715 9.06 2.92 6.92 407
4 +SD | +0.029 +0.15 +0.088 +0.038 +0.059 +0.075 +0.106 +0.007
e B T 4.78 R.12 10.1 20.1 5.1 95 7
e
@ P 0.017* <0.001%%* <0.001*** <0001°** | <0001*** | <000!*** | <0.001°**
= Mcan | 5.53 6.31 945 12.72 ~16.66 9.57 12.08 10.47
& + SD +0.023 +0.14 +0.92 +0.15 + 1.69 +0.18 +0.068 +0.004
§ ] T 5.22 8.95 10.23 12,19 8.1 0.1 9.1
S P 0.014° <0.001*** <0.001°%* <0.001°"* | <0001%** | <0001°** | <0001°*
Mean s 5,62 754 .45 n.72 598 7.55 695
o +SD |+013 +0.23 %016 +0.51 +086 +0.026 +0.27 +0.003
g =T o1 N 13 135 93 07 0.1
P <0.001**F <0.001*** <0.001%** <000I*** | <0.001°** | <0001*** | <0001°"

Insigunificant when p > 0.05.
() Highly significant when p <0.01.

() Significant when p <0.05,
(") Very highly significant when p <0.001

Table ( 2 ) The statistical comparison of the serum TBARS concentration (nmol/ml) in animals after
chronic consumption of the fresh or repeatedly heated studied oils.

Control FS HS FC HC FM HM
Mean 1.45 313 6.39 4.4% §0.33 4.33 9.02
;“.SD + 0.85 + 0.78 + 0.89 + 1.03 + 2.22 + 0.67 + 0.97
T, 0.76 6.82 1.93 10.1 1.94 1351
P, 0.45 <0.001" 0.054 <0.001 0.053 <0.001"
T, 7.11 7.53 12.54
P, <0.001 <0001 <0.001

Insignificant when p > 0.05.
(") Highly significant when p <0.01.

() Significant when p <0.05.
(") Very highly significant when p <0.001

Tabie ( 3 ) :The statistical comparison of the serum glutathione peroxidase concentration (U/L) in
animals after chronic consumption of the fresh or repeatedly heated studied oils.

Control FS HS FC HC Fv HM
Mean 14187 1281.6 1132.7 1147.8 575.4 119t i04).7
| +SD + 208.42 + 218.46 + 213.05 + 218.67 + 13688 | + 191.96 + 202.22
T, 1.43 3,58 1.79 10.1 1.7} 49
P, 0.16 0.002" 0.09 <0.001 0.1 <0.001
T, 1.55 5.91 1.71
P, 0.13 <0.001 0.105
Insignificant when p > 0.05. { ) Significant when p <0.05.

(") Highly significant when p <0.01.
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Table ( 4) : The statistical comparison of both serum e-tocopherol and serum &-tocopherol concenntanon
(Ug/ml) in animals after chronic consumption of the fresh or repeatedly heated studied oils.

Control FS HS FC HC FM HM |
Mean | 21.43 20.74 15.27 18.95 9.01 193 10.96
g S [ +SD + 2.1 + 2.45 + 1.93 + 242 + 2.2 + 24 + 2,13
el [T 0.68 5.7 2.03 9,24 1.99 12.06
28 | p 0.51 <0.001 0.07 <0001 0.08 < 0.001
28 57 10.22 10.02 6.86
P, <0001 <0.001 < 0,001
Mean 5.79 5.65 387 4.39 1.46 4.96 2.42
L7 | xSD + 1.38 + 156 + 0.99 + 0.77 +0.67 + 0.99 + 0.68
E & To 0.2 3.58 1.63 8.12 1.95 0.9}
28 P, 0.83 0.002" 0.117 <0.001 0.052 <0.001
28 T 3.97 6.91 5.04
P, <0.001 <0.001" < 0,001

Insignificant when p > 0.05.

{7 ) Mighly slgnificant when p <0.65.

() Slgnificant when p <0.05.

(") Very blghly significant when p <0.001

Table ( 5): The statistical comparison of serum ALT (U/L), serum AST (U/L) and serum albumin (gavdl)
in ammals after chronic consumption of the fresh or repeatedly heated studied oils.

Control F5 HS FC HC FM HM
| Mean 11.76 1257 21.98 14.48 an 13.95 3088
e | 5D £ 21 + 251 548 + 28 + 1087 £ In <1
5 2 0.76 | §.0% 1.9 8.82 L9 7.3
g k[ 0.45 <0001 0.054 <0001 0.039 T
'i T 5.94 852 65
| P <0.001 <0.001 <0001
~ Mean 10.75 11.43 2.0 13.74 39,95 12,78 32.03
. =| %SO + 217 + 241 L ) + 298 +9.3 + 289 + 107
§2) T n66 7.4 1.88 .66 178 9.00
‘E s; Fy 0.51 <0.001"" 0.72 <0.001"" 0.92 <0001
< T, 7.28 917 B.12
Py < 0.001_ <0001 <0001
= alean 532 5,75 441 5.42 418 5.4 T
% *50 > 087 + 126 + 084 + 074 + 082 + 08 £ 093
£ T 0.88 238 0.28 3.005 0.218 2168
“F P, 038 0,029 0.78 0.008 0.83 0.015°
é Ty 28 334 3.99
P, 0.012° <0001 0.008

Non significant when p > 0,05.
{ ) Highly significant when p <0.01.

( ") Significant when g <0.0%.
(") Very highly significant when p <0.001

Table ( 6 ) : The statistical comparison of both serum creatinine concentration and serum urea concentration (mg/dl})
in animals after chronic consumption of the fresh or repeatedly heated studied oils.

Control FS s FC HC Fit HM
Mean | 049 0.53 0.66 0.67 1.22 0.57 0.98
¢ | +SD 0.07 + 0.13 + 0.1 + 0.45 +0.29 + 0.09 + 021
Ez T 0.94 4.6 1.74 7.74 1.63 7.05
g8l P 035 <0001 0098 | <0001 0.117 <0001™
S| T 2.22 5.34 6.7
P 0.039° <0001 <0001
Mean | 12.24 13.36 17.28 14.67 3082 13.49 24.56
b +8D + .69 + 3.31 + 34 + 3.8 +7.26 + 22 + 5.25
2 T, 0.95 3.03 1.71 9.75 1.42 7.06
£ Py 0.35 0.007" 0.099 <0.001 0.17 <0.0017"
g T 295 4.34 5.7
P, 0.008" <0.000 <0.001

Insignificant n when p > 0.05.
(") Highly significant when p <0.08.  ~ (

Mansonra J. Forensic Med. Clin. Toxicel.

() Significant when p <0.08.
} Very hlghly signtficant when p <0.001
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Fig. (1): Comparison of TBARS content in fresh and repeatedly heated sunflower, cot-
tonseed, and mixed oils.
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Fig. (2) : HPLC chromatograph for to- Fig. (3) : HPLC chromatograph for tocophe-

copherol standards. (I. & - rols in serum of rat fed heated sun-
tocopherol, 2. o -tocopherol, 3. flower oil. ( 1. 8 -tocopherol , 2. &
Tocopherolacetate). - tocopherol, 3. Tacopherolacetale).

Fig. (4) : HPLC chromatograph for To- Fig. (5) : HPLC chromatograph for tocophe-

copherols in serum of rat fed rols in serum of rat fed heated
heated cottonseed oil. (I. 8- mixed oil . ( 1. & - tocopherol , 2.
tocopherol, 2. a - tocophciol, 3. o - tocopherol, 3. Tocopherolace-
Tocopherolacetate). tate).
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g, {(6) i -Section in liver of rats fed repeatedly heated cottonseed oil . it shows mild vacula-
tion and focal confluent necrosis with apoptotic bodies. (Hx & E x 100).

Fig. (7). : Section in kidney of rats fed repeatedly heated cottonseed oil. It shows
cloudy swelling with intersiitial lymphocytic infiltrate: (Hx & E x 100).

‘Mansowre f. Forensic Med,.Clin. Toxicol. : Vol. Xl No.1, Janwary 2005
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Fig. (8): Section in colon‘of-ratsi fed repeatedly heated eottonseed oil. It shows follicular
colitis. (Hx & E x 100).

Fig. (m&non in testis of rats fed repeatedly heated cottonseed oil. It shows hypospes-
is with spermatid debris inside the lumina..(Hx & E x100).
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Fig. (10) : The statistical correlation be-
tween the oil content of TBARS and serum
concentrations of TBARS.
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Fig. (12) : The statistical correlation be-
tween serum concentrations of TBARS and
o - tocopherol,
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: The statistical correlation between

serum concentrations of TBARS and glutathi-
one peroxidase. :
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Fig. (13) ; The statistical correlation between
serum concentrations of TBARS and & - to-
copherol.
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Fig. (14) : The statistical correlation be-
tween serum concentrations of glutathione
peroxidase and o - tocopherol.
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Fig. (15) : The statistical correlation betiveen
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dase and & - tocopherol.
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