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ABSTRACT  
 

The present study was conducted to determine the effect of subacute oral toxicity of 
azimsulfuron (Gulliver 50% WG) and penoxsulam (Granite24% SC) herbicides on adult male albino 
rats at 2000 mg/kg body weight for 30 consecutive days followed by 30 days as a recovery period. 
Rats were sacrificed after 10, 20, 30 and 60 days from treatment. Body weight gain, organs weight, 
haematological and biochemical parameters and sperm dynamics were determined. General speaking, 
the body weight gains and relative testes weight of all treated rats significantly decreased comparing 
the control treatments, but it was almost the same in all treatments at the end of recovery period. In 
addition, varied increasing values were recorded with the relative weights of liver, kidneys, lungs, 
spleen, brain and heart, white blood cell counts (WBCs), plasma aspartate amino transferase (AST) 
and alanine amino transferase (ALT), alkaline phosphatase, creatinine and urea concentrations. On the 
other hand, red blood cell counts (RBCs), haemoglobin concentration (Hb), total protein content, 
sperm counts and sperm motilities were decreased in treated rats compared to those of control. 
Generally, candidate herbicides, particularly azimsulfuron, showed harmful toxic effects to treated 
rats during the experimentation periods. 
 
Key words: Subacute toxicity, azimsulfuron, penoxsulam, organs weight, haematological and 

biochemical parameters, sperm dynamics 

 
Introduction 
 

Azimsulfuron and penoxsulam herbicides belong to groups of sulfonylurea and 
triazolopyrimidine sulfonamides, respectively. Both herbicides acting by inhibition of 
acetolactatesynthetase (ALS) enzyme that is responsible for the formation of branched-chain amino 
acids (valine, leucine and isoleucine) which are necessary for synthesis of new plants tissues 
(Koschnick et al., 2007). Use of herbicides in controlling weeds is a part of agricultural management 
in the world. Unfortunately, the indiscriminate use of these herbicides may have impacts on nontarget 
organisms (Nwani et al., 2010). They may enter the human body through accumulation in fruits, 
vegetables, grains and water or accidentally (Deshmukh et al., 2013). However, many modern 
herbicides kill weeds selectively by impairing metabolic processes that are unique in the plant life. 
For this reason, their toxicities to mammals are generally low. Nonetheless, some herbicides cause a 
significant poison risk if they handled carelessly. In addition, many formulations contain adjuvants 
(stabilizers, penetrants, surfactants) that may pose adverse hazards or toxic effects (Sabra et al., 2005). 
As the use of herbicides is continuously increased and the farmers are not aware about their harmful 
effects, the unconscious use of such herbicides may cause adverse effects to human beings. So, our 
study was carried out to assess the effects of subacute oral toxicity of azimsulfuron and penoxsulam 
herbicides on some biological, haematological and biochemical parameters of male albino rats.  
  
Materials and Methods 
 

The experiments were carried out in Plant Protection Department, Faculty of Agriculture, Al-
Azhar University, Nasr City, Cairo, Egypt. 
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Chemicals 
 

Azimsulfuron (Gulliver 50%WG) and penoxsulam (Granite 24% SC) were purchased from Du-
Pont Egypt and Samtrade Companies, respectively. All other chemicals used were in analytical grade 
and obtained from Biodiagnostic Company, 29 Tahreer, St., Dokki, Giza, Egypt. 
 
Animals 
 

Forty eight Wistar albino male rats (Rattus norvegicus albinus) weighing 210- 250 g were 
obtained from Helwan Farm of Egyptian Organization for Vaccine and Biological Preparations 
(VACSERA), Helwan, Cairo, Egypt. The rats were acclimatized for one week at room temperature of 
28 ± 2 °C, with a 12-h light/darkness cycle and relative humidity of 50–60%, before start of the 
experiments. During acclimatization and experimental periods, rats were provided drinking water and 
normal rat chow ad libitum. The diet consisted of a commercial brand of rabbit ration in pellet form 
containing all the dietary needs. It was obtained from El-Salam Factory for Dry Ration, El-Marg, 
Cairo, Egypt. Rats were housed in suspended metal cages (35 x 20 x 25cm) with wire mesh bottom to 
minimize coprophage as far as possible. 
 
Animals dosing 
 

After acclimatizing period, either azimsulfuron or penoxsulam at dose 2000 mg/kg b.w. were 
dissolved in appropriate volume of distilled water and used as a subacute single oral intubation dose 
day after day for 30 days followed by 30 days as recovery period free from toxicants .Group of 
control animals treated with distilled water only. Rats treated with tested oral doses using a plastic 
syringe attached to a curved stainless steel animal intubation needle with spherical ball tip.  
 
Experimental design 

 
The 48 healthy adult male rats were divided into three main groups as follows: 

Group 1: consists of 16 male rats divided into 4 subgroups treated with single oral dose 2000 mg/kg 
b.w. of azimsulfuron herbicide. 

Group 2: consists of 16 male rats divided into 4 subgroups treated with single oral dose 2000 mg/kg 
b.w. of penoxsulam herbicide. 

Group 3: consists of 16 male rats divided into 4 subgroups used as a control (received diet and water 
only). 

 
Animal handling and sampling 
 

Each subgroup of 4 animals from each main group (16 rats) were sacrificed under diethyl ether 
effect at 10, 20, 30 days from herbicide administration, and 30 days of recovery period. Blood 
samples were withdrawn directly from the heart by cardiac puncture using sterilized syringes; each of 
which was divided into two portions. The first portion was put in plastic test tube without 
anticoagulant and allowed to stand for complete clotting then, centrifuged at 4000 rpm for 20 minutes 
at room temperature to separate the red blood cells from plasma. Plasma samples were divided into 
aliquot portions to avoid repeated freezing and thawing, and stored in a deep freezer at -20 °C till 
different assays will carried out. The second portion was mixed with ethylenediamintetra acetic acid 
(EDTA) and used as fresh as possible for counting the white blood corpuscles (WBCs), red blood 
corpuscles (RBCs) and to determination of haemoglobin concentration (Hb concen.). 

Body weight gains were calculated in grams (g) at the end of each experimental period using a 
sensitive balance according to the following formula:  
Body weight gain = Final Body Weight (g) - Initial Body Weight (g) 

Selected organ tissues (liver, kidneys, lungs, spleen, heart, brain and testes) were carefully 
dissected from the sacrificed animals and put into petri dishes, trimmed of excess fat, rinsed with 
saline and weighed.                  
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Organs weight was standardized to 100 g body weight of each rat and relative organs weight /100 g 
rat body weight was calculated as follows:  
 

          Relative organ weight (g/100 g)    =
�������� ����� ������ (�)

����� ���� ������ (�)
× 100 

 
After organ weight measurements at necropsy, testes and epididymis of four male rats from 

each subgroup were processed for sperm analysis (Lubicz-Naworcki and Chang, 1974 a, b). Sperms 
were counted and the motility of epididymal sperm was determined as a percentage which was 
progressively motile. 
 
Haematological and biochemical parameters 
 
Haematological and biochemical parameters were determined as follows: 

1- Haemoglobin concentration was estimated by standard procedure according to Drabkin and 
Austin (1932). 

2- Total red and white corpuscles count using haemocytometer (Zahkouk, 1999). 
3- Plasma aspartate (AST) and alanine (ALT) amino transferases according to Reitman and 

Frankel (1957). 
4- Alkaline phosphatase according to EL-Aaser et al. (1977). 
5- Total protein content according to Young (2001). 
6- Creatinine concentration according to Bartles et al. (1972). 
7- Urea concentration according to Fawcet and Soctt (1960).  

 
Statistical analysis  
 

Data were subjected to statistical analysis according to the procedures reported by Sendecor and 
Cochran (1980) and mean values were compared by F test (the least significant differences, L.S.D.) at 
5 and 1%. 
 
Results and Discussion 

 
General observations  

Conspicuous feature of intoxication with candidate herbicides is a considerable 
reduction in body weight gain of all treated rats compared to control. Results showed that 
during the exposure period, rats treated by the two herbicides had conspicuous reduction rates 
in their body weight gains after 30 days compared to control group. Such reduction rates, 
however, became normal with all treatments at the end of recovery period. Data in Table (1) 
indicate that maximum reduction in animals body weight gain was observed in male rats 
administered azimsulfuron especially after 10 days (54.76 %) compared to (38.09 %) for 
penoxsulam at the same dose. 

In this respect EPA (2004) cited that body weights, body weight gains and food 
consumption were decreased in male rats administered penoxsulam orally at 250 and 500 
mg/kg/day for 90 days compared to controls. However, APVMA (2006) found that the body 
weight gains of male rats administered azimsulfuron by gavage at 2200 mg/kg/day over a 2-
week period (10 doses) were decreased during the dosing period, but a group of rats allowed 
a 2-week recovery period gained weight normally.    

It was suggested that the reduction in body weight gain in treated rats may be attributed 
to either toxic effects of herbicide or decreasing palatability of the diet (Paul et al. 1995). 
Also, Lee et al. (2001) and Tayeb, Wafa et al. (2010) cited that decrease in body weight gain 
in treated rats compared to control could be due to the reduction in food and water intake in 
treated rats.  
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Table 1: Reduction in body weight gain (g) of male albino rats treated orally with azimsulfuron and penoxsulam 
both at 2000 mg kg-1. 

Periods 
 
 
Treatments  

Treatment periods in days Recovery period in days 

10 20 30 10 20 30 

Control 
10.50 

(0.00%) 
22.50 

(0.00%) 
30.50 

(0.00%) 
11.25 

(0.00%) 
20.00 

(0.00%) 
26.75  

(0.00%) 

Azimsulfuron 
4.75 

(54.76%) 
13.25 

(41.11%) 
19.75 

(35.24%) 
8.50 

(24.44%) 
20.5 

(-2.5%) 
28.25       

  (-5.60%) 

Penoxsulam 
6.50 

(38.09%) 
16.75 

(25.55%) 
23.25 

(23.77%) 
9.75 

(13.33%) 
22.75 

(-13.75%) 
29.25 

(-9.34%) 

L.S.D at 5% at 1% at 5% at 1% 

Treatment (T.) 
 

6.35 N.S N.S N.S 

Period (P.) 
 

3.48 4.68 1.76 2.37 

Interaction (T× P.) 2.76 3.72 2.85 3.85 

 Each number represents the average of at least 4 replicates (rats). 
 Parenthetical numbers show the percent reduction of weight of each treatment from the control. 
 N.S = Not significant from the control. 

Relative organs weight 

Data listed in Table (2) showed that relative weights of liver, kidneys, heart, spleen, lungs and 
brain of rats exposed to azimsulfuron and penoxsulam herbicides were slightly increased compared to 
control rats. The obtained data revealed that maximum increase in relative organs weight was 
observed in rats treated with azimsulfuron. However, relative testes weights of treated rats were 
decreased compared to those of control. Our results are in agreement with those previously obtained 
(Gerspach, 2000; Yano et al., 2001; APVMA, 2006; EFSA, 2009; Boverhof, 2011; Du Pont, 2015). 

It was reported that enlargement in liver occurs when lipid accumulates as a result of diseases 
of the parenchyma cells in liver and hence increase in liver weight (Martin, 1983). Moreover, organs 
most commonly injured by environmental chemicals are those involved in absorption, detoxification 
and excretion of chemicals. Therefore, lungs, liver, spleen and kidneys injuries are clearly most 
frequently recognized (Fallon, 1987). However, increase in relative kidneys weight could be due to 
edema and inflammation of kidney tissue (Kalender et al., 2007 and Mahjoubi-Samet et al., 2008). 
The decreased weight of testes may be due to reduced tubular size, spermatogenic arrest and 
inhibition of steroid synthesis by leydig cells (Motabagani, 2007). However, Joshi et al. (2012 a) 
reported that reduction in testes weight may be due to decreased number of germ cells and elongated 
spermatids. 

 
Haematological parameters 
 

Obtained results revealed that blood picture parameters of WBCs, RBCs counts and 
haemoglobin concentration were significantly (P = 0.01) changed at all time intervals of treatment by 
two herbicides (Table, 3). General observations showed that there were significant increases in white 
blood cells counts; however, there were significant decreases in red blood cells counts and 
haemoglobin concentrations during the experimental periods compared to those of controls. 
Maximum WBCs values of 10.45 and 10.02 x 103/mm3 were found with azimsulfuron and 
penoxsulam at 30 days, respectively. Regarding RBCs counts and haemoglobin concentrations, the 
lowest values were recorded with azimsulfuron followed by penoxsulam at 30 days; these values were 
3.12 and 3.28 x 106/mm3 for RBCs counts, and 7.62 and 9.55 g/dL for haemoglobin concentrations, 
respectively. 

Our results are in accordance with those reported by Johnson et al. (2002) who concluded that 
RBCs counts and haemoglobin concentration were decreased at 3 – 6 months in rats treated with 
penoxsulam at 5, 50, and 250 mg/kg/day.  However, APVMA (2006) found that erythrocyte counts 
were decreased in rats fed azimsulfuron at 20000 ppm for 13 weeks. Increase rate of erythrocyte 
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Table 2: Relative organs weight (g/100g ± SE) in male albino rats treated orally with azimsulfuron and penoxsulam both at 2000 mg kg-1. 

      Treatments 
Periods 

Liver Kidneys Heart Spleen 

Control Azimsulfuron Penoxsulam Control Azimsulfuron Penoxsulam Control Azimsulfuron Penoxsulam Control Azimsulfuron Penoxsulam 

10 days 3.63± 0.50 3.84± 0.62 3.74±  0.71 0.69±  0.11 0.77±  0.17 0.78 ±  0.26 0.30 ±  0.15 0.36 ±  0.04 0.35 ±  0.03 0.36± 0.07 0.46±  0.27 0.38± 0.17 

20 days 3.56± 0.16 3.89±  0.40 3.79±  0.14 0.64±   0.11 0.82±  0.05 0.79 ±  0.17 0.32 ±  0.04 0.37 ±  0.03 0.37 ±  0.11 0.37±  0.11 0.47±  0.23 0.41± 0.09 
30 days 3.51± 1.35 3.93±  0.62 3.88±  0.17 0.65±  0.12 0.88±  0.31 0.83 ±  0.05 0.33 ±  0.18 0.40 ±  0.10 0.39 ±  0.07 0.37± 0.29 0.63±  0.18 0.48± 0.19 
Recovery 3.39± 0.84 3.72± 0.41 3.68±  0.53 0.67±  0.09 0.69±  0.16 0.75 ±  0.07 0.32 ±  0.08 0.37 ±  0.05 0.33 ±  0.04 0.36± 0.09 0.36±  0.11 0.29± 0.06 

L.S.D at 5 % at 1 % at 5 % at 1 % at 5 % at 1 % at 5 % at 1 % 

Treatment (T.) 
 

0.20 0.27 0.06 0.08 0.03 0.04 0.075 0.10 

Period (P.) 
 

0.26 0.35 0.08 0.11 0.04 0.05 0.08 0.11 

Interaction 
(T×P.) 

0.45 N.S 0.11 0.15 0.06 0.09 0.12 0.17 

 
Table 2 : Continue 

          Treatments 
 

Periods   

Lungs Brain Testes 

Control Azimsulfuron Penoxsulam Control Azimsulfuron Penoxsulam Control Azimsulfuron Penoxsulam 

10 days 0.68± 0.32 0.74± 0.26 0.70± 0.07 0.68±  0.13 0.69±  0.06 0.67± 0.06 1.38±   0.55 1.19±  0.18 1.15±  0.20 
20 days 0.61± 0.06 0.83± 0.22 0.73± 0.32 0.51± 0.05 0.72±  0.07 0.74± 0.18 1.42±  0.40 0.99±  0.11 1.03±  0.14 
30 days 0.63±0.23 1.01±  0.40 0.83± 0.45 0.57± 0.07 0.79±  0.16 0.76± 0.25 1.33±  0.09 0.94±  0.06 0.97± 0.29 

Recovery 0.69± 0.25 0.67±  0.28 0.67± 0.15  0.49± 0.02 0.62± 0.07 0.54±0.13  1.24±  0.21 1.05±  0.19 1.13±  0.28 

L.S.D at 5% at 1% at 5% at 1% at 5% at 1% 

Treatment (T.) 
 

0.10 0.14 0.06 0.09 0.10 0.13 

Period (P.) 
 

0.13 0.17 0.08 0.10 0.15 N.S 

Interaction 
(T × P.) 

0.2 0.26 0.08 0.12 0.19 N.S 

 Each number represents the average of 4 replicates (rats) ± SE (Standard Error). 
 N.S. = Not significant from control 
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Table 3: Haematological parameters in male albino rats treated orally with azimsulfuron and penoxsulam both at 2000 mg kg-1. 

    Treatments 
 
Periods 

)3/mm6N x10*RBCs (  WBCs (**N x103/mm3) Hb (g/dL) 

Control  Azimsulfuron  Penoxsulam  Control Azimsulfuron Penoxsulam  Control Azimsulfuron Penoxsulam 

10 days 4.48 
 ± 0.30 

3.61 
 ±0.53 

3.64 
±0.49 

6.36 
±1.86 

8.49 
±1.91 

8.29 
±0.66 

12.35 
±4.34 

11.21 
±0.48 

11.86 
±1.16 

20 days 4.74 
 ± 0.13 

3.33 
 ±0.44 

3.51 
±0.30 

6.07 
±0.81 

9.64 
±2.26 

9.44 
±3.18 

12.43 
±5.11 

9.42 
±3.58 

10.38 
±1.86 

30 days 5.36 
 ± 0.29 

3.12 
±0.70 

3.28 
±0.15 

5.92 
±0.63 

10.45 
±0.84 

10.02 
±1.30 

12.8 
±5.00 

7.62 
±1.88 

9.55 
±4.31 

Recovery  5.22 
± 0.71 

4.84 
±0.17 

4.73 
±0.23 

6.49 
±1.05 

8.24 
±0.65 

7.93 
±1.52 

12.27 
±2.71 

10.37 
±3.48 

10.63 
±2.58 

L.S.D at 5% at 1% at 5% at 1% at 5% at 1% 

Treatment 
(T.)  

0.42 0.56 0.73 0.98 1.26 1.69 

Period 
 (P.) 

0.57 0.76 1.37 1.83 1.69 2.26 

Interaction       
(T × P.) 

0.30 0.40 1.13 1.52 2.41 3.24 

 Each number represents the average of 4 replicates (rats) ± SE (Standard Error). 
 *N: The number x106/cubic millimeter (mm3),   **N: The number x103/ cubic millimeter (mm3). 
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destruction could be the possible reason for reduction in the number and size of erythrocytes (Yousef 
et al., 2003). 

In this regard, Rezg et al. (2007) said that reduction in erythrocytes count may be due to 
inhibition in production of red blood cells in bone marrow. However, decrease in Hb content may be 
due to decrease in RBCs count because Hb is an integral part of RBCs and/or to 
hypohaemoglobinemia (Saxena and Tomar, 2003), or may be due to reduction in general food intake 
by rats of no extra iron supply might reason for iron deficiency (Timchalk et al., 2007). 

On the other hand, leukocytosis in some cases may be due to a protective reaction in which 
leukocytosis protect the body when xenobiotic substances invade. Increase of WBCs count may also 
be found in leukemia in which uncontrolled abnormal proliferation of haemopoietic cells leads to 
progressive infiltration of the bone marrow in which a large number of immature forms are produced. 
These immature forms ultimately escape into the peripheral blood leading to very high leukocyte 
count (Saxena and Tomar, 2003). Moreover, Joshi et al. (2012 b) stated that increasing number of 
leukocytes can occur abnormally as a result of an infection, cancer, or toxic chemical. 

 
Biochemical parameters 
  

Obtained results showed that regardless time interval, there were significant differences 
between all examined parameters of treated and control rats (Table, 4). Results also revealed that 
azimsulfuron and penoxsulam both at 2000 mg/kg b.w. induced decrease in the level of total protein 
content and increase in activities of aspartate amino transferase (AST) and alanine amino transferase 
(ALT), alkaline phosphatase, creatinine and urea concentration of male albino rats. Maximum 
increase of biochemical parameters were observed in male rats treated with azimsulfuron. For 
example, levels of AST in male rats treated with azimsulfuron were 33.25, 40.75 and 50 U/L 
corresponding to 29.75, 34.75 and 44.75 U/L for penoxsulam at 10, 20 and 30 days, respectively. 
However, maximum decrease in total protein content was observed in rats treated with azimsulfuron. 
For example, levels of total protein in male rats treated with azimsulfuron were 4.54, 4.28 and 4.05 
g/dL corresponding to 5.32, 4.89 and 4.53 g/dL for penoxsulam at 10, 20 and 30 days, respectively. 

Our results are in agreement with (Yano et al., 2001; Stebbins & Baker, 2002 and Stebbins & 
Dryzga, 2004) for alkaline phosphatase activity; (Stebbins & Baker, 1998 and Hoban, 2014) for ALT 
activity; (Atkinson, 1991 and Altmann, 2000) for AST activity; (Richard, 1992) for creatinine 
concentration; (Bachmann, 1996 and Gerspach, 1998) for urea concentration and (Barrett, 1990) for 
total protein content. It was reported that higher ALT and AST activities in animals exposed to 
atrazine herbicide may be due to leakage of aminotransferase enzymes from injured liver cells (Jestadi 
et al., 2014). The increase in enzymatic activities (ALT, AST) in extracellular fluid or plasma may be 
a sensible indicator of cellular liver damage (Loro et al., 2015) , or pathological changes such as 
necrosis of hepatocytes, which causes an increase in permeability of cell membranes, resulting in 
release of aminotransferases in the blood stream (Ali et al. 2008). 

However, elevation of alkaline phosphatase activity in rats exposed to glyphosate herbicide for 
2 weeks may be attributed to damage in hepatocytes, bone, intestine and kidney, which are sources of 
this enzyme (El-Shenawy, 2009). On the other side, increases of plasma creatinine and urea levels 
reflect diagnosis of renal failure (Donadio et al., 1997). Whereas, Troudi et al. (2011) found that 
administration of 2,4-D herbicide to adult rats caused reduction in glomerular filtration rate 
objectified by reduced creatinine and a decline in creatinine excretion, which correlated with increase 
in creatinine and urea levels in plasma. 

Regarding the reduction of total protein content in our study, Yousef et al. (2006) stated that 
decrease in plasma proteins could be attributed in part to reverse effect of pesticides on liver cells. 
Moreover, reduction in plasma protein might occur because of physiological adaptation of animals to 
combat stress produced by pesticide (Chernaki-Leffer et al., 2013). 
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Table 4: Biochemical parameters in male albino rats treated orally with azimsulfuron and penoxsulam herbicides both at 2000 mg kg-1. 

     Treatments 
 
Periods 

sALT (U/L) sAST (U/L) Alkaline phosphatase (IU/L) 

Control  Azimsulfuron Penoxsulam  Control  Azimsulfuron Penoxsulam Control Azimsulfuron Penoxsulam  

10 days 30.00±3.65 41.00±5.88 37.25±11.81 23.25±1.91 33.25± 3.41 29.75±3.41 55.59±36.23 125.32±21.52 112.82±25.09 
20 days 29.50±4.16 53.25±7.72 50.00±7.83 24.50±2.58 40.75± 6.19 34.25±4.72 57.62±32.82 139.8±35.00 126.97±27.97 
30 days 32.50±6.21 67.50±12.90 59.75±9.71 23.75±2.51 50.00± 5.16 44.75±6.19 88.70±29.93 174.15±76.22 156.85±28.39 
Recovery 31.00±6.324 31.50±4.76  30.50±7.74 23.25±2.51 24.25± 2.51 23.50 ± 2.58 81.67±21.20  93.00±18.09  87.98±31.15 

L.S.D at 5% at 1% at 5% at 1% at 5% at 1% 

Treatment (T.) 7.9 10.55 5.35 7.14 20.67 27.61 
Period (P.) 8.63 11.53 6.10 8.16 28.91 38.62 
Interaction 

(T× P.) 
5.66 7.59 2.81 3.77 25.14 33.71 

 
         Table 4 : Continue.  

Treatments 
 

 
Periods    

Total protein (g/dL) Creatinine (mg/dL) Urea (mg/dL) 

Control Azimsulfuron Penoxsulam Control Azimsulfuron Penoxsulam Control Azimsulfuron Penoxsulam 

10 days 7.64±1.00 4.54±0.71 5.32±1.25 1.16±0.34 1.42±0.23 1.33±0.16 11.33±2.34 19.26±4.88 17.99 ± 1.41 
20 days 7.41±1.24 4.28±0.71 4.89±0.67 1.18±0.35 1.68±0.33 1.58±0.14 13.72±2.90 27.57±8.58 24.28 ± 4.49 
30 days 7.48±1.12 4.05±0.45 4.53±0.97 1.37±0.18 2.10±0.26 1.93± 0.18 14.90± 2.37 34.63±7.51 27.93± 5.58 

Recovery 7.28±1.53 7.05±1.20 7.19± 1.28 1.23±0.24 1.37±0.21 1.27±0.25 12.48±1.85 12.57±1.79 12.76 ± 1.94 

L.S.D at 5%                             at 1% at 5%                             at 1% at 5%                             at 1% 

Treatment (T.) 0.75 1.00 0.18 0.24 4.57 6.11 

Period (P.) 1.11 1.48 0.19 0.26 4.87 6.51 

Interaction     
(T × P.) 

0.75 1.01 0.18 0.24 3.18 4.27 

 Each number represents the average of 4 replicates (rats) ± SE (Standard Error). 
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Sperm dynamics 
  

Data in Table (5) indicated that sperm counts and sperm motility were significantly (p = 0.01) 
decreased at all-time intervals of administration. Maximum decrease in sperm counts was occurred 
with azimsulfuron followed by penoxsulam. These values were 53.12 x 106 ml-1 and 54.87 x 106 ml-1 
for azimsulfuron and penoxsulam, respectively, at the end of administration period. These findings 
indicated that effect of tested herbicides on sperm counts was increased with the increase of 
administration time (i.e. sperm counts effect is time-dependent). Moreover, maximum decrease in 
motility of adult male albino rats was produced by azimsulfuron (78.5%) followed by penoxsulam 
(80.5%) at the end of administration period compared to those of control rats. 

Our results are in accordance with the results obtained by Du pont (2015) that stated that 
repeated exposure to toxic dose of azimsulfuron can cause decrease in sperm counts. Sperm count is 
considered to be one of the most important factors that affect fertility (Bett et al., 1996). Suppression 
of gonadotropins (essential for normal sperm production) may decrease sperm density in testes and 
cauda epididymis (Huynh et al., 2000). Low caudal epididymal sperm density may be due to 
alteration in androgen metabolism (Choudhary et al., 2008). Moreover, (Song et al., 2008) reported 
that decrease androgen concentration results in decrease sperm production in testes and cauda 
epididymis.  

On the other hand, Joshi et al. (2012b) cited that administration of herbicides such as butachlor 
to male rats resulted in a significant decrease in the motility of sperm and sperm density. The marked 
inhibition of sperm motility may be because low level of adenosine triphosphate (ATP) content (Bai 
and Shi, 2002). Moreover, sperm motility is an important functional measurement to predict sperm 
fertilizing capacity (Aitken et al., 1984). Sperm motility may be affected by altered enzymatic 
activities of oxidative phosphorolytic process which is required for ATP production, a source of 
energy for the forward movement of spermatozoa (Joshi et al., 2007). In addition, pesticides have 
been implicated in altered thyroid function and decreased testosterone and estradiol, possibly leading 
to infertility later in life (Gilden et al., 2010). 
 
Table 5 : Sperm dynamics in  male albino rats treated orally with azimsulfuron and penoxsulam both at2000 mg 

kg-1 body. 

    Treatments 
 
Periods 

Sperm count /ml (N x106) % Motility 

Control Azimsulfuron Penoxsulam Control Azimsulfuron Penoxsulam 

10 days 61.75±2.64 54.62±1.70 55.75±3.87 93.00±4.898 83.00 ± 4.89 85.75± 5.97 
20 days 62.5±3.162 53.75±2.08 55.37±2.21 89.25±3.41 79.5± 4.16 83.5  ± 4.16 
30 days 63.25±3.69 53.12±4.78 54.87±2.21 90.75±6.60 78.5± 2.58 80.5 ± 2.58 
Recovery 62.62±2.50 60.12±2.21 60.25±2.08 89.75± 5.00 85.00 ± 3.65 86.75± 4.43 

L.S.D at 5% at 1% at 5% at 1% 

Treatment (T.) 1.76 2.36 2.17 2.90 
Period (P.) 3.07 4.10 3.88 5.19 
Interaction    
 (T × P.) 

2.08 2.79 3.23 4.34 

 Each number represents the average of 4 replicates (rats) ± SE (Standard Error). 
 (N x106): The total number of sperm counted by haemocytometer/milliliter. 

 

Conclusion 
 

In conclusion, the treatment of male albino rats with candidate herbicides lowered body weight 
gains, haematological values (except WBCs count which was elevated) and sperm dynamics, and 
raised organs weights (except testes weight which was lowered), the levels of selected liver (except 
total protein content which was decreased) and kidney biomarkers in treated rats compared to control 
animals. In another words, the herbicides are toxic to the body, blood and liver and kidney functions 
of exposed rats and may have deleterious effects to human health and the surrounding environment 
following longtime exposure. This strongly indicates that proper precautions need to be taken in use 
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of these pesticides; there are further studies needed for the better understand the toxicity and safety of 
herbicide formulations produced and applied in Egypt. 
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	Azimsulfuron and penoxsulam herbicides belong to groups of sulfonylurea and triazolopyrimidine sulfonamides, respectively. Both herbicides acting by inhibition of acetolactatesynthetase (ALS) enzyme that is responsible for the formation of branched-chain amino acids (valine, leucine and isoleucine) which are necessary for synthesis of new plants tissues (Koschnick et al., 2007). Use of herbicides in controlling weeds is a part of agricultural management in the world. Unfortunately, the indiscriminate use of these herbicides may have impacts on nontarget organisms (Nwani et al., 2010). They may enter the human body through accumulation in fruits, vegetables, grains and water or accidentally (Deshmukh et al., 2013). However, many modern herbicides kill weeds selectively by impairing metabolic processes that are unique in the plant life. For this reason, their toxicities to mammals are generally low. Nonetheless, some herbicides cause a significant poison risk if they handled carelessly. In addition, many formulations contain adjuvants (stabilizers, penetrants, surfactants) that may pose adverse hazards or toxic effects (Sabra et al., 2005). As the use of herbicides is continuously increased and the farmers are not aware about their harmful effects, the unconscious use of such herbicides may cause adverse effects to human beings. So, our study was carried out to assess the effects of subacute oral toxicity of azimsulfuron and penoxsulam herbicides on some biological, haematological and biochemical parameters of male albino rats. 
		
	Materials and Methods
	The experiments were carried out in Plant Protection Department, Faculty of Agriculture, Al-Azhar University, Nasr City, Cairo, Egypt.
	Chemicals
	Azimsulfuron (Gulliver 50%WG) and penoxsulam (Granite 24% SC) were purchased from Du-Pont Egypt and Samtrade Companies, respectively. All other chemicals used were in analytical grade and obtained from Biodiagnostic Company, 29 Tahreer, St., Dokki, Giza, Egypt.
	Animals
	Forty eight Wistar albino male rats (Rattus norvegicus albinus) weighing 210- 250 g were obtained from Helwan Farm of Egyptian Organization for Vaccine and Biological Preparations (VACSERA), Helwan, Cairo, Egypt. The rats were acclimatized for one week at room temperature of 28 ± 2 °C, with a 12-h light/darkness cycle and relative humidity of 50–60%, before start of the experiments. During acclimatization and experimental periods, rats were provided drinking water and normal rat chow ad libitum. The diet consisted of a commercial brand of rabbit ration in pellet form containing all the dietary needs. It was obtained from El-Salam Factory for Dry Ration, El-Marg, Cairo, Egypt. Rats were housed in suspended metal cages (35 x 20 x 25cm) with wire mesh bottom to minimize coprophage as far as possible.
	Animals dosing
	After acclimatizing period, either azimsulfuron or penoxsulam at dose 2000 mg/kg b.w. were dissolved in appropriate volume of distilled water and used as a subacute single oral intubation dose day after day for 30 days followed by 30 days as recovery period free from toxicants .Group of control animals treated with distilled water only. Rats treated with tested oral doses using a plastic syringe attached to a curved stainless steel animal intubation needle with spherical ball tip. 
	Experimental design
	The 48 healthy adult male rats were divided into three main groups as follows:
	Group 1: consists of 16 male rats divided into 4 subgroups treated with single oral dose 2000 mg/kg b.w. of azimsulfuron herbicide.
	Group 2: consists of 16 male rats divided into 4 subgroups treated with single oral dose 2000 mg/kg b.w. of penoxsulam herbicide.
	Group 3: consists of 16 male rats divided into 4 subgroups used as a control (received diet and water only).
	Animal handling and sampling
	Each subgroup of 4 animals from each main group (16 rats) were sacrificed under diethyl ether effect at 10, 20, 30 days from herbicide administration, and 30 days of recovery period. Blood samples were withdrawn directly from the heart by cardiac puncture using sterilized syringes; each of which was divided into two portions. The first portion was put in plastic test tube without anticoagulant and allowed to stand for complete clotting then, centrifuged at 4000 rpm for 20 minutes at room temperature to separate the red blood cells from plasma. Plasma samples were divided into aliquot portions to avoid repeated freezing and thawing, and stored in a deep freezer at -20 °C till different assays will carried out. The second portion was mixed with ethylenediamintetra acetic acid (EDTA) and used as fresh as possible for counting the white blood corpuscles (WBCs), red blood corpuscles (RBCs) and to determination of haemoglobin concentration (Hb concen.).
	Body weight gains were calculated in grams (g) at the end of each experimental period using a sensitive balance according to the following formula: 
	Body weight gain = Final Body Weight (g) - Initial Body Weight (g)
	Selected organ tissues (liver, kidneys, lungs, spleen, heart, brain and testes) were carefully dissected from the sacrificed animals and put into petri dishes, trimmed of excess fat, rinsed with saline and weighed.                 
	Organs weight was standardized to 100 g body weight of each rat and relative organs weight /100 g rat body weight was calculated as follows: 
	          Relative organ weight (g/100 g)    =absolute organ weight (g)whole body weight (g)×100
	After organ weight measurements at necropsy, testes and epididymis of four male rats from each subgroup were processed for sperm analysis (Lubicz-Naworcki and Chang, 1974 a, b). Sperms were counted and the motility of epididymal sperm was determined as a percentage which was progressively motile.
	Haematological and biochemical parameters
	Haematological and biochemical parameters were determined as follows:
	1- Haemoglobin concentration was estimated by standard procedure according to Drabkin and Austin, (1932).
	2- Total red and white corpuscles count using haemocytometer (Zahkouk, 1999).
	3- Plasma aspartate (AST) and alanine (ALT) amino transferases according to Reitman and Frankel, (1957).
	4- Alkaline phosphatase according to EL-Aaser et al., (1977).
	5- Total protein content according to Young, (2001).
	6- Creatinine concentration according to Bartles et al., (1972).
	7- Urea concentration according to Fawcet and Soctt (1960). 
	Statistical analysis 
	Data were subjected to statistical analysis according to the procedures reported by Sendecor and Cochran (1980) and mean values were compared by F test (the least significant differences, L.S.D.) at 5 and 1%.
	Results and Discussion



