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Abstract: Tt has long been known that frequent oral exposure to insect- infested flour run an increased risk of
many diseases, including cancer, kidney failure etc in experimental animals. The susceptibility to all of these
diseases may be a consequence of superimposed oxidative stress due to lack of defensive mechanisms. In
concern with this hypothesis, the present study was carried out to assess the influence of feeding insect-
mnfested wheat flour on the oxidant and antioxidant status in rats. Wheat flour samples were mfested with
Tribolium confusum for eight weeks then introduced immediately mn feeding the rats for ten weeks. During the
feeding period, blood samples were drawl for hematological studies periodically after each two weeks. The
obtained data revealed that activities of antioxidant enzymes GSH-Px and GSH-R were found lower in the
erythrocytes of rats feeding msect-infest wheat flour. By ten weeks of feeding the infested flour, the lowering
ratios in these enzyme activities were 9.27 and 32.09% respectively. The GSH/GSSG ratio in plasma, which
provide a sensitive index of whole body oxidative stress, were lower significantly and recorded 5.29 £1.35.
Plasma levels of antioxidant vitamin (vitamins A, C and E) were also significantly lower in plasma of rats feeding
insect-infested wheat flour for ten weeks of feeding the infested flour and the lowering ratios for these vitamins
level were 38.25, 37.49 and 43.21%, respectively. Additionally, levels of oxidants in plasma, TBARS, nitrite (NO,)
and mtrate (NO;), were higher by the ratio of 124.92, 188.97 and 178.35%, respectively. Results suggested that
enzymatic antioxidant defence system of erythrocytes was depressed and the erythrocytes were exposed to
oxidant stress due to insect-infested flour feeding. Increased plasma TBARS, NO, and NO; levels indicated that
not only erythrocytes but also some other tissues and cells might be exposed to the radical stress by insect-
infested flour. Feeding insect-infested flour also caused significant changes in the levels of antioxidant vitamins
partly protected erythrocytes against such harmful effects of feeding on infested flour by scavenging free

radical species and by activating or mducing antioxidant enzymes.
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Introduction

Flour beetle Tribolium confusun:, is represent a specie of
insects belong to the very large family, Tenebrionidae, of
which more than ten thousand species are known. Tt is a
pest of stored cereals and products made from them. It
has been spread all over the world meluding Egypt and 1s
the commonest beetle found in bran, flour, rice, ground-
nuts and other stored products. The life listory of
Tribolium confusum 1s shown and summarized mn Fig 1.
The white oval eggs (a) are laid singly or in small batches
mn the flour (400 - 500 eggs during life history) and they
hatch 1n about a fourth night mtoe elongate, yellow larvae
with six legs (b). The larvae’s are transferred and formed
pupas (C), which are hatched to gave the adults (d). The
adult 1s reddish brown and slightly less than a quarter of
an inch in length. Tt could be lived for one year or more
and there may be five generations a year. The period of
generation 15 in the range 5-7 weeks under the optimal
conditions i.e temperature, 25°C and humidity, 60%.
Therefore, it can merease rapidly in numbers if it once
mnfests a store or pantry. (Skaife, 1978).

b

The life history of confused flours beetle
Tribolium confusum

Fig 1:

It has long been known that frequent oral exposure to
insect- infested flour run an increased risk of many
disease including cancer and kidney failure. For example,
the force feeding flour infested with Tribolium sp. and
biscuits made of this flour, mduced the formation of
hepatocellular carcinomas in 22% of the experimental toad
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(Bufo regularis) and also induced liver, spleen and breast
tumors n35.2% of the expenmental Swiss albmo mice (El-
Mofty et al, 1988, 1989 and 1992). Also, severe
malfunctions were observed in the liver and kidney of rat
as fed insect-infested wheat flour for 4 weeks (Abd El-
Hameed, 2001). Therefore, much research has been
devoted to identifying and characterizing the compounds
responsible for the all of these adverse effects resulted
from insect—infested flour. Our previous studies and
others indicated that almost of these compounds include,
polycyelic aromatic hydrocarbons (PAH) and their
derivatives, quincnes, uric acids, fat oxidation and its
oxidative rancidity products, malonaldehyde (MDA),
trans fatty acids etc. (Pagani et al., 1994; Ghaedian and
Wehling, 1996, Nasr, 1998; Elhassaneen and Tawfik, 2000
and Abd El-Hameed, 2001).

One of the most useful theories to explain some
mechamstic aspects of these chemical mutagenesis and
carcinogenesis is the theory of toxification, ie. the
formation of reactive metabolites by enzymes and the
covalent linkage of these activated intermediates with
cellular macromolecules to imtiate the carcimogenic
process (Varanasi, 1989). Although the intermediate
pathway of toxification for PAH has received wide
acceptance, many other pathways and mechanisms have
been suggested. For example, chemical toxification via the
free-radical pathway has received much attention with
long time ago. In this regard, studies from the laboratory
of Ts’o are interesting, they propose that toxic quinones
of PAH 1e., secreted by the defensive gland of flour
beetles owe their activity to oxidation-reduction cycles
mvolving quinone, hydroquinene and molecular oxygen
(Ladisch et al., 1967 and Lorentzen and Ts’o, 1977). The
reactive reduced oxygen radicals and semiquinone
radicals formed during these cycles have been shown to
be implicated m the pathogenesis of many diseases,
including coronary heart diseases and cancer (Halliwell,
1987).

The primary defense protecting the biological systems
against the potentially harmful effect of free radicals 1is
provided by antioxidants. Therefore, in the present study,
we mvestigated whether oral exposure to insect-invested
wheat flour can be affected in the blood oxidants and
antioxidants status of rats.

Materials and Methods

Materials and instruments

Flour samples: Fresh wheat flour samples (commercial
Red-American wheat, 72% extraction) were obtained from
the Gharbia Mills Company, Holding Company for Rice
and Flour Mills (HCRFM), Ministry of Supplies, Egypt
and stored immediately on the refrigerator at 0 °C until
using in infestation experiments.

Insects: Specimens of Choetospila elegans Westw.
(Hymenoptera: Pteromalidae), biological
monitoring, were obtamed from Agricultural Research
Center, Mimstry of Agriculture, Giza, Egypt. Flour beetles
Tribolium confusum (Tenebrionidae: Coleoptera), were
collected from the infested wheat present in open Shouns
proper to the Holding Compeany for Rice and Flour Mills
(HCRFM), Mimstry of Supplies, Egypt.

used for

Rats: Four to 5 week-old male albino rats of Sprague
Dawley, weighing 140 + 17 gm (Males sex) were obtained
from Helwan Research Station, Vaccines Association,
Ministry of Health and Populations, Cairo, Egypt were
housed in an environmentally controlled animal facility
operating on a 12 h dark/light cycle at 24-26°C.

HPLC system: Throughout this study a SP Thermo
Separation Products Liquid Chromatograph (Thermo
Separation products, San Jose, CA, USA) was used with
a pump Consta Metvic 4100, a Spectra Series AS100,
Spectra System UV 1000 UV/Visible Spectrophotometer
Detector, Spectra System FL, 3000 and a PC 1000 system
software. The columns used (Alltech, Baltimore, USA)
were a reversed-phase water Adsorbosil C; (5 pM, 100
mm % 4.6 mm I.d.) for vitamin C normal Ultrasphere Si (5
oM, 250 mm x 4.6 mm I.d) for vitamins A andE and a
reversed-phase water Spherosorb ODC-2 (3uM; 150 mm
x 4.6 mm1.d.,) for GSH and G383 analysis.

Biological experiments

Flour infestation treatment: To ensure that the flour
samples were not already infested and contained no
residual pesticides, biological monitoring was first carried
out such as mentioned by Domenichini ef al. (1994). For
residue testing, ten specimens of C. elegans were placed
1n petri dishes contaimng samples of the flours to be used
in the experiments. Almost all the Hymenoptera were
survived over a period of two weeks. For imnsects residue
investigation, five samples of flowr to be used in the
experiments (100 gm per each) were placed in petri dishes
and incubated at 25°C with 60% humidity. Over a period
of five weels, all of these dishes were examined by using
lens (20 X) and were free against insect’s residue.
Thirty-five 2 kg samples of wheat flour were placed in 5
liters plastic jars covered with 0.5 mm nylon netting.
Larvae of Tribolivm confusum were mtroduced into the
thirty jars (100 adult per each) and five jars, not infested,
were kept as control. The jars were kept during the
infestation period at 25°C, 60% relative humidity and 12 h
light m 24 h. After eight weeks of infestation, all jars were
sieved to recover the insects and then used in preparing
the diet for rats feeding.
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Rats feeding: The experiments were conducted in
accordance with the provisions of the “Guide for Care and
Use of Laboratory animals” NIH (1985). Sixty-four animals
were distributed in 15 cages (4 rats per cage) and the rest
4 rates were used as a zero time animals. The cages of
ammals were divided into three major groups (5 cages per
each) and fed with different diets as follow: the first group
(untreated control negative) was fed with the basal diet
consists of casein 10%, corn o1l 10%, vitamin mixture 1%,
salts mixture 4% and starch up to 100%; the second group
(untreated control positive) was fed with the basal diet
after substituted the starch by the un-infested wheat flour
and the last group (treated) was fed with basal diet after
substituted the starch by the infested wheat flour. The
vitamin and salt mixture were prepared according to
Campbell (1963) and Hegested et al. (1941), respectively.
After each two weeks of feeding, one cage from each
group was drawl for hematological studies and the
experiments were terminated after 10 weeks.

Hematological analysis

Blood sample preparation: Blood samples were withdrawn
from rats into glass centrifuge tubes, in which there was
oxalate solution (1.34%) as anticoagulant. After
centrifugation at 3000 rpm for 10 min., plasma was draw off
and used for the analysis of blood lipid parameters and
vitamins. Frythrocyte residue were washed with three
successive portions of sodium chloride solution (0.9%)
and then haemolysed with deionised water for 30 min.
Haemolysate was then centrifuged at 3000 rpm for 30 min.
and the supernatant fractions was transferred to a clean
test tube and for the analysis of antioxidant enzymes
Stroev and Makarova (1989).

Antioxidants: GSH-Px, GSH-Rd activities were measured
as described by Splittgerber and Tappel (1979) and ICSH
(1979), respectively. While Glutathione (GSH) and oxidized

glutathione (GS3S3) were measured by HPLC
chromatography such as described by McFarris and
Reed (1987).

Vitamins: All vitamins (A, C and E) were extracted
according to the methods (Epler et al., 1993; Moeslinger
et al, 1994 and Hung et al, 1980, respectively). The
chromatographic conditions for Vit. C were flow rate, 1 ml
min~'; detection, UV absorption at 254 nm, volume of
injection, 20 ul; temperature, room temperature and mobile
phase composition was an isocratic system of 100%
methanol while in Vit. A and E were flow rate, 1. 5mlmin™";
detection, UV absorption at 265 mm, volume of injection,
20 pl;, temperature, room temperature; and the mobile
phase composition was an isocratic system of
isopropanol : hexane (1:99).

Oxidants: TBARS and nitrite/nitrate levels were measured
as described by Stroev and Makarova (1989) and Misko
et al. (1993), respectively.

Results

Changes in antioxidant enzyme activities (MeantSD) in
erythrocytes and glutathione fractions level in plasma of
rats were fed wheat flour infested with Tribolium
confusum were given in Table 1. As seen from such data,
GSH-Px and GSH-R activities were significantly lower in
the erythrocytes of rats feeding insect-infest wheat flour.
By ten weeks of feeding the infested flour, the lowering
ratios in these enzyme activities were 9.27 and 32.09%
respectively. The GSH/GSSG ratio in plasma, which
provide a sensitive index of whole body oxidative stress,
were lower significantly and recorded 5.29+1.35 after ten
weeks of feeding with the infested flour. According to Di
Giulio (1991), in the healthy cell, the ratios of GSH/GSSG
1s typically very hugh (>10).

Plasma levels of vitamins A, C and E were significantly
lower in plasma of rats feeding insect-infest wheat flour
(Table 2). By ten weeks of feeding the infested flour, the
lowering ratios m these vitamins level were 38.25, 37.49
and 43.21, respectively.

Oxidants level, TBARS and nitric oxides (nitrite, NO, and
nitrate, NO,), in plasma of rats were fed wheat flour
infested were given m Table 3. Extremely higher
concentrations of these oxidants were established as a
concomitant reduces in enzymatic and nonenzymatic
antioxidants. By ten weeks of feeding the infested flour,
the mcreasing ratios in TBARS, NO,/NO, and NO, levels
were 124.92, 194.51and 178.35, respectively.

Intra correlation analyses of data indicated that positive
correlation’s were observed between the GSH fractions
and vitamins as a consequence of feeding the insect-
infested flour (Table 4). The oxidants (TBARS and nitric
oxides) recorded negative correlation’s with GSH/GSSG
ratios (Table 5). Also, the most important correlation’s
established were between all oxidants and antioxidant
vitamins, which were negative for all relations (Table 6).

Discussion

It has long been known that frequent oral exposure to
nsect- nfested flour run an mereased risk of many
diseases including cancer and kidney failure (El-Mofty
et al., 1988; 1989 and 1992 and Abd El-Hameed, 2001).
Therefore, much research has been devoted to identifying
and characterizing the compounds responsible for the all
of these adverse effects resulted from insect-infested
flour. Our previous studies and others indicated that
almost of these compounds mclude, polycyclic aromatic
hydrocarbons (PAH) and their derivatives, quinones, uric
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Table 1:  Changes in antioxidant enzyme activities (Mean +8D) in
erythrocytes and glutathione fraction levels in plasma of rats
were fed wheat flour infested with Tribolium confitsum

Glutathione fractions

Feeding

Period GSH-Px GSH-R GSH GSS G GSHGSSG

(Week) (IUg 'Hb) (U g Hb) (pmol LY (umol L!)  ratio

Group I 34.73£2.45 13.26+£1.80 835+0.58 0.653+0.039 12.8&1.50

0
2 34.6441.35 13.20+0.93 7.72+40.47 0.662+0.020 1167071
4 34.48+0.51 13.17+0.80 816+1.02 0.667+0.010 12231.65
6 34.57+1.18 12.61+1.11 7.55+0.63 0.622+0.057 1217205
8 34.64+1.03 12.87+0.25 7.70+0.28 0.707+0.044 10.90:036
10 34.59+1.63 12.84+1.61 8.04+0.64 0.678£0.030 11.85:0.54
GroupIl 0 34.73+2.45 13.26+1.80 835+0.58 0.653+0.039 12.8#1.50
2 34.38+1.14 12.72+1.00 7.37+0.12 0.747+0.078
4 3407044 1214118 7.32+0.16 0.790£0.070 933097
6 34.36+0.46 12.48+0.37 6.85£0.80 0.727+0.065 947133
8 34.03+2.59 12.21+1.66 7.34+0.04 0.700+0.011 1048021
10 33.964+0.88 12.36+0.52 7.03%0.52 0.753+£0.054 938£1.07
GroupIIT O 34.73+2.45 13.26+1.80 835+0.58 0.653+0.039 12.8#1.50

9.9551.08

2 33.69+1.58 11.20£1.37 6.66+£0.48 0.799+0.031 835081
4 32.92+0.84 10.90+0.80 6.47+0.77 0.885+0.071 734107
6 3237£0.98 077+1.50 5.97£0.30 0.919+0.083 653039
8 33.11+1.30 10.74£1.07 6.12+0.47 0.896+0.056 687050
10 31.01+£2.49 9.01£1.24 5.21+0.37 1.03:£0.260 5204135
Statistical analysis
I * p<0.0148  p<0.0019 p<0.0001  p<0.0001
I p<0.0001  p<0.0001 p<0.0001 p<0.0001  p<0.0001
LI p<0.0008  p<0.0001  p<0.0001 p<0.0001  p<0.0001
* Non significant (P>0.05).
Table2:  Changes in antioxidant vitamin levels (Mean £SD) in plasma of
rats were fed wheat flour infested with Tribolium confiisum
Feeding Vitamin A Vitamin C Vitamin E
Period (Week) (umol ™Y (umol L™YH (umol LY
Group I 0 1.26+0.14 46.99+1.46 22.51+2.39
2 1.20+0.11 44, 06+1.06 20.07+1.52
4 1.22+0.07 40,85+4.23 20.48+0.94
3] 1.254+0.09 39.55+£3.34 20.49+1.52
8 1.18+0.05 45.46+3.86 18.50+2.95
10 1.224+0.11 44, 864+3.27 19.43£1.50
Group 1T 0 1.26+0.14 46.99+1.46 22.51+2.39
2 1.08+0.05 40,85+1.94 1881+£1.17
4 1.07+0.05 38.52+£2.75 18.23+0.62
[ 1.00+0.11 41.4242.76 16.61+£2.13
8 1.08+0.01 35.34+4.38 16.85+1.97
10 1.06+0.02 38.32+£3.00 17.79+0.45
Group 1T 0 1.26+0.14 46.99+1.46 22.51+2.39
2 0.96+0.05 34.99+£3.09 16.42+1.94
4 0.90+0.06 32.36+3.51 16.25+1.07
3] 0.85+£0.02 29.46£3.65 14.02+1.90
8 0.8440.07 26.86+3.70 15.30+2.18
10 0.78+£0.06 26.69+£2.41 14.07£1.40
Statistical analysis
I p<0.0001 p<0.0004 p<0.0005
I p<0.0001 p=0.0001 p=<0.0001
II-IIT p=0.0001 p<0.0001 p=0.0003

Group T: Untreated control negative, Group IT: Untreated control positive,
Group III: Treated group with infested flour

acids, fat oxidation and its oxidative rancidity products
(ORP), malonaldehyde (MDA), trans-fatty acids etc
(Pagani et al., 1994, Ghaedian and Wehling, 1996, Nasr,
1998 Elhassaneen and Tawfik , 2000 and Abd El-Hameed,
2001).

Exposure to almost of these compounds mecluding are
assoclated with the development of cancer in mammals,

Table 3: Changes in oxidant levels (Mean =8T) in plasma of rats were fed
wheat flour infested with Tribofitm confisum

Feeding TBARS NO? NO,MNO,
Period (week) (nmol mI™") (nmol L™ (nmol L™Y
Group 1 0 0.9040.05 2.42+0.53 4,554+0.94
2 0.98+0.05 2.9440.55 4.95+(0.54
4 0.99+0.03 2.38+0.29 3.97€1.73
6 0.88+0.15 2.83+0.72 4. 73+£0.57
8 1.00+0.01 2.49+0.39 5.12+0.77
10 0.97+0.11 3.10£1.01 5.12+0.54
Group 1T 0 0.90+0.05 2.42+0.53 4.55+0.94
2 1.12+0.09 3.16+0.35 6.50+1.84
4 1.1340.08 2.86+0.35 6.94+1.53
6 0.99+0.11 2.88+0.22 7.12+1.21
8 1.13+0.02 3.25+0.57 6.00+£0.59
10 1.19+0.06 3.44+0.60 6.92+1.20
Group ITT 0 0.90+0.05 2.42+0.53 4.55+0.94
2 1.2840.31 3.69+0.52 11.614£2.35
4 1.34+0.28 4.67+1.28 11.49+1.13
6 1.64+0.14 4.46+0.47 14.90+2.49
8 1.66+0.24 6.07+1.24 10.78+1.71
10 2.02+0.08 6.75+1.30 13.404+0.97
Statistical analysis
- p<0.0001 " P<0.0001
-1 p<0.0001 p<0.0001 P<0.0001
-1 p=0.0001 p<0.0001 P<0.0001

* non significant (p>0.05)

Table 4: Tntra correlation anatysis between antioxidant enzyme activities,
glutathione fractions level and plasma vitamins level of the groups

Parameters Group 1 Group I Group 1
GSH-Px/Vit A ne. ne. n.c.
GSH-Px/Vit C ne. ne. n.c.
GSH-Px/Vit E n.c. -0.531 n.c.
GSH-R /Vit A 0.449 n.c. 0.535
GSH-R/VitC ne. 0.483 n.c.
GSH-R/VitE ne. ne. 0.540
GSH/Vit A n.c. 0.746 0.816
GSH/Vit C n.c. n.c. 0.593
GSH/VitE ne. ne. 0.764
GS8GIVit A ne. ne. n.c.
GS3G/NVIt C 0.585 n.c. n.c.
GSSG/VitE n.c. n.c. nc.
(GSH/GSSG) ratio/ Vit A n.c. 0.585 0.745
(GSH/GSSG) ratiof Vit C -0.571 n.c. 0.555
(GSH/GS8G) ratio/Vit E 1n.c. 1n.c. 0.592

Table 5: Tntra comrelation anatysis between antioxidant enzyme activities,
glutathione fractions level and oxidants levels of the groups

Parameters Group 1 Group I Group 1
GSH-Px/TBARS nc. ne. n.c.
GSH-Px/ NO, n.c. n.c. n.c.
GSH-Px/ (NOy/NO3) n.c. n.c. n.c.
GSH-R /TRARS n.c. n.c. -0.536
GSH-R /NO, n.c. n.c. n.c.
GSH-R /(NO,/NO; ) -0.491 n.c. n.c.
GSH/TRARS n.c. n.c. -0.816
GSH/ NO, n.c. n.c. -0.543
GSH/ (NO,/NO; ) nc. -0.469 -0.659
GSSG/TBARS 0.745 n.c. 0.485
GSSG/ NO, n.c. n.c. n.c.
GSRG/ (NOyNO3) n.c. n.c. n.c.
(GSH/GSSG) ratio/ TBARS nc. ne. -0.767
(GSH/GSSG) ratio/ NO, nc. ne. -0.557
(GSH/GSSE) raticfNO,/NO;)  n.c. -0.482 -0.549

Group T: Untreated control negative, Group IT: Untreated control positive,
Group TIT: Treated group with infested flour
n.c.: no correlation (p=0.05)
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Table 6: Intra correlation analysis between antioxidant witaming and
oxidants level of the groups

Parameters Group T Group IT Group 1T
Vit A/TBARS -0.671 ne. -0.865
Vit A/ NO, -0.620 ne. -0.770
Vit A (NOy/NO3) n.c. -0.710 -0.613
Vit C’'TBARS n.c. -0.449 -0.622
Vit C/ NO, nc. nc. -0.547
Vit C/INO/MNOL) n.c. n.c. -0.500
Vit EETBARS -0.506 ne. -0.620
Vit Ef NO, nc. nc. -0.530
Vit B/ (NO./NQO3) n.c. n.c. -0.574

Group I: Untreated control negative, Group II: Untreated control positive,
Group ITT: Treated group with infested flour
n.c.: no correlation (p=0.05)

rodent and fish (Harvey, 1985; Plakunov et al., 1987 and
Elhassaneen, 1996). They mduced the carcinogenic
effects through the theory of toxification, i.e. the
formation of reactive metabolites by enzymes and the
covalent linkage of these activated intermediates with
cellular macromolecules to imtiate the carcimogenic
process (Varanasi, 1989 and Elhassaneen, 1996). Also,
some of these compounds n particular quinones induced
several cytotoxic effects in experimental animals which
precede cell death including disruption of mtracellular
calcium homeostasis, cell membrane integrity and
mitochondra as well as lysosome dysfunction’s. The
mechanisms of toxicity of quinones act by redox cycling
mvolving quinone, hydroquinene and molecular oxygen
(Orrenius, 1985). As a result of redox cycling, a number of
reactive oxygen species (ROS) are formed including O, ,
H,0,, HO and *#0, (Kappus and Sies, 1981). H,0, may be
rapidly detoxified either by catalase or by selenoprotein
glutathione (GSH) peroxidase, which simultaneously
oxidizes GSH to GSSG (Heftner and Repine, 1989). Also,
reduced glutathione (GSH) may play an important role in
detoxification process throw severe as a nonenzymatic
scavenger of oxyradicals (Halliwell and Gutteridge, 1985).
Therefore, these enzymatic and nonenzymatic
antioxidants with others severe as a defense system to
guard the cell against the toxic effects of ROS.

We found significant reduced in GSH-Px and GSH-R
activities in rat erythrocytes as well as GSH levels in
plasma as a consequence of feeding insect-infested wheat
flour. A fall m GSH observed generally accompanied by a
concomitant rise in GSSG and decreased in the ratio of
GSH/GSSG. We think that different compounds found in
insect-infested wheat flour such quinones that causes a
depression on the antioxidant defense potential of
erythrocytes and plasma. Our think was supported by the
work of Gant et al. (1988) who found that following
exposure of hepatocytes to various quinones lead to a
rapid fall n GSH. Additionally, Di Giulio (1991 ) mentioned
that plasma GSSG concentration to provide a sensitive
index of whole body oxidative stress in the rat. Increased
fluxes of oxyradicals might be decreased in the GSH/GS5G

ratio, due either to direct radical scavenging or to
increased peroxidase activity.

On the other side, the reducing in antioxidant defense
potential of erythrocytes was contrary with decreasing in
antioxidant vitamins in rat plasma as a consequence of
feeding insect-infested wheat flour (Table 2). These
vitamins include A, E and C, considered important
antioxidants through acting as singlet oxygen (“0,)
quenches, trap of peroxyl radicals and inhibit free radical
reactions (Truscott, 1990; Stahl and Sies, 1993 and Tialal
et al, 1995). With these studies as a background,
decreasing in rat serum vitamins in the present study
could be attributed to their consumption in scavenge,
quench and trap different ROS found and generated as a
consequence of feeding insect-infested wheat flour.
Accompanied by a concomitant reduce in enzymatic and
nonenzymatic antioxidants, high concentrations of
different oxidants include TBARS and nitric oxides (NO,
and NO,) as established in the present study in rats
feeding of insect-infested wheat flour (Table 3). Tn our
opinion, if there were no change m the antioxidant
defense system of rat feeding mgested insect-infested
wheat flour, it would be difficult to observe high
concentrations of TBARS and mitric oxides. High levels of
malondialdehyde, one of the most important compounds
i TBARS, in the plasma of patients were associated with
rather low levels of beta-carotene (Lepage et al., 1996). In
some model systems, a combination of ¢-tocopherol and
B-carotene interacts synergistically to inhibit lipid
peroxidation subsequently increased TBARS (Bohm
et al., 1997). On the other side, increased in nitric oxides
level as a consequence of increased in nitric oxide
synthase can react with hemoglobin to form iron-nitrosyl
adducts and with the amino and thiol groups of protein to
produce nitrosylated species (Manahan, 1989). The
excess production of nitric oxides has been implicated in
the pathogenesis and tissue destruction of a growing
number of immunclogical and mflammatory diseases
including septic shock, arthritis, graft rejection and
diabetes (Jacob et al., 1992).

In the intra correlation analyses, important differences
were found as a consequence of feeding the insect-
infested flour, for example, the positive correlation’s
between the GSH fractions and vitamins (Table 4). Also,
the most mmportant correlation’s established were between
the oxidants (TBARS and nitric oxides) and antioxidant
vitamins as well as the GSH/GSSG ratios, which were
negative for all relations (Tables 5,6). This might be an
importance because it indicated that the factor(s) leading
to oxidant stress and peroxidation in the cells might also
cause lowering in the levels of plasma vitamins and
GSH/GSS8G ratios.
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It could be concluded that the infestation of wheat flour
with msects leads to the formation of ROS and some
compounds, which act by redox cycling forming a munber
of ROS. This 13 confirmed by the results of this study,
which showed that feeding of msect-infested wheat flour
causes reduction in the enzymatic antioxidant defense
potential of erythrocytes and nonenzymatic antioxidant in
plasma. Tt was accompanied by a concomitant high
concentration of different oxidants in plasma including
TBARS and nitric oxides.
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