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Abstract: On male albino rats, this study has evaluated the toxicity of halosulfuron-methyl and clethodim on their
hepatic, haematological, and oxidative effects. For a period of 28 days, the animals were given either halosulfuron-
methyl (886 and 1773 mg/kg) or clethodim (163 and 326 mg/kg body weight) herbicides orally. As a control treatment,
distilled water was used. Hematological and biochemical markers, as well as body weight gain and organ weight, were
all assessed. In general, all treated rats' bodyweight gain and relative testes weight were considerably lower when
compared to the control treatments. Furthermore, the relative weights of the liver, kidneys, lungs, spleen, brain, and
heart were recorded at various rising levels. At the ending of the procedure, blood samples were taken. Hepatic toxicity
was measured using the blood enzymes alanine aminotransferase (ALT) and aspartate aminotransferase (AST), whereas
renal toxicity was measured using urea and creatinine. Red blood corpuscles (RBC), white blood cells (WBC) and
hemoglobin were tested in the liver to detect oxidative damage and monitor changes in hematological parameters. Both
herbicide treatments resulted in significant increases in the levels of liver enzymes (ALT and AST). In male albino rats,
hematological parameters indicated considerable changes, with decreases in RBC and hemoglobin and a large rise in
WBC. The findings suggest that even at subacute exposure, halosulfuron-methyl and clethodim might cause
hematological parameter changes, which might be linked to the production of reactive oxygen species.
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INTRODUCTION effective, secure, and selective post-emergence
herbicide that can be used to suppress annual and
perennial grasses in large leaf crops like soybean,
cotton, and sunflower, and the majority of vegetables
(Yu et al.,, 2007; Saini et al., 2017; Villaverde et al,
2018). Short-term toxicity of clethodim, the EPA
stated; "There were no effects observed in oral toxicity
studies including developmental toxicity studies in rats
and rabbits that could be attributable to a single dose
exposure (USEPA, 2010). Halosulfuron-methyl is a
sulfonylurea herbicide that inhibits acetolactate
synthase (ALS), an enzyme involved in the
biosynthesis of branched chain amino acids such as
valine, leucine, and isoleucine (Senseman, 2007;
Duggleby et al., 2008). It can be absorbed by both
roots and leaves, preventing susceptible plants from
growing (Soltani et al., 2009). Halosulfuron-methyl is
PPI, PRE, and POST herbicide against Cyperus spp.,
and many broadleaf weeds, such as redroot pigweed,
velvetleaf, wild mustard, making it useful in a wide
range of vegetable crops (Culpepper et al., 2009). Like
most other sulfonylurea herbicides, halosulfuron-
methyl has low acute toxicity following oral, dermal or
inhalational exposure. Its potential to cause eye
irritation is rated as slight and it is not a skin irritant or
skin sensitizer (USEPA, 2020). Thus, this research
designed to evaluate the effects sub-lethal doses of
clethodim and halosulfuron-methyl herbicides on
biochemical and hematological parameters of male
albino rats.

Pollution has gotten a lot of coverage around the
world. With increased human activity, it is becoming a
major issue.Pesticides are thought to be heterogencous
whichare used to treat plant diseases and pests to
increase the productivity of (pests or weeds)
agriculture and production (Bolognesi, 2003).
Pesticides are essential agricultural chemical materials,
and their use has increased the yield of plants yield,
resulting in lower crop costs. They do, however, persist
in food products and the environment, posing health
risks to both humans and animals (Dalsenter et al.,
1999). Controlling weeds is critical to increasing crop
yields, Herbicides are used to combat weeds in
commercial crop cultivation (Norsworthy et al., 2012).
Chemical weed control provides more efficient long-
term weed control and higher vegetable yields, also
herbicides hold promise for weed control that is timely,
affordable, and reliable in areas where labour is scarce
and costly (Adigun et al., 2014). Herbicides are one of
the main methods for controlling noxious weeds in
agricultural and non-agricultural lands all over the
world and it presented more than 60% of total
pesticides used in agricultural sectors (Elalfy et al,
2017). Clethodim is a systemic herbicide belong to that
is quickly consumed and transported from treated
vegetation to the plant's root system and growing
portions, It has a role as a herbicide and an EC 6.4.1.2
(acetyl-CoA carboxylase) inhibitor (Turner, J. A.,
Pesticide manual, 2015). Clethodim is a herbicide that
is commonly used in agriculture because it is highly
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MATERIALS AND METHODS
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Experimental design

The experiments were run out on male albino
rats administered orally with sub-lethal doses of
halosulfuron-methyl 75% WG (Inpul) and clethodim
12.5% EC (Select super), Which is used to control
weeds, rice and maize crop, for four weeks to examine
their toxicological qualities. These experiments were

Table (1): The oral LDs, values of the two selected herbicides

conducted in March 2020 at Damanhur University,
faculty of Agriculture, department of Plant
Protection, EL-Behera, Egypt.

Test animals

A Colony of mature male albino—rats Rattus
norvegicus was obtained from Egyptian Organization,
Vaccine and Biological Preparation, Helwan, Cairo.
For acclimatization, rats were kept in a laboratory
setting at 25.5°C and 65.5% Rh for two weeks before
beginning the experiments. The food consisted of a
commercial rabbit ration in pellet form or a pellet
providing all of the nutritional requirements. It was
obtained from the EL-Salam Dry Ration Factory in El-
Marg, Cairo. Unless otherwise noted, rats were fed this
food during the trial. Three male animals were kept
together in suspended metal cages (35 x 25 x 20 cm)
with a wire mesh bottom at laboratory condition and
maintained on ad libitum diet and water.

Tested treatments

To investigate the toxicological effects of two
herbicide formulations, halosulfuron-methyl 75 %WG
(Inpul) and clethodim 12.5% EC (Select super) rats
were given two sub-lethal dosages orally from each
compound for four weeks (Table 1).

Acute oral LDs, for rats Sub lethl? l_iloses
Herbicide value (mgke' )
(mg kg™ 1/5 of LDs, 1/10 of LDs,
Halosulfuron-methyl 8866 1773 886
Clethodim 1630 326 163

Experimental procedures

For four weeks, rats were given sub-lethal
dosages of potential toxicants orally on alternate days.
After four weeks, three rats were sacrificed by
capitation after being treated with each herbicide. Male
rats weighing between 90 and 150 grams were chosen
for the study. Herbicides were dissolved in distilled
water in the proper proportions. A plastic syringe was
linked to a curved stainless steel animal intubation
needle with a spherical ball tip for oral dosage. The
dosage was given to the animals, and they were
checked on a daily basis. During the trial, rats were
monitored daily for overt indications of toxicity and
their weights were recorded to estimate body weight
growth or loss from the start body weight, with the
average determined weekly. Blood samples were
drawn from each rat at the end of the study (4 weeks),
and its liver, heart, brain, spleen, kidneys, lungs, and
testes were dissected out, trimmed of superfluous fat,
and weighted. The following formula was used to
compute the relative organ weight per 100 g of rat
body weight (Stevens, 1976):

Absolute organ weight
Relative organ weight = x 100
Whole body weight

Hematological and Biochemical studies:

The purpose of this study was to illustrate the
impact of tested toxicants on the blood images of rats.
Finally, time interval blood samples from each slain rat
were obtained and separated into two portions, the first
was used to count red blood corpuscles (R.B.Cs) and
white blood cells (W.B.Cs) as detailed by (Zahkouk,
1999), while the second portion was used to assess
hemoglobin content as documented by Drabkin and
Austin (1932). The second part was allowed to sit at
room temperature for 10 minutes before being
centrifuged for 15 minutes at 3000 rpm. The
supernatant serum was taken and stored in the freezer
until it was utilized to determine the activities of
plasma aminotransferases (AST and ALT) according to
method of Reitman and Frankel (1957). The level of
creatinine and urea levels as assessed according to
Bartles ef al. (1972) and Fawcet and Soctt (1960). The
results were presented as mean + standard error of the
mean. Differences between the groups were
determined using one-way ANOVA, followed by
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Duncan’s test where appropriate, Sendecor and
Cochran (1980). Significant differences were indicated
by p-values < 0.05 and 0.01.

RESULTS

Body weights obtained were drastically reduced
after the dosage period, according to data in Table (2),
at any time following the initial toxicant administration

(P= 0.05) in male rats which were given sub-lethal
doses of halosulfuron-methyl and clethodim orally for
four weeks, compared to the control group. The degree
of the reduction in body weight growth changed as the
treatment period progressed, reaching its greatest
values of reduction during the second week after the
initial toxicant dose.

Table (2): Effect of different sub lethal doses of herbicides on body weight gain of male albino rats after oral

administration for 4 weeks

Body weight Treatments
Weeks after gain of Halosulfuron-methyl Clethodim
Administration
/Sex control 1/5 of LDs, 1/10 of LD5, 1/5 of LDs, 1/10 of LD5,
(gm) A B B A B A B
1 7 3 57.14 2 7143  2.33 66.67 2.33 66.67
2 15 8 46.67 5.67 62.22  6.67 55.56 5.33 64.44
3 21 13.33 36.51 8.67 58.73 10.3 50.79 8.00 61.9
4 28 19 32.14 12.7 5476  15.7 44.05 10.33 63.1
L.S.D at 5% at 1%
Time 1.63 1.43
Conc. 0.63 0.79
Time X conc. 3.61 4.17

A= The average of body weight gain (gm)
B= Percent reduction of weight corresponding to control

Treatments of rats with halosulfuron-methyl and
clethodim led to a considerable reduction in body
weight compared to control in a dose-dependent
manner, as shown in Table (2). The highest levels of
halosulfuron-methyl and clethodim significantly
reduced rat weight growth from 28 g to 12.7 and 10.33
g, correspondingly, in comparison to the control.

In addition, the findings of relative organ
weights of herbicide treatments and control rats are
shown in Table (3). The tested herbicides generated a
substantial rise in the relative weights of the liver,
kidneys, spleen, lungs, brain, and heart when given
orally, but a substantial decrease in the relative weights
of the testes when given orally compared to those of
the control group. Consequently, exposure led to a
significant decrease in the absolute and relative
weights (g) of the testes, as well as a substantial rise in
the relative weights of the liver and kidney.

Effect on Haematological Parameters:

In treated rats, halosulfuron-methyl and
clethodim generated a considerable decrease in RBC in
a dose-dependent manner, as shown in Table (4). These
medications, however, led to a considerable rise in
WBC. These effects were more prominent in rats given
greater doses of halosulfuron-methyl (326 mg
a.i/kg/day) and clethodim (1773 mg a.i./kg/day),
respectively. In treated rats, halosulfuron-methyl and
clethodim generated a considerable decrease in RBC in
a dose-dependent manner, as shown in Table (4). These
treatments, however, led to a considerable rise in
WBC.

Effect of tested herbicides on liver function
parameters:

Serum enzymes are a valuable tool for
determining the cause of illness. They detect system
faults early enough to enable either forecasting or
possible solutions. In reflections of this, blood enzymes
and metabolic parameters in rats given daily oral sub-
lethal doses of halosulfuron-methyl and clethodim for 28
days were measured. Table (4) demonstrates that
halosulfuron-methyl and clethodim dramatically
elevated AST and ALT activity in a dose-dependent
manner. The highest doses of halosulfuron-methyl and
clethodim elevated AST activity from 64 U/ml to 75.33
and 84 U/ml, respectively, and ALT activity from 33.67
U/ml to 44.33 and 54.33 U/ml, consecutively, in serum
of halosulfuron-methyl and clethodim treated rats.

Effect on kidney function parameters:

Creatinine and uric acid levels in animal serum
can be used to detect nephrotoxicity caused by
exogenous substances early on. In live creatures, these
measurements are utilized as a measure of kidney
injury (Coles, 1986). In the serum of halosulfuron-
methyl and clethodim treated rats, creatinine
concentration (mg/dl) was dramatically raised and uric
acid concentration (mg/dl) was dramatically elevated in
a dose-dependent manner, as shown in Table (4). Thus,
the highest doses of halosulfuron-methyl and clethodim
elevated creatinine from 1.20 mg/dl in control to 2.70
and 2.29 mg/dl, respectively. On the contrary, these
doses raised uric acid concentrations from 43.30 mg/dl
in the comparison group into 59.60 and 49.80 mg/dl,
correspondingly.
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Table (3): Relative organs weights of male rats treated orally with sub-lethal doses of treatments for 4 weeks

Organs Liver Kidneys Spleen Lungs Brain Heart Testes
Treatments ! ! 1 ! ! ! l
Does /5 1/10 1/5 1/10 /5 1/10 1/5 1/10 1/5 1/10 1/5 1/10 1/5 1/10
Control 3.28 0.89 0.17 0.73 1.08 0.35 1.52
Inpul 75% WG 4.29 4.05 1.07 0.98 0.20 0.16 1.27 0.85 1.25 1.20 0.47 0.40 1.36 1.24
o,
pelectsuper 125% g0 348 1.10 0.91 024 019 125 LIl 142 120 053 046 124 119
o,

L.S.D at5% 0.28 0.08 0.21 0.12 0.11 0.21 0.20

(1) Increase (|) decrease relative to control
Table (4): Hematological parameters of male rats treated orally with sub lethal doses of Herbicides treated for 4 Weeks

Parameters Counts of Specific Activity Concentration

R.B. Cs W.B. Cs SGOT SGPT Creatinine Urea Hb
10%/mm’ 10%/mm’ U/ml U/ml mg/dl mg/dl

Treatments ! 1 1 1 1 1 g/ l(iOml
Does 1/5 1/10 1/5 1/10 1/5 1/10 1/5 1/10 1/5 1/10 1/5 1/10 1/5 1/10
Control 6.42 4.85 64 33.67 1.20 43.30 18
Hhalosulfuron- 3.04 3.43 6.91 646 9333 7533 57.67 4433 3.16 270 6817  59.60 1233 13
methyl
Clethodim 2.84 3.31 6.95 591 97.67 84 67.03 54.33 3.06 2.29 59.49 49.80 11 11.33
L.S.D at 5% 0.87 0.52 11.78 6.31 1.05 4.97 3.21

» (1) Increase () decrease relative to control.
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DISCUSSION

Body weights

The decrease in body weight gain of treated rats
compared to control may be due to the reduction of
food intake as a result of poor palatability (taste) of the
toxic diet. The elevation or decline in body weight is a
measure of the toxicity of a substance (Lu, 1996). The
loss of body weight in rats caused by pesticide
exposure is a regular occurrence (Chung et al., 2002;
Shama et al., 2005; Kalender et al., 2006; Mansour and
Mousa, 2010). In contrast, the body weight of rats
given carbofuran increased significantly (Brkic et al.,
2008). The reduced body weight of treated rats might
be related to either the herbcide’s harmful effects or the
diet’s lower palatability (Paul, 2009). Decreases in
body weight following exposure to the toxic chemicals
were sensitive indicators of toxicity (Lee ef al., 2001;
Teo et al., 2002; Tayeb et al. 2010). The decrease in
body weight growth of treated rats compared to
untreated rats might be attributable to the treated rats'
reduced food and water consumption.

Organ weight

The only overt sign of toxicity was decreased rat
body weight gain and food consumption in male rats
especially at high dose level. There were also changes
in internal organs weights due to the enlargement of
liver was might attributed to the accumulation of
abnormal amount of fat (lipids) in the parenchymal
cells of treated rats. The reduction of testes weight
might be due to the reduction of the bioavailability of
androgen, reduce the number of germ cells, inhibition
of spermatogenesis and steroidogenic enzyme activity.
Also, other organ system may be involved, including
the brain; therefore, one could attribute the
enlargement of the target organs to their increased
activities. However, the increase in relative kidney
weight could be due to edema and inflammation of
kidney tissue. The higher studied doses of
halosulfuron-methyl and clethodim increased absolute
liver weight. These findings were consistent with those
obtained by (Garg ef al., 1987; Zulalian, 1990; Shah et
al., 1994, 1997; US EPA, 1997; Hazarika and Sarkar
2001; TOXNET, 2003; Balkan and Akta 2005) to the
two herbicides compared to corresponding controls.
However, absolute kidney weight was lower in
herbicide-treated rats than in control rats, that WHO
(1996) stated that absolute kidney weight increased in
males at 5000 mg/kg. However, Shah et al. (1998)
mentioned that the chronic toxicity of pendimethalin
was studied in adult male rats, pendimethalin had no
significant effect on relative kidney weights. Organ and
relative organ weights are significant factors for
evaluating organ toxicity in toxicological studies
(Timbrell, 2000; Crissman et al., 2004). The formation
of aberrant cells might explain the expansion of the
liver and kidneys, as well as their weight gain, in
pesticide-treated rats. The buildup of triglycerides was
caused by a conflict between the rate of triglyceride

synthesis and the rate of triglyceride release into the
systemic circulation by parenchymal cells (Plaa, 1975).

Haematological Parameters

These effects were more prominent in rats given
high sub lethal doses of halosulfuron-methyl (326 mg
a.i/kg/day) and clethodim (1773 mg a.i. /kg/day),
consecutively. It have been reported that the reduction
in RBCs counts may be attributed to more than one
factor. First, the failure to supply the circulation with
cells from hematopoietic tissues which might have
suffered from a destructive effect of the toxicant on
these tissues. Second factor might be the possible
destructive effect of toxicants to red blood cell
membranes. In addition, the decrease in Hb values may
be due to the reduction in the general food intake by
rats of no extra iron. El-Bakary et al. (1995) found that
hemoglobin concentrations are closely related to RBC
count. According to Eissa and Zidan (2009), the
inability to supply the blood circulation with cells from
hemohepatic tissues, which plays a key role in the
regeneration of RBCs, and hence hemoglobin
concentration, might be attributable to pesticides. The
rise in WBCs in herbicide-treated rats, on the other
hand, might be due to the animal's defensive
mechanism and immune system being activated,
causing it to release cells that fight foreign invaders,
demonstrating that halosulfuron-methyl and clethodim
are hazardous to biological systems. Similar results on
the effect of pesticides on hematological parameters
were found by Marzouk et al. (2005), Eissa and Zidan
(2009), Mossa and Abbassy (2012). In comparison to
control rats, the results of this section of the study
demonstrate that oral administration of sub-lethal dose
of halosulfuron-methyl and clethodim to male rats
caused hematotoxicity.

Liver function parameters

For the activities of amino transaminases are
normally intracellular enzymes. (AST) increase in
plasma is markedly myocardial infraction, while (ALT)
increases in plasma are markedly liver cirrhosis due to
hebatotoxicity causing permeability and leakage of
lysosomal enzymes which enhanced the release of
these enzymes. The findings presented above are
similar to that reported by many authors (Shrivastava et
al.,, 1991; Adeniran et al., 2006; Yousef et al., 2006;
Eissa and Zidan, 2009; Abbassy and Mossa, 2012) who
mentioned pesticides induced considerable changes in
various biochemical markers in the serum of pesticide-
treated rats, and serum total proteins were elevated
under the effect of pesticides (Soliman et al., 1983).
Farag et al. (1994) stated that the herbicides glyphosate
and fluazifop-butyl, when given orally to adult albino
rats, raised blood total protein and blood glucose
levels. El-Sharkawy et al. (2011) discovered a dose-
dependent rise in blood glucose, total protein, and
cholesterol in fish exposed to 10% and 5% LCsy of
Stomp Reg. On contrary, pesticides considerably
lowered serum cholesterol concentration, according to
Boudreau and Nadeau (1987), and Enan (1983). Also,
Stomp 30 had no impact on total protein levels in
treated rats, according to Shah et al. (1998).
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Kidney function parameters

The change in wuric acid and creatinine
concentrations in the blood of treated rats might be due
to a decrease in glomerular filtration in the kidney, as
well as renal tubule malfunction (Hayes 1989;
Walmsley and white, 1994).

CONCLUSION

Herbicide exposure leads to abnormal
hematological and biochemical activities as well as
induced Oxidative stress in rats, which in turn leads to
observable toxicity. Treating rats with both herbicides
for 28 days induced a significant decrease in RBC
counts, and hemoglobin content. In contrast, the effects
of both herbicides led to a significant increase in WBC
counts. Additionally, tested herbicides exposure led to
a significant increase in the production of
transaminases, ALT and AST enzymes. The results
also revealed a significant increase in serum creatinine
levels in response to toxicity of tested compounds,
which might be due to kidney function impairment by
the herbicide that was used for this study. It is
concluded that these herbicide effects may be
attributed to induced Oxidative stress, which in turn led
to the toxicity that was recorded in this work. The
present study suggests that herbicides must be
examined for their possible adverse effects on animals
and humans before their application to agricultural
fields. Therefore, further studies are needed for
assessing the prevalence and severity of such damage
from prolonged exposure to herbicides.

REFERENCES

Abbassy, M. and A. H. Mossa (2012). Haemato-
biochemical effects of formulated and technical
cypermethrin and deltamethrin insecticides in
male rats. Journal of Pharmacology and
Toxicology, 7: 312-321.

Adeniran, O. Y., M. A. Fafunso, O. Adeyemi, A. O.
Lawal, A. Ologundudu and A. A. Omonkhua
(2006). Biochemical effects of pesticides on
serum and urinological system of rats. J.
Applied Sci., 6: 668-672.

Adigun, J., O. A. Osipitan, S. T. Lagoke, R. O.
Adeyemi and S. O. Afolami (2014). Growth
and yield performance of cowpea (Vigna
unguiculata (L.) Walp) as influenced by row-
spacing and period of weed interference in
south-west Nigeria. J. Agric Science, 6(4):
188-198.

Balkan, S. and T. Akta (2005). Study on the liver
functions in rats exposed to benomyl. Journal
of Biological Sciences, 5(5): 666-669.

Bartles, H., M. Bohmer and C. Heirli (1972). Serum
creatinine  determination without protein
precipitation. Clin, Chem, Acta, 37: 193-197.

Bolognesi, C. (2003). Genotoxicity of pesticides: a
review of human biomonitoring studies.
Mutation Research, 543: 251-272.

Boudreau, J. and D. Nadeau (1987). Lung hydrolases
in paraquat poisoning early rarely response of

alkaline phosphatase. J. Toxicol Environ.
Health, 22(3): 329-340.

Brkic, D. V., S. L. Vitorovic, S. M. Gasic and N. K.
Neskovic  (2008). Carbofuran in water:
subchronic toxicity to rats. Environmental
Toxicology and Pharmacology, 25: 334-341.

Chung, M. K., J. C. Kim and S. S. Han (2002).
Developmental toxicity of flupyrazofos, a new
organophosphorus insecticide, in rats. Food
and Chemical Toxicology, 40: 723-729.

Coles, E. H. (1986). Veterinary Clinical Pathology 4™
Edition. W. B. Saunders Co. Philadelphia.

Crissman, J. W., D. G. Goodman, P. K. Hildebrandt, R.
R. Maronpot, D. A. Prater, and J. H. Riley
(2004). Best practice guideline: Toxicologic
histopathology. Toxicol. Pathol., 32: 126-131.

Culpepper, A. S., T. L. Grey and T. M. Webster
(2009). Vegetable response to herbicides
applied to low density polyethylene mulch
prior to transplant. Weed Technol., 23: 444-
449.

Dalsenter, P. R., E. Dallegrave, J. R. B. Mello, A.
Langeloh, R. T. Oliveira and A. S. Faqui
(1999). Reproductive effects of endosulfan on
male offspring of rats exposed during
pregnancy and lactation. Hum. Exp. Toxicol.,

18: 583-589.
Drabkin, D. L. and J. H. Austin (1932).
Spectrophotometric studies:

spectrophotometric constants for common
haemoglobin derivatives in human, dog and
rabbit blood. J. Biol. chem., 98: 719.

Duggleby, R. G., J. A. McCourt and L. W. Guddat
(2008). Structure and mechanism of inhibition
of plant acetohydroxyacid synthase. Plant
Physiol. Biochem., 46: 309-324.

Eissa, F. I. and N. A. Zidan (2009). Haematological,
Biochemical and histopathological alterations
induced by abamectin and  Bacillus
thuringiensis in male albino rats. Australian
Journal of Basic and Applied Sciences, 3(3):
2497-2505.

Elalfy, M. M., M. S. Aboumosalam and F. R. Ali
(2017). Biochemical, hematological and
pathological effects of bispyribac sodium in
female albino rats. J Vet Sci Technol., 8: 467.

El-Bakary, A. S., A. F. Abdel-Gawad, M. M. El-Mofty
and S. 1. Attia (1995). Effect of dimethoate on
some haematological parameters of toad
Buforegularis. J. King Saud Univ., 7: 85-93.

El-Sharkawy, N. I. R. M. Reda and 1. E. El-Araby
(2011).  Assessment of stomp  Reg.
(Pendimethalin) toxicity on Oreochromis
niloticus. The Journal of American Science,
7(10): 568-576. 41 Ref.

Enan, E. E. (1983). Comparative biochemical effects of
three aliphatic organophosphorus insecticides
on white rats. Int. Pest. Control., 25(2): 42-44.

Farag, R. S., O. M. Abdel-Fatah, M. S. Abdel-Lattif
and G. A. Abdel-Rahim (1994). Effect of pure
and formulated glyphosate and fluazifop-butyl
on blood constituents and enzyme activities of



Sub-Acute Toxicity of two Herbicides Halosulfuron-methyl and Clethodim on Male Albino Rats 41

albino rats. J|. Agric. Sci. Mansoura Univ.,
19(11): 3997-4010.

Fawcett, J. K. and J. E. Soctt (1960). A rapid and
precise method for the determination of urea. J
Clin Path., 1960; 113: 156.

Garg, S. K., A. M. Thaker, S. P. Verma, R. P. Uppal,
and B. D. Garg (1987). Neurotoxic effects of
pendimethalin- a weedicide. Indian J. Exp.
Biol., 25: 463-466.

Hayes, A. W. (1989). Principles and methods of
toxicology. Raven Press. 2™ edition, New
York.

Hazarika, A. and I. Sarkar (2001). Sub-acute toxicity of
anilofos, a new organophosphorus herbicide in
male rats: Effect on some physical attributes
and acetylcholinesterase activity. Indian J. Exp.
Biol., 39(11): 1107-1112.

Kalender, Y., M. Uzunhisarcikli, A. Ogutcu, F.
Acikgoz and S. Kalender (2006). Effects of
diazinon on pseudocholinesterase activity and
haematological indices in rats: the protective
role of vitamin E. Environ. Toxicol.
Pharmacol., 22(1): 46-51.

Lee, K., V. L. Johnson and B. R. Blakley (2001). The
effect of exposure to a commercial 2,4-D
formulation during gestation on the immune
response in CD-1 mice. Toxicol., 13: 39- 49.

Lu, F. C. (1996). Basic Toxicology: Fundamentals,
Target Organs and Risk Assessment. 3 Edn.,
Taylor and Francis, Washington, DC., USA.,
ISBN-13: 9781560323792, Pages: 358.

Mansour, S. A. and A. H. Mossa (2010). Adverse effects
of lactational exposure to chlorpyrifos in
suckling rats. Hum. Exp. Toxicol., 29: 77-92.

Marzouk, M. A., F. S. Sabra and A. H. Mossa (2005).
Haematological profile of technical and
formulated tribenuron-methyl of male albino
rats. Alex. J. Agric. Res., 50(2): 161-166.

Mossa, A. H. and M. Abbassy (2012). Adverse
haematological and biochemical effects of
certain formulated insecticides in male rats.
Res. J. Environ. Toxicol., 6: 160-168.

Norsworthy, J. K., S. M. Ward, D. R. Shaw, R. S.
Llewellyn, R. L. Nichols, T. M. Webster, K.
W. Bradley, G. Frisvold, S. B. Powles, N. R.
Burgos, et al. (2012). Reducing the risks of
herbicide  resistance: = Best management
practices and recommendations. Weed Sci. 60:
31-62. [Cross Ref]

Paul, M. C. (2009). Final report of fluroxypyr human
health and ecological risk assessment. USDA
Forest Service Contract: AG-3187-C-06-0010.
Home Page: www.sera-inc.com.

Plaa, G. L. (1975). Toxic responses of the liver.
Chapter 10. In: Toxicology, The Basic Science
of Poisons. Edited by Doull, C.D. Klaassen and
M.C. Amdur, Macmillan Publishing Co. Inc.
New York.

Reitman, A. and S. Frankel (1957). A colorimetric
method for the determination of serum
glutamic oxalacetic and glutamic pyruvic
transaminases. Amer. J. Clin. Pathol., 28: 56-
63.

Saini, R. K., J. Malone, G. Gill, et al. (2017).
Inheritance of evolved clethodim resistance in
Lolium rigidum populations from Australia.
Pest Manag. Sci., 73(8): 1604—-1610.

Sendecor, G. W. and W. G. Cochran (1980). Statistical
methods. Oxford and J.B.H. publishing Co., 7™
Ed.

Senseman, S. A. (2007). Herbicide Handbook. 9th ed.
Champaign, II. Weed Science society of
America. Pp. 76-78.

Shah, M. A. A., S. K. Garg and K. M. Garg (1997).
Sub-acute toxicity studies on pendimethalin in
rats. Indian J. Pharma., 29: 322-324.

Shah, M. A. A., S. K. Garg, K. M. Garg, M. M.
Farooqui, A. Alam and M. Sabir (1994).
Toxicological evaluation of Stomp 30 EC
(pendimethalin) with particular reference to
hematological and hemo-biochemical changes
in rats. Indian Journal of Toxicology, 1(1&2):
17-24.

Shah, M. A. A., S. K. Garg, K. M. Garg, M. M.
Farooqui, and M. Sabir (1998). Chronic
toxicity studies on pendimethalin in rats. Indian
Journal of Toxicology, 5(1): 41-44. 4 Ref.

Shama, Y., S. Bashir, M. Irshad and T. C. Nag (2005).
Dimethoate-induced effects on antioxidant
status of liver and brain of rats following
subchronic exposure. Toxicology, 215: 173-
181.

Shrivastava, A. K., B. N. Gupta, A. K. Mathur, N.
Mathur, P. N. Mahendra and R. S. Bharti
(1991). The clinical and biochemical study of
pesticide sprayers. Hum. Exp. Toxicol., 10:
279-283.

Soliman, S. A., E. Charlet, A. Curley, K. S. El-Gendy,
N. S. Ahmed and J. S. Farmer (1983). Effect of
neurotoxic organophosphates on the levels of
some enzymes and other biochemical
components in sheep blood. Proc. Int. Conf.
Env. Haz. Agrochem., 1: 494.

Soltani, N., R. E. Nurse, C. Shropshire and P. H.
Sikkema (2009). Effect of halosulfuron applied
preplant incorporated, preemergence, and
postemergence on dry bean. Weed Technol.,
23:535-539.

Stevens, M. T. (1976). The value of relative organ
weights. Toxicology. Vol. 5, Issue 3, March
1976, Pages 311-318.

Tayeb, W., A. Nakbi, M. Trabelsi, N. Attia, A. Miled
and M. Hammami (2010). Hepatotoxicity
induced by sub- acute exposure of rats to 2,4-
Dichlorophenoxyacetic acid based herbicide
"Desormonelourd". J. Hazard Mater, Vol. 180:
225-233.

Teo, S., D. Stirling, S. Thomas, A. Hoberman, A.
Kiorpes and V. Khetani (2002). A 90-day oral
gavage toxicity study of d-methylphenidate and
d, 1-methylphenidate in Sprague-Dawley rats.
Toxicology, 174: 183196.

Timbrell, J. A. (2000). Biomarkers of organ toxicity.
Arch. Ind. Hyg. Toxicol., 33: 295-302.

TOXNET (2003). http://toxnet.nlm.nih.gov/cgi-bin/sis/
search Accessed February 14, 2006.



42

Abuzeid et al., 2021

Turner, J. A. The Pesticide Manual (2015) A World
Compendium, 17" ed.; British Crop Production
Council: Alton, Hampshire, UK, 2015. Or "The
Pesticide Manual", 17" edition, The British
Crop Protection Council and the Royal Soc. of
Chemistry.

US EPA (U. S. Environmental Protection Agency)
(1997). Registration eligibility decision (RED);
Pendimethalin. USEPA, Prevention, Pesticides
and Toxic Substances (7508W). EPA 738-R-
97-007, June 1997.

US EPA (2020). United States Environmental
Protection Agency. Washington, dc 20460.
office of chemical safety and pollution
prevention available from, as of January 28,
2020: https://www3.epa.gov/pesticides/chem_s
earch/ppls/002749-00528-20200128.pdf

USEPA. Federal Register (2010). May 12, (Volume
75, Number 91). [EPA-HQ-OPP-2009-0307;
FRL-8822-7] "Clethodim; Pesticide
Tolerances".

Villaverde, J. J., B. Sevilla-Moran, C. Lopez-Goti, et
al. (2018). Photolysis of clethodim herbicide
and a formulation in aquatic environments: fate
and ecotoxicity assessment of photoproducts
by QSAR models, Sci. Total Environ., 615:
643-651.

Walmsley, R. N. and G. H. White. (1994). A guide to
diagnostic clinical chemistry. 3" ed., Blackwell
Scientific Puble., Oxford, Boson and
Melbourne.

WHO (World Health Organization). (1996). Guide
lines for drinking-water quality, 2" ed. Vol.2.
Health  criterion and other supporting
information. Available on  net  at:
www. Who.int/docstore/water sanitation healt
h/GDWQ/Chemicals/pendimethalinfull.htm.

Yousef, M. 1., T. I. Awad and E. H. Mohamed (2006).
Deltamethrin-induced oxidative Damage and
biochemical alterations in rat and its
attenuation by Vitamin E. Toxicol., 29, 227(3):
240-247.

Yu, Q., A. Yu, M. Q. Collavo, Zheng, et al. (2007).
Diversity of acetyl-coenzyme A carboxylase
mutations in resistant Lolium populations:
evaluation using clethodim, Plant Physiol.,
145(2): 547-558.

Zahkouk, S. A. M. (1999). Laboratory Findings and
Clinical Investigations. First edition: p 20-
21,42.

Zulalian, J. (1990). Study of the absorption, excretion,
metabolism, and residues in tissues of rats
treated with carbon 14 labeled pendimethalin,
Prowl herbicide. J. Agric. Food Chem., 38:
1743 54.10-118.

S e SIS Jioa — g sl g LAY Cilasa (pa Y BAAY cind yand
sl Gl 5983 Ao Al gilasgd) g daibiasS gl) (usilBall

\u-‘:‘)* g9 3 grua e éJJAUMiAAMm ¢ odlaa L) odlea el ¢ gjﬁiaﬁ?ﬂuﬁi.\& daaa
mn - 36303 22516 - s Amala - Aol AS - clall 85
e = 58l - a3 daals - de ), 0 IS - clall A ad”
e dabie Lo~ ol 818 Al e 311 A0S - Ll A3

ans 5 K 5 1 e Feiiadl eyl s s s - (3 ik sl LT sl Aol 30 R 3 3
-UJJJAL..)SLAU.AA;\L;PQU\}\;]\gLL;L\(J@; eﬂ\é.\)lausu}qY/\ﬁ&alcw\u)\;ﬂ\u\)ﬁ)ﬁh&:dﬂl}eﬂ\uuj&o
B XJARCRK /\JMJM\J(HA}\UJJU_AEAS/PALVYTJ\TV)FJM\J(H&\UJJU_A?AS/EAL\V\’T'j/\/\'l)d_u.m
(JJM\)MJM\&M@U\MM\;—\.Al\;\.Lan\ruu.\;‘;e).\mu}\m\Jﬂ\duu.\md\wdﬁum.\ﬂ‘\hm\@)ﬂ\
UJJJHA.“UJ}aJL\JL;\MLAYDc&w\u\)ﬂmﬁ\w&jﬂu@}eﬂ\uh)&um&cu;).\.\;d\um.\.m!\)uhmbﬁ
M@‘dydu\ddwd&udﬁ\&w‘u\)ﬂ‘dﬁu&mﬂj@uﬂ\uj;ﬂjw‘uj‘j&adh)hdmulsel.cds.uu‘j cLAQY\
UAMLMQ_\\_\)M&QM\J@\thﬂ\}&}\}&ﬁ\jﬂ@\u\)j\}“u\un@cujud\ﬂa\.uu\.@_ujmml‘)<~‘~°
et Al Hall Jae cile all cola el Sl A lalell @ chiaal dloladll u\)_\sl\@eﬁ\ uh;&u@@sﬁwq}hwj &m)\i\
32y Chias e B Cmsda gl A g o) aadl a0l LA 230 (8 (5 siaa (add G gan 288 op< v 0 0 die Ailias) AYD DDA gina
Mm‘w&j&ﬁU\uﬁu&‘sﬂ MJM\&wsﬂoJP}d\JMMJm&L’.A\u\)ﬂ\sﬁcw\eﬂ\u\)s.lﬂcuﬁaw
OS K Calls g e ‘).uLJ\ Al ) u\ U-‘Acs-e‘ ‘(ALT) oY) }A.MYU (AST) AUl sua¥l yalE Jall) e.\):‘)!\.bh.u “""“Jicﬁ‘
U‘}!Ju\ﬁuwmb‘)uja.;&cam‘u)@_k\ Aldbaall G a8l a3 o jas (B ) gl e 5 i ST b glse 5185 8 Dlias
MJL&«QM‘L&AL’.AJMJL&AJJ}&JJ}J‘UMJUMJLJ‘)Q\HLJ)MJ(ALT AST)A—\SS‘GAJ‘)J\L_\LJ"M‘SB p< f.0® die Ayilias)
el - (5 sl il oy 28 calal) Caat m paill 8 s 4] ) i) i A all dda pesaly 3l el calS 5 (J )
S 5 2kl e IS il 5 5 deadinall Cile jall 3 siaall calawall (e JAJST Eagas 1S ej“—‘t-’j&uﬁ’—.‘gs‘—'\)‘ﬁ’-‘ﬁdj-‘:‘lg\‘s
s 8 300 il - 035 il sl (st (o A€ 5 L AL 01 sl o fonad Sl ) ol Slemll 8 ol sl s

EWIRAR



