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ABSTRACT
This study was carried out to investigate the chemoprotective effect of ground rhizome of
Curcuma longa plant on the possible toxicity induced by the insecticide fentromethrin
(organophosphorous insecticide fenitrothion and the type II pyrethroid deltamethrin). One
hundred and fifty two mature male albino Sprague Dawley rats were used in this study. Seventy
two males were assigned for determination of medium lethal dose (LDsg) which was found to be
30.12mg/kg B.wt. Other eighty male albino rats were divided into four groups, the first group
was control, the second, third and fourth groups were orally dosed with C.longa rhizomal
powder(100mg/kg B.wt); 1/20 LDsp of fentromethrin and both of the same compounds and doses
were given to the fourth group every other day for sixty five days. All rats were sacrificed at the
end of the experiment. Blood sera and tissue samples from liver and brain were used to detect
enzymatic and non enzymatic antioxidants beside histochemical detection of DNA and RNA in
tissues of liver and brain. The study showed significant increase of malondialdehyde, highly
significant decrease of reduced glutathione and catalase, in addition to significant reduction of
vitamin E in tissues of liver and brain, but reduced glutathione remain within normal in brain of
rats dosed with fentromethrin. Superoxide-dismutase and glutathione peroxidase were highly
significant decreased in serum of fentromethrin treated animals. All these parameters showed
improvement toward normal when rats were received C, longa rhizomal powder with
fentromethrin. Also rats dosed with C.longa rhizomal powder alone revealed enhanced activities
of reduced glutathione, catalase (especially in liver), superoxide dismutase and glutathione
peroxidase in serum. The histochemical study showed reduced staining affinity of DNA and
RNA in hepatocytes, cerebral cortical and piamater cells. It was improved in rats dosed with both
C. longa rhizomal powder and fentromethrin and it was strong in the group administered C.
longa rhizomal powder only. This research demonstrates that C.longa rhizome has an effective
role to salvage fentromethrin toxicity effects on Sprague Dawley rats.
INTRODUCTION pyrethroid, used to protect stored cereals, grains,
coffee beans and dry beans, in forestry, and in

Since 1970s, pyrethroids have been widely
used as insecticide to control insect and pests in
agriculture and in the home so many significant
exposure among the general population was
reported (I). Organophosphorous insecticides
are used in combination with pyrethroid
insecticides to enhance the later toxic effects on
target insects, especially those developed
pyrethroid resistance (2). Many cases of acute
poisoning  resulted from  exposure to
organophosphate-pyrethroid mixtures reported
in Chinese medical journals in the late 1990s
was about 4 times greater than the cases reported
in the late 1980s (3).Deltamethrin is a-cyano

public health. It is also used against cattle
infestation (). Fenitrothion 1S an
organophosphorous insecticide widely used, to
protect fruits, vegetables and grain crops, and for
malaria control, but lead to high exposure
potential to humans, livestock, and poultry, in
both rural and residential environment (5h
Fenitrothion is present in the air, soil and water
in many countries (6).The toxicity of pesticides
may be due to their free radical initiating
capability (7). Over the past few years; there has
been increasing interest in turmeric due to its
medicinal properties. Turmeric is derived from
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rhizomes of Curcuma longa plant, a member of
the family zingaberaceae; it is widely used as a
food colorant and is one of the principal
ingredients in curry powder. Components of
turmeric are named curcuminoids which include
mainly curcumin (diferuloylmethane),
demethoxycurcumin and bisdemethoxycurcumin
(8). Ayurvedic and Chinese medicine also
traditional Indian medicine claim the use of
curcumin powder against biliary disorders,
coryza, cough, sinusitis, diabetic wounds,
hepatic  disorders, rheumatism as anti-
inflammatory, digestive disorders, treatment of
skin diseases and wound healing. Also reduce
certain forms of cancer and render other
protective biological effects in humans, which
are attributed to its active constituent curcumin
(9,10). Oral administration of curcumin and
turmeric over two years to rats at a dose above
hundred times than that consumed by human not
induced any toxicity (11, 12). Curcumin has
been reported to have several pharmacological
effects (I3). It inhibits tumor metastases,
pancreatitis, drug or alcohol-induced liver
fibrosis, cystic fibrosis and Alzheimer's disease
(14). Since oxidative stress imposed by reactive
oxygen species (ROS) is known to play a crucial
role in the pathophysiology associated with
neoplasia, atherosclerosis, and
neurodegenerative  diseases, the potential
mechanism of the protective effects of phenolic
compounds and flavonoids (where C. longa
rhizome is rich in these constituents) were
thought to be due to direct scavenging of free
radicals (15).

MATERIAL AND METHODS

Experimental animals

One hundred and fifty two mature male
albino Sprague Dawley rats, weighing 120-
150gm body weight, were purchased from
laboratory animals breeding Unit, National
Research Center, Dokki, Egypt. The rats were
accommodated to laboratory conditions for two
weeks before beginning the experiment,

Tested compounds
I- Curcuma longa Linn. rhizome powder

C. longa L. named as turmeric, botanically
related to Zingiberaceae family, is a perennial
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branched rhizomes and brownish-yellow colour
(16). Curcumin, known as curcumin I, makes up
approximately 90% of the curcuminoid content
(curcumin,  monodexmethoxycurcumin &
bisdesmethoxycurcumin) in turmeric (17).

II- Fentromethrin

It consists of a mixture fenitrothion (260gm)
which is an organophosphorothioate insecticide
and deltamethrin (26gm/liter) which is a type I1
pyrethroid.

Determination of the oral Medium Lethai
Dose (LDsp)

Thirty six male albino rats were divided into
6 groups each of 6 rats in separate cages for the
pilot trial for determination of zero and 100%
mortality of fentromethrin then another 36 male
rats were divided into 6 groups each of 6 rats in
separate cages for determination of LDsp of
fentromethrin according to the  previously
described method (18).

Study the effect of fentromethrin and C.
longa rhizome powder on male albino rats

Eighty male albino rats were divided into
four groups each contain twenty rats. The first
group was served as control. The second, third
and fourth groups were dosed by rat stomach
tube every other day for 65days as the 2™ group
administered C. longa rthizome powder
(100mg/kg B.wt) suspended in distilled water,
the 3% group received 1/20 LDsy of
fentromethrin diluted in distilled water and the
4" group recetved both of the previously doses
of C. longa rhizomal powder and fentromethrin
with at Jeast 2 hrs apart. The rats were sacrificed
at the end of the experiment, blood samples were
centrifuged at 3000rpm for 15 minutes to obtain
serum. The clear supernatant serum was
wransferred into dry sterile and labeled stoppered
vials and stored at -20°C until used for
estimation of superoxide dismutase (19) and
glutathione peroxidase (20).

The liver and brain were divided into two
equal parts. The first parts were homogenized
with ice-cooled saline, then divided into two
aliquots, the first part of the homogenate was
deproteinized with ice-cooled 12%
trichloroacetic acid, centrifuged at 3000 rpm for
15min and the obtained surematant was used for
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the estimation of malondialdehdye (MDA) (21),
GSH (22), catalase (23), and both vitamins A
and E (24) . The second aliquot was centrifuged
and the supernatant was used for estimation of
thiobarbituric acid  reactive  substances
(TBARS).The second part of each brain and
liver were dissected and preserved in Carnoy's
fixative for histochemical detection of DNA and
RNA (25).

Statistical analysis: One way ANOVA& T-test
mode] procedures of SAS were done (26).

RESULTS

The zero and 100% mortality of albino rats
were shown in Table 1. Mortalities and solution
of the dose response in male albino rats were
recorded in Table 2.

Table 1. Clarified the doses which not induce any mortality (Zero% mortality) also the
doses which produced 100% mortality in the experimental trials for detection of
LDs of fentromethrin in male Sprague-Dawley rats

Groups Dose(mg/kg B.wt) No. of rats in each | No. of dead rats Mortality

_group Yo
Control 0 6 0 0
2 17.39 6 0 0
3 20.4 6 0 0

4 24.8 6 2 30

5 372 6 6 100

6 52 6 6 1060

Table 2. Determination of the acute LDsq of fentromethrin in Sprague- Dawley rats

Groups Dose Log dose | Log dose | No.ofratsin No. of Mortality %
{(mg/kg B.wt) interval each group dead
control 0 0 0 6 0 0
2 17.39 1.24054 0.11 6 0 0
3 224 1.35054 0.11 6 0 0
4 28.8 1.46054 0.11 6 2 30
5 372 1.57054 0.11 6 6 100
6 47.9 1.68054 0.11 6 6 100
Total 36 14

Solution of LD3; of fentromethrin in male albino rats (18):

Using the following formula:
m= X, + ¥ad- dry/N

Where: m= log.LDs.
d= logarithmic intervals of doses.

X,= log- dose causing 100% mortality.

ri= Sum of the number of animals dead at each of the individual dose levels.

N= Number of animals on each of the dose levels.

LDsp with 95% limits of confidence = 30.12(27.13mg- 33.4) mg/kg B.wt.

: Rats treated with fentromethrin showed

significant increase of malondialdehyde (MDA)
in liver and brain in comparison to control group
respectively. Rats dosed with C.longa rhizomal
powder and fentromethrin, MDA in liver and
brain were improved and become very near to
the control. The group treated with C. longa

rhizomal powder revealed highly significant
decrease of MDA in liver, non significant
decrease in brain, when compared to control
group (Table 3). Superoxide dismutase (SOD)
and glutathione peroxidase (GPx) in serum of
treated rats with fentromethrin revealed highly
significant decrease (Table 4). Glutathione and
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catalase levels were significantly decreased in
liver and brain but glutathione level in brain
remain within the normal limits comparing to
the control group (Table 5). Vitamin E was
significantly decreased in both liver and brain of
rats treated with fentromethrin in comparsion to
control. Rats orally dosed with C. longa
rhizomal powder and fentromethrin showed non-
significantly increased levels of SOD and GPx.
Normal level of GSH were observed in brain but
insignificantly decreased in liver and normal
catalase level in liver while it was significantly
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decreased in brain. Clonga rhizomal powder
treated group showed normal levels of GSH,
increased catalase level than the control in brain,
while in liver catalase was significantly
increased and GSH was non- significantly
increased (Table 4). Both SOD and GPx were
significantly increased in serum of rats treated
with C. longa rhizomal powder in comparison
to control group (Table 3).The levels of vit A
and E were within the normal levels in both liver
and brain of all treated groups (Table 5).

Table 3. Showing the level of serum superoxide dismutase (SOD) (U/ml serum) and
glutathione peroxidase (GPx) (nmol/min/ml serum) of rats treated with
Fentromethrin (1/20 LDs,), Fentromethrin with Curcuma longa rhizomal powder
(100mg/kg B.wt.) and Curcuma longa rhizomal powder only comparing with

control group along two months.

Parameter Superoxide-dismutas | Glutathione peroxidase
Group (U/ml serum) (nmol/min/ml serum)
Control 0.15+0.005° 1102.5°
Fentromethrin treated 0.1240.006° 86.7+2.7°
C. longa rhizome powder + 0.16£0.01% 115£2.1%
Fentromethrin treated
C. longa rhizome powder treated 0.175+0.006 122+1.7°

Means within the same column carrying different superscripts are significant at p< 0.05.

Table 4. Showing the level of Malondialdehyde (MDA) (um/gm tissue); Reduced
Glutathione (GSH) (um/gm tissue) and Catalase (U/mg protein) in liver and
brain of rats treated with Fentromethrin (1/20 LDs), Fentromethrin and
Curcuma longa rhizomal powder and Curcuma longa rhizomal powder
(100mg/kg B.wt.) only comparing with control group along two months.

Parameter |Malondialdehyde(pm/p GSH{um/gm tissue) Catalase(U/mg protein)
m tissue) ‘
Group Liver Brain Liver Brain Liver Brain
Control 0.5140.024° | 1.08+0.055" | 465.3219" | 516.725.99° { 465.3£19%® | 516.7+5.99*
Fentromethrin treated| 0.68+0.023"| 1.75£0.036" | 327£13.5° | 458.8+24.4" | 327+135 | 4588+ 24.4°
C. longa rhizomal
powder + 0.48+0.046" | 1.16+0.074% 410+£28° | 467.76£19° | 410+£28° | 467.76x 19
Fentromethrin treated
Cl'; ;fv’:i‘:_ :i‘;;‘:;‘(‘; 0.2320.022°| 120.076" | 481£10.7* |499.75+14.97" 481+10.7° | 499.75+14.97*

Meuans within the same column carrying different superscripts are significant at p< 0.05.
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Table 5. Showing the level of Vitamin E (pg/gm) and Vitamin A in liver and brain of rats
treated with Fentromethrin (1/20 LDs), Fentromethrin with Curcuma longa
rhizomal powder (100mg/kg B.wt.) and Curcuma longa rhizomal powder only
comparing with control group along two months.

Parameter Vit E(ug/pgm) 2 Vit A(ug/gm)
Group Liver Brain liver Brain
Conlrol 5.36+0. 13" 7+0.35" 0.5 +003" 0.62 + 0.05"
Fentromethrin treated group 4.4+0 19" 59+0.13° 0.53+0.07" [0.53+0.05°

C. longa powder + Fentromethrin
treated group

C. longa powder wreated group 5.5+ 0.9 7.3+0.17° 0.55 = 0037 1 0.63+0.04"
Means within the same column carrying different superscripts are significant at p< 0.03.

5.10.33° 6.9+0.06" 0.52£0.05° 0.54 £ 0.07*

Fig. I Photomicrogriph for a section in the liver of rats showing;
af Noiinal distribution of RNA (1 red) & and DNA (o green) through hepatocytes ol control rats.
b) Low DNA level of the hepatocyte cells of rats administered 1/20LDsyof fentromethrin for 65days in comparsion o
conirol, degenerated cells. The RNA is severely disrupted .
¢) Slightly lesser reaction of both DNA and RNA in the hepatocytes of rats administered Crrciima longa rhizomal powder
(100mg/kg B.wi) and fentromethrin in comparsien to control, but stronger than after administration of fentromethrin.
d} A belter picture even than control liver in both DNA and RNA distribution through the hepatocytes of rats administeied
Curcuma longa thizomal powder (100mg/ks B.wt).
Methyl green-pyronin method, X400.
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Fig. 2. Photomicrograph lor a section in the brain of rats showing:
a) Normal distribution of RNA (in red) & and DNA {in green) through cerebral cortical, cerebral neurons (n),

and piamater cells (p).

b) Corrical neurens and piamater cells after administration of 1/20 LDsg of fentromethrin for 2 months revealing

more or less as in control.

¢) Cerebral cortical neurons {n) and piamater supporting cells after administration of Curcuma longa rhizomal
powder (100mg/kg B.wt) for 2 months revealing stronger reaction of DNA more than RNA.

dy Cerebral cortical neurons of rats adminisiered Curcuma longa rhizomal powder (100mg/ke Bowi) and
fentromethrin(1/20 LDsp) for 2 months revealing revealing stronger reaction ol RNA( n red) in comparsion
to those given fentromethrin alone but still the DNA is lower than control. Methyl green-pyronin method,

X400.

The histochemical study revealed that DNA
and RNA reaction is well apparent in nuclei and
cytoplasm of hepatocytes of control group (Fig
i While in the brain the DNA reaction of
control rats is indistinct tn nuclei of cerebral
cortical neuronal nuclei except strong reaction in
piameter cell nuclei as supporting cells (Fig
2a). The DNA and RNA stainability is stronger
than control after administration of C.longa
rhizomal powder only as shown in hepatocytes
(Fig 1d). cerebral neuronal cells and piamater
supporting cells, but not RNA (Fig 2d).After
administration of Fentromethrin, the picture of

DNA staining affinity in the hepatocytes is some,

what lesser than in control (Fig 1b), also the
RNA is negative with many degenerated cells
that lost their nuclei. The RNA is severely
disrupted. In addition DNA and RNA reaction in
brain become lesser than in control. The liver
showed lesser reaction (Fig 1c) in both DNA and
RNA in group treated with fentromethrin and C.
longa rhizome powder than control but stronger
than the liver of rats treated with fentromethyin
alone. In brain there was an improved picture in
cerebral neurons as the reaction to RNA was
more apparent in cytoplasm than the reaction of
DNA.
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DISCUSSION

Although insecticides are economically
important chemicals, their presence in food,
water and the environment can present a real
health risk to humans and animals (27).
Organophosphorus  insecticides can  induce
oxidative stress and generate free radicals that
altered antioxidant enzymes (28).Also reactive
oxygen species (ROS) are included in the
toxicology of pyrethroids (29).In the present
work the first experiment done to evaluate the
LLDsy of fentromethrin. The obtained results
clarified the LDsp was equal to 30.12mg/kgB.wt.
No available data was found about the LDsy of
fentromethrinin  in  previous studies, but
information present about LDsg of deltamethrin
alone. it is equal to 66.7mg/kg B.wt (30). In the
sume line the LDsy of fenitrothion was found
equal to 166.6 mg/kg B.wt (31) and range
between 250-800 mg/kg (32).0ur results
revealed that MDA was significantly increased
in both liver and brain of male rats dosed with
fentromethrin. Fenitrothion was very powerful
inducer of lipid peroxidation and decreasing the
enzymatic and non-enzymatic antioxidant (33).
In fact deltamethrin may induce cell damage due
to its plasma membrane lipopholicity, as
pyrethroids can bind to membrane lipid bi-layers
and produce membrane depolarization in the rat
synaptosome, toxicity by deltamethrin can cause
perturbations m lipid- lipid and lipid- protein
inleractions, cause aiterations of membrane
permeability and  mitochondrial enzyme
activities (34). Other group dosed with C. longa
rhizome powder followed by fentromethrin
revealed near normal levels of MDA in both
liver and brain and it was greatly decreased in
rats dosed with C. fonga powder only which
provides a convincing evidence for the
involvement of reactive oxygen species (ROS)
in fentromethrin toxicity and the possible role of
C. longa in scavenging these radicals. Our
results were in accordance with (35) who stated
that curcumin has antilipid peroxidation effect in
rat brain and (36) who revealed that curcumin
mhibits lipid peroxides in rat liver microsomes,
brain homogenates and erythrocyte membrane.
Our results about the toxic effect of fenitrothion
were convenient to previous informations (37},
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but about deltamethrin confirmed earlier study
(27). Regarding GSH and catalase levels, our
results demonstrated highly significant decrease
in liver and brain but reduced glutathione remain
within normal levels in brain of rats treated with
fentromethrin, these results were indicative of
oxidative stress and presence of free radicals
produced by insecticides, and somewhat were
ameliorated in rats treated with C. longa powder
and fentromethrin. The ameliorative effect is
suggested to be due to antioxidant property of C.
longa possibly by increasing the endogenous
defense to combat oxidative stress induced by
fentromethrin as evidenced by more improved
levels of reduced glutathione and catalase in rats
dosed with C. longa powder only than control
rats.GSH is involved in protection against free
radicals, peroxides, singlet oxygen, hydroxyl
radical, superoxide radical damage and other
toxic  components (38).The fact that
organophosphorus insecticides consume GSH
through a detoxification reaction and/or that
glutathione-s-transferase catalyzes the reaction
between GSH and xenobiotics, so regulating
possible harm (39). As formation of xenobiolic-
GSH complex lead to decrease of GSH content,
also inhibition of catalase activity is suggestive
of increased superoxide anion (O,) synthesis.
Regarding C. [Iomga, these results were
inconvenience with the effect on liver damage
induced by alcohol (40). In addition increased
levels of reduced glutathione has been recorded
in cerebral cortex and hippocampus of rats dosed
with high dose of deltamethrin, but the author
found wunchanged catalase levels which
disagreed with our obtained results (41).

In concern to vitamins A and E, our study
revealed significant decrease in vit E in liver und
brain of group weated with [featromethrin,
indicating low antioxidative defense; these
altered vitamins showed modulation in rats
dosed with powder of C. longa rhizome before
dosing with fentromethrin which explained by
the antioxidant effectiveness of the ground
rhizome in addition to curcumin has been ten
times more active as an antioxidant than vitwnin
E (42). Both vitamins A and E are lipid soluble
antioxidants and their decrease indicated
oxidative stress due to lipid peroxidation. They
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convert the peroxyl radical to the much less
reactive  hydroperoxide, so inhibit the
propagation of peroxidative chain reactions. The
Vit E radical is reduced by glutathione and/ or
ascorbic acid to regenerate Vit E. In addition B-
carotin (provitamin A) has the ability to
inactivate singlet molecular oxygen (43).

The present work showed highly significant
decrease of both SOD and GPx in the serum of
rats dosed with the insecticide fentromethrin,
wilile they insignificantly increased in the group
dosed firstly with powder of C. longa rhizome
then with fentromethrin and significantly
increased in rats dosed with the rhizome powder
only. These results indicated that fentromethrin
has harmful effect on SOD and GPx by
decreasing their levels due to oxidative stress
ana the possible counteraction by C. [longa
thizome's powder. Organophosphate pesticides
caused a decrease in GSH -Px activity both in
vivo and in vitro (44). Turmeric can lower lipid
peroxidation by maintaining the activities of
antioxidant enzymes like superoxide dismutase,
catalase and glutathione peroxidase at higher
levels which play an important role in the
regulation of lipid peroxidation; also it is capable
of scavenging oxygen free radicals such as
superoxide anions and hydroxyl radicals (45),
peroxynitrite radicals (46), it inhibits hydrogen
peroxide induced cell damage (47). Concerning
the histochemical study, this study revealed that
the reaction for RNA in the cytoplasm of
hepatocytes was strong after co- treatment with
fentromethrin and C.longa rhizomal powder and
the strongest after C.longa rhizomal powder
alone, so indicating the hepatoprotective effect
of C.longa rhizomal powder. Superoxide radical
(O-" ) which may be produced as a result of
oxidative stiess due to fentromethrin toxicity,
this radical is responsible for lipid peroxidation
and also decrease the activity of other
antioxidant defense system enzyme such as
catalase (CAT) and glutathione peroxide (GPx),
which causes damage of ribonucleotides which
are required for DNA  synthesis. Hydrogen
peroxide (H»O-) is not a radical but behave the
same way like superoxide(O; ~) by causing
DNA damage, membrane disruption and release
calcium ions within cell, resulting in calcium

L
.

dependent proteolytic enzyme to be activated
(48). Curcumin can protect against DNA strand
breakage and DNA oxidative degradation (49).
Hence, agreeing with the previous findings (50,
51) which showed that curcurmin reduces hepalic
tissue damage which may be induced by
nicotine, iron, aflatoxins and hepatic
carcinogenicity. Also curcumin protects DNA
against oxidative damage induced by singlet
oxygen (52). Moreover curcumin increases the
total DNA content in cases of protein stress
condition through the hepatocytes (50). 1t has
been proposed that curcumin can protect lipids,
hemoglobin and DNA against oxidative
degradation due to its potent scavenging activity
against a variety of reactive OXygen species,
including superoxide anion, hydroxyl radical,
singlet oxygen, nitric oxide and peroxy nitrite
(53). ROS are considered to be endogenous
mitogenic factors or apoptotic factors that can
activate nuclear factor kabba B(NF-KB) and
other transcription factors in the nucleus which
determine the fate of cell such as proliferation,
inflammation, carcinogenesis or apoptosis,
curcumin block their sites and pathways (54). In
general, the reaction for DNA and RINA with
their different degrees in both nuclei and
cytoplasm were the same in liver but with brain
less reaction for DNA and RNA was noted that
may be related to the larger nuclei of neurons
which may withstand or inhibit the effect of
fentromethrin.
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