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Abstract 

           The main objective of the present study was to evaluate 

the acute toxicity of Neemix and biochemical parameters 

(haemolymph glucose, total protein and triglyceride). The 24h 

LC50 of Neemix to the adults crayfish, Procambarus clarkii were 

evaluated. The LC50 values were 431 and 493 ppm for adults 

male and female, respectively. Adults P.clarkii were subjected to 

acute lethal concentration (431ppm) of Neemix for 96 h. The 

results showed a gradual increase in haemolymph glucose within 

72h. The total protein levels decreased at the first 48h then 

followed by a sudden increase after 72 h. While, the triglyceride 

value decreased only after 24h. The levels of the haemolymph 

glucose, total protein and triglyceride have reached more or less 

the control values by the end of experiment.  The increase of the 

basal (regenerative) cells, the extensive mucification of the inner 

lining of the gland and the hypertrophy of almost all absorptive 

and secretory cells were the most observed pathological changes.  

INTRODUCTION 

The Lousiana red swamp crayfish, P. clarkii (Girard, 1852) was 

introduced into Egypt in the early 1980s mainly as food value 

(aquaculture) (Ibrahim, et al. 1995). Since then, crayfish increased 

without control, invading most of wetland areas and rice fields, causing 

serious damages to drainage systems and rice crop as consequence of its 

digging activities (Burton,     et al.1980; David, 1994 and Soliman, et al. 

1998). 
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During the last decade the use of cleaner technologies for insect 

pest control has greatly increased. Plant extracts from the Indian neem 

tree, Azadirachta indica are used extensively in various neem-based 

formulations and have a good potential pest control. These natural 

pesticides are known to have strong antifeedant, growth regulatatory, 

metamorphosis, repellency and sterility effects on insects (Guerrini and 

Kriticos, 1998; Su and Mulla, 1998; Koul, 2003  and  Lucantoni, et al. 

2006). 

Because of low toxicity of neem to fishes, mammals and 

beneficial invertebrates (Schmutterer, 1995; Wan, et al. 1996 and Isman, 

1997) and its broad spectrum control to insects, Neemix is used now days 

on a wide scale as an arthropods pesticide in rice fields (Jimenez, et al. 

1998). Moreover, Neemix has been found to be rapidly and easily 

degraded by sun light and completely hydrolyzed in water (Mordue and 

Blackwell, 1993 and Isman, 2006).   

 Most of the studies dealt with toxicity of neem seed extracts were 

carried out on water fleas and fish (Zebitz, 1987; Saucke and 

Schmutterer, 1992; Schmutterer, 1995; Kreutzweiser, 1997; Scott and 

Kaushik, 1998). Jimenez, et al. (2003) showed that crayfish was most 

sensitive to all products after 96 hours and azadirachtin (AZA) was the 

most toxic to crayfish among the tested compounds. Moreover, Goktepe 

(2004), showed that the lethal concentration of Neemix 
TM

 and 

Bioneem
TM

 for juveniles of P. clarkii ranged from 4.71 to 6.60 µg 

AZA/mL. The lethal concentration for pure AZA was greater than the 

highest concentration used (>1 µg AZA/mL). 

The current study aimed to test acute lethal concentration (LC50) 

responses of some biochemical changes take place in the haemolymph 

and histopathological changes in hepatopancreas of P.clarkii exposed to 

the commercial Neemix (4.5%). 
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MATERIALS AND METHODS 

1- Tested pesticide: 

Trade name: Neemix. 

Common name: Azadirachtin from the neem tree, Azadirachta indica 

(Meliaceae)6(2,4-dinitrophenylaminohexanyl)-22,23dihydroazadirachtin. 

Empirical formula: C35 H44 O16. (Wan, 1994) 

Formulation: 4.5%. 

This compound was obtained by Agri Dyne technologies INC. 

2. Test animals and acclimation procedures: 

Adults of red crayfish P. clarkii both sexes, (22- 29 gm average 

weight and 8.5 to 9 cm total length) were collected in the spring of 2009 

from Abou-Kabir district, Sharkia Governorate. The collected specimens 

were transported alive to the laboratory in a well-aerated large plastic 

containers (30x50x30 cm). They were adapted for laboratory conditions 

at a temperature of 21-23, a photo period of 12h light and housed in 10 

cm deep aged tap water previously aerated for 48h to remove chlorine. 

Water was changed once every two days and crayfish were fed on 

cucumber during acclimation and not during testing period. 

3. Determination of mortality rate and LC50 value of Neemix. 

To determine the median lethal concentration (LC50) of Neemix, 

stock solution was prepared by using dechlorinated tap water as a solvent 

to achieve desired concentrations. 

Adult crayfish (males and females) were exposed to four 

concentrations of Neemix (400, 500, 600 and 700 ppm). These 

concentrations were chosen on the basis rang finding tests. The 

experiment was repeated 3 times, which exposed (10x3) P. clarkii to each 

test concentration, plus control (10x1), for 96 h. 
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The test containers were checked every 2 hrs over 96 hrs to record 

and remove dead animals. The criterion for death was the failure of 

crayfish specimen to respond to prodding with a blunt glass probe.  The 

test time for Neemix was 24h, because by 48h all the crayfish tested 

started recovery. The concentration causing 50% mortality of the tested 

animals (LC50) and 95% confidence limits were calculated using the 

method of Litchfield and Wilcoxon, (1979). The animals were exposed to 

lethal LC50 (431 ppm) for 96h. 

4-Biochemical studies:   

Effect of acute lethal concentration (431ppm) of Neemix 4.5% on 

some haemolymph constituents of adults P. clarkii for 96h were studied. 

Glucose, total protein and triglycerides concentrations determined by 

colorimetric method using commercial kits supplied by Caraway and 

Watts, (1987), Henry, (1964) and Young and Pestaner, (1975), 

respectively. 

5. Histological studies: 

For histological examination, hepatopancreas from adult LC50 

Neemix treated males P. clarkii were separated at the end of the 

experiment (96h) and immediately fixed in 10% formalin or Bouin,s 

solutions. Graded dehydration of the tissue was done by 70-100% alcohol 

in subsequent steps. Fixed specimens were then embedded in paraffin 

wax and cross sectioned at 5µ and stained with haematoxylin and eosin. 

RESULTS AND DISCUSSION 

1- Toxicity test: 

Neemix was highly toxic at high concentrations (700 ppm), but 

this activity declined progressively as the concentration decreased (Table 

1). At concentration above 600 ppm of Neemix formulation, 100 and 90 

% of mortality occurred for adult males and females of P. clarkii, while 

at lower concentration (400ppm) the mortality was 40 and 20 % for both 
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sexes. Total mortality of all crayfish was recorded only within the first 24 

h. of Neemix exposure indicated the high toxicity of the product, while in 

surviving samples the effect of Neemix started to decline from the second 

day (48h.) approaching the control by the end of the experimental period 

(96h of exposure). The median lethal concentration (LC50) of Neemix 

after 24h. were 431ppm (95% Confidence Limits(CL): 3.58–15.96) and 

493 ppm (95% CL: 3.04–13.18) for adult males and females of P. clarkii, 

respectively. Similar toxic effects were found by Jimenez, et al. (2003) 

who tested neem seed extract ( 0.3% Azadirachtin ) on P. clarkii (7 cm 

total length).They reported that Azadirachtin was the most toxic to 

crayfish with an LC50 0.057mg/l when compared with other commonly 

used synthetic insecticides. Also by used other commercial neem-based 

insecticide (Bioneem
TM

 0.09% AZA and Neemix
TM 

0.25% AZA) and 

pure AZA similar effects have been observed on juvenile of P. clarkii (3-

4 weeks old). Goktepe, (2004) found that LC50 ranged from 4.71 to 6.60 

µg AZA/mL (5.18 µL Bioneem
TM

 or 2.64 µL Neemix 
TM

/mL) and for 

pure AZA was greater than the highest concentration used (>1 µg 

AZA/mL). Although, 5% of neem seed kernel extract was toxic to Nile 

bolti, Oreochromis niloticus; Fernandez, et al. (1992) showed that 50% 

of neem oil at 3ml/litre was harmless. But, a dose of 302 ppm of neem oil 

was found to represent the LC50 of carp, Cyprinus carpio after 24h of 

treatment. On the contrary, neem seed kernel extract and neem oil were 

not toxic to the common rice field Toad   when used below 0.1 % 

concentration (Jayaraj, 1992). Lack of toxicity was observed in rats orally 

administrated neem in a dose of 1500 mg/Kg/day for 90 days (Razada, et 

al. 2001). Whereas Mousa, et al. (2008) found that  neem leaf extract was 

toxic to juvenile's Oreochromis niloticus and African cat fish, Clarias 

gariepinus at LC50  1.8 and 4 g/l  after  96-h., respectively.  

Any comparison of our data with the previous studies is difficult 

because there is several commercial formulation of neem with different 

concentration of active ingredients of the products. However, previous 
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studies indicated that the effectiveness of neem-based pesticides may 

vary among life stages, species (even closely related species can differ 

markedly in susceptibility to the same plant extract or pure 

allelochemicals (Isman, 1993; Akhtar and Isman, 2004)) and 

formulations (Isman, 1997).  

2-Biochemical studies: 

2-1-Effect on haemolymph glucose 

Haemolymph analysis (glucose, protein and triglyceride) of 

P.clarkii after acute exposure to Neemix are shown in Table (2) and 

Fig.(1). In this acute phase a gradually increase in  the haemolymph 

glucose (15.15±1.10)  was observed during 48 hrs till reaching the 

maximum value of 21.21± 2.48 after 72h while at the end of the 

experiment (after 96h of exposure) the value was 15.15 ±1.08 mg/dl  

tendency to  reach the control value (13.33±1.82). Neemix-induced 

hyperglycaemia was revealed in P.clarkii. The source of such 

hyperglycaemia may be due to enhanced glycogen breakdown in 

hepatopancreas under the effect of hypoxia and/or the high water and 

sediment (residue) pollutant concentrations. Raja, et al. (1992) suggested 

that this hyperglycaemia caused by pesticide treatment may indicate 

disrupted carbohydrate metabolism due to enhanced in 

adrenocorticotrophic and glucagon hormones and/or reduced insulin 

activity. Moreover, Gupta, (1974) mentioned that the hyperglycemia 

induced by any toxicant might be explained by the inhibition of the 

neuro-effector sites in the adrenal medulla leading to hyper secretion of 

adrenaline, which stimulates glycogen breakdown. Similar observations 

were also reported in the crab, Scylla serrata (Ghosh and Shrotri, 1992) 

and P.clarkii (Salah El-Deen, et al.2001) in response to endosulphan and 

malathion, respectively.  

 In our work, glucose levels might elevate to cope with the 

increased energy demand during pesticide stress as important pathways 
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for the recovery (Schreck, 1981 and El-Danassouri, et al. (1997)). The 

present results in agreement with the findings of Winkaler, et al. (2007) 

who reported that the increase in blood glucose of freshwater fish 

Prochilodus lineatus can be viewed as a part of stress response triggered 

by the presence of neem leaf extract in water. 

2-2-Effect on haemolymph protein:  

The next alternative source of energy is protein to meet the 

increased energy demand. In the present study, there were noticeable 

changes in the total protein levels in all Neemix-exposed crayfish during 

the time of exposure. A slight decrease (3.82±0.82) after 48h then a 

sudden increase (6.00±1.04) was observed 72h of acute exposure, 

followed by a slight decrease (3.82 ± 0.63) nearly reaching the control 

levels (4.40±1.11) at the end of the experimental period (96h). The 

decrease in total proteins could be attributed in part to the damaging 

effects of pesticide and metal on liver cells (Gluth and Hanke, 1985and 

Yang and Chen, 2003). The same observations were recorded by 

Torreblanca, et al. (1991), Rawi, (1995) and Salah El-Deen, et al.(2001) 

in P.clarkii exposed to  Al, Cd and malathion, respectively. Tiwari and 

Singh, (2006) reported that the decrease in protein level in the liver and 

muscle of fish exposed to neem extract resulted from high protein 

hydrolytic activity due to elevation of protease enzyme in both tissues. 

Rivarola and Balegno, (1991) attributed the reduction in plasma protein 

in pesticides treated animals, to the changes in protein and free amino 

acid metabolism .Furthermore,  the decrease in blood protein maybe due 

to  reduced protein synthesis or increased proteolytic activity and 

degradation (Shakoori, et al. 1990 and Koul, et al. 1996). On the other 

hand, the increase in the total protein could be attributed  to increased 

biosynthesis process occurred by high enzyme stress (Khater, et al. 

1990).Also the increase in the total protein level was reported by 

Radhakrishnaiah, et al. (1995) in the prawn Macrobrachium 
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malcolmsonii exposed to endosulphan. A decline and increasing in total 

protein level was reported in the desert locust Schistocerca gregaria 

which injected with azadirachtin (Annadurai and Rembold, 1993). They 

concluded that overall levels of protein synthesis are reduced; some 

protein bands disappear while others appear and some remain the same. 

Azadirachtin has more than one mode of action. Firstly, azadirachtin 

alters or prevents the formation of new assemblages of organelles or 

cytoskeleton resulting in disruption of cell division, blocked transport and 

release of neurosecretory peptides. Secondly, it inhibits protein synthesis 

in cells, which are metabolically active and have been switched on to 

produce large amounts of protein (Mordue, 2004). 

2-3-Effect on haemolymph triglyceride 

The storage of lipid reserves mostly triglyceride acts as a main 

source for energy utilization. The sudden depressed in triglyceride 

(35.71± 4.56) in the haemolymph of p.clarkii  was observed only after 

24h of acute lethal concentration of Neemix compared with the control 

value (42.86± 3.89). Then the level returned to the normal value at 48h of 

exposure time reflecting a tendency to overcome the toxic effects of 

Neemix. This decrease might be attributed to increase hormonal 

secretions in the haemolymph that enhance the metabolic rate which in 

turn reduces the metabolic reserves of the triglyceride (Turner and 

Bagnara, 1976) or may be due to decline in lipid synthesizing capacity 

and /or increase in the hydrolysis of hepatic lipid to combat the stress 

conditions as reported by Saxena, et al. (1989). Similarly, decrease in 

haemolymph total lipid have been reported in P. clarkii exposed to 

malathion (Salah El-Deen, et al. 2001) 

3- Histopathological studies: 

 The hepatopancreas has been chosen, as pesticides had been 

found to accumulate in this organ in several crustaceans (Jaiswal and 

Sanojini 1990). 
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3-1-Histological structure of hepatopancreas (digestive gland): 

 The gland is consists of a numerous digestive tubules (DT) with 

stellate shape lumen (L) Fig. (2) and separated by inter-tubular 

connective (ITC) tissue. Each tubules is formed of  four types of cells, 

absorptive cell (AC), secretory cell (SC), fibriller cell (FC) Fig.(3) and 

embryonic (regenerative) cells (EC) Fig.(4). The long columnar 

absorptive cells has rounded apices, irregular basal nuclei and containing 

numerous small vacuoles near the lumen. The shorter pyramidal 

secretory cells has wedged apices, basal nuclei and filled with secretory 

granules inside vacuoles. The columnar fibriller cell is dark and scattered 

among absorptive and secretory cells. The nucleus is spherical and has 

large nucleolus. The embryonic cells (EC) are undifferentiated cells 

which can be transforming into either of hepatopancreatic cells. 

3-2-pathological finding:  

 In the present study, few signs of pathological changes were 

observed in the hepatopancreas of p.clarkii treated with Neemix, which 

were characterized by forming the mucous film covering the internal 

lining epithelium of the whole gland tubules (Fig.4). Mucus acts as a trap 

for active radicals of the Neemix extruding it outside the cells and /or as a 

barrier that prevent the entery of other undesirable radicals. Moreover an 

increase of the small rounded basal regenerative, cells (hyperplasia) was 

observed in between the other of hepatopancreas cells as indicator for 

recovery of P. clarkii (Fig.4). Also hypertrophy of several absorptive 

cells and secretory cells can be observed (Fig.5). This finding were in 

disagreement with those of (Nasiruddin and Mordue, 1993) working on 

locust. 
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Table (1): Showed the effect of different concentrations of Neemix 

against adult males and females of P. clarkii. 

Conc. 

ppm 

No. of 

animals 

Mortality of adults/h.  Total 

mortality 

% 

mortality Males Females 

2 4 8 12 24 2 4 8 12 24 ♂ ♀ ♂ ♀ 

♂ ♀ 

400 10 10 2 0 2 0 0 0 0 0 0 2 4 2 40 20 

500 10 10 3 1 2 1 0 0 2 1 1 2 7 6 70 60 

600 10 10 3 3 0 3 0 3 1 3 0 0 9 7 90 70 

700 10 10 5 3 2 0 0 4 0 2 0 3 10 9 100 90 

Control (0) 10 10 0 0 0 0 0 0 0 0 0 0     

 

 

Table (2): Showed the effect of lethal concentration of Neemix  (431 

ppm) on haemolymph glucose,total protien and triglyceride of  

adults P. clarkii. 

                   Parameter  

Time interval 
Glucose   (mg/dl) 

Total protein 

(g/dl) 

Triglyceride 

(mg/dl) 

(Control) 13.33 ± 1.82 4.40 ±1.11 42.86 ± 3.89 

(24h) 15.15 ±1.10 4.55 ± 0.70 35.71 ± 4.56 

(48h) 18.18 ± 2.04 3.82 ± 0.82 42.86 ± 3.68 

(72h) 21.21± 2.48 6.00 ± 1.40 42.86 ± 2.92 

(96h) 15.15 ± 1.08 3.82 ± 0.63 42.86 ± 3.22 
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Fig. (1): Showed the mean Values of haemolymph glucose, total protein 

and triglyceride of P.clarkii after being exposed to lethal 

concentration of Neemix (431 PPm). 
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Fig. (2) 

 

 

 

 

 

 

 

 

 

   

Fig. (2 and 3): Showed sections of normal hepatopancreas of P.clakii 

showing four types of cells (AC Absorpative cell; Sc: Secratory 

cell; FC: Fibrillar cell; EC: Embryonic cell); DT: Digestive 

tubules; L: Lumen and ICT. Intertubular connective tissue. X= 

200 and 400    

Fig. (3) 
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Fig. (4): Showed sections of hepatopancreas of P.clakii after 96h.of 

exposure to lethal concentration of Neemix (431ppm) 

showing thing mucous film (MF) with hyperplasia of 

regenerative cells (EC).  X= 400 

                         

 

 

 

 

 

 

 

 

 

Fig. (5): Showed sections of hepatopancreas of P.clakii after 96h.of   

exposure to lethal concentration of Neemix (431ppm) 

showing hypertrophy of absorptive cells (AC) and secretory 

cells (SC).   X= 400                     

Samah M. Abdel-Kader 105 

 



REFERENCES 

Akhtar, Y. and M.B. Isman. 2004. Comparative growth inhibitory and 

antifeedant effects of plant extracts and pure allochemicals on 

four phytophagous insect species. J. App. Entomol. 128: 32- 38. 

Annadurai, R.S. and H. Rembold. 1993. Azadirachtin A modulates the 

tissuespecific 2D polypeptide patterns of the desert locust, 

Schistocerca gregaria, Naturwissenschaften, 80, 127- 130. 

Burton, V.;  A. Gregarick; D. Hall and R. Webster. 1980. Insect and 

disease control recommendations for rice. Univ. of California 

Leaflet 1748. 

Caraway, W.T. and M. B. Watts. 1987. Carbohydrates . In: Tietz NW, ed. 

Fundamentals of clinical chemistry. 3
rd

 ed. Philadelphia; WB 

Saunders: 422- 447. 

David, S. Brown. 1994. Fresh water snails of Africa and  their medical 

important, second Edition department  of  Zoology,  the  natural  

history  museum, London,  609. 

El-Danassouri, M.A.K.; A.R. Laila; A. Shoukry and F. Kayomy. 1997. Some 

physiological effects of sub-lethal concentrations of bayluscide and 

malathion on Nile tilapia fish, Oreochromis niloticus. Egypt J. Appl. 

Sci. 12 (2): 10- 30. 

Fernandez, N. J.; E.L. Palanginan; G.S. Lim and D.G. Bottrell. 1992. 

Impact of neem on non-target organisms. Pages 117- 121 in 

Proceedings of the Final Workshop. Botanical Pest Control 

Project-Phase 2, Asian Development Bank (TA.No.5349).28- 31 

Jul. International Rice Research Institute, Los Banos, Philippines. 

Ghosh, R. and R.V. Shrotri. 1992. Blood glucose and tissue glycogen 

interrelationship in Scylla serrata (Forskal), chronically exposed 

to thiodan . J. Environ. Biol, 13 (3): 233- 237. 

Some Biochemical And Histopathological Changes In 

Procambarus Clarkii Exposed To Acute Toxicity Of 

Neem Extract, Neemix 

106 

 



Girard, C. 1852. Revision of the North American Astaci with observation 

on their and geographical distribution. Proc. Acad. Nat. Sci. 

Phila., 6: 87- 91. 

Gluth, G. and W. Hanke. 1985. A comparison of physiological changes 

in carp; Cyprinus carpio, induced by several pollutants of 

sublethal concentration. 1- The dependency on exposure time. 

Ecotoxicol Environ. Safety, 9: 179- 188. 

Goktepe, L.C. 2004. Acute Toxic Effects of Neem-Based Insecticides on 

Crustaceans. Bull. Environ. Contam. Toxicol. 72: 1278– 1284. 

Guerrini, V.H. and C.M. Kriticos. 1998. Effects of azadirachtin on 

Ctenocephlides felis in the dog and the cat, Veterinary 

Parasitology, 74: 289- 297. 

Gupta, P.K. 1974. Malathion induced biochemical changes in rats. Acta.  

Pharmacol. Toxicol., 35: 191- 194.  

 Henry, R.J. 1964. Clinical chemistry, Harper and Row Publishers, New 

York P. 181. 

Ibrahim, M.A.; M.T. Khalil and F.M. Mubarak. 1995. On the feeding 

behaviour of the exotic crayfish Procambarus clarkii in Egypt 

and its prospects in the bio-control of local vector snails. J. Union. 

Arab Biol. Cairo, 4(A): 321- 340. 

Isman, M.B. 1993. Growth inhibitory and antifeedant effects of 

azadirachtin on six noctuids of regional economic importance, 

Pesticide Science, 38: 57- 63. 

Isman, M.B. 1997. Neem and other botanical insecticides: barriers to 

commercialization. Phytoparasitica 25: 339- 344. 

Isman, M.B. 2006. Botanical insecticides, deterrents and repellents in 

modern agriculture and an increasingly regulated world.Annu Rev 

Entomol, 51: 45- 66. 

Samah M. Abdel-Kader 107 

 



Jaiswal, K. and R. Sarojini. 1990. Histopathological lesions in the 

hepatopancreas of freshwater prawn, Macrobrachium Kistnensis 

induced by naphthalene poisoning. Enviro. Pollut. Hlth. Hazards, 

Environ. Series, III: 151- 157. 

Jayaraj, S. 1992. Studies on IPM in rice–based cropping system with 

emphasis on use of botanicals their safety and socioeconomic 

considerations. Pages 63-78 in Proceedings of the Final 

Workshop . Botanical Pest Control Project-Phase 2, Asian 

Development Bank (TA. No. 5349). 28-31 Jul. International Rice 

Research Institute, Los Banos, Philippines. 

Jimenez, A.; E. Cano and M. E. Ocete. 2003. Mortality and survival of 

Procambarus clarkii (Girard, 1852) upon exposure to different 

insecticide products. Bulletin of Environmental Contamination 

and Toxicology. 70 (1): 131- 137. 

Jimenez, A.; J.L. Ramirez; E. Cano and M.E. Ocete. 1998. Toxicidad de 

la azaridactina y del triclorfon sobre especies presentes en los 

cultivos de arroz de las marismas del bajo Guadalqivir. Bol San 

Veg Plagas 24: 1003- 1008. 

Khater, A.A.; A.A. El-Sheakh; M.K. El-Sheamy and M.Z. Hussein. 1990. 

Biochemicals effects of lannate and larvin on Tilapia nilotica 

Fingerlings. Egypt. J. Appl. Sci., 5(8): 227- 235. 

Koul, O. 2003. Variable efficacy of neem-based formulations and   

azadirachtin to aphids and their natural enemies, in Biopesticides 

and Pest Management, eds.O. Koul, G.S. Dhaliwal, S.S. Marwaha 

and J.K. Arora, Campus Books International, New Delhi, 64- 74. 

Koul, O.; J.S. Shankar and R.S. Kapil .1996.The effect of neem 

allelochemicals on nutritional physiology of larval Spodoptera 

litura., Entomologia Experimentalis et Applicata, 79: 43- 50. 

Some Biochemical And Histopathological Changes In 

Procambarus Clarkii Exposed To Acute Toxicity Of 

Neem Extract, Neemix 

108 

 



Kreutzweiser, D.P. 1997. Nontarget effects of neem-based insecticides on 

aquatic invertebrates. Ecotoxicol and Environ Saf, 36:109– 117 

Litchfield, J.T. and A. Wilcoxon. 1979. A simplified method of 

evaluation dose effect experiments. J. Pharmacology and Exp. 

Ther, 95: 99- 133. 

 Lucantoni, L.; F. Giusti; M. Cristofaro; L.F. Pasqualini; Esposito; P. 

Lupetti and A. Habluetzel. 2006. Effects of neem extract on blood 

feeding, oviposition and oocyte ultrastructure in Anopheles 

stephensi Liston (Diptera: Culicidae). Tissue Cell, 38: 361- 371. 

Mordue, A.J. 2004. present concepts of the mode of action of 

azadirachtin from neem Department of Zoology, University of 

Aberdeen Tillydrone Avenue, Aberdeen AB24 2TZ, UK Kluwer 

Academic Publishers. Printed in the Netherlands, 229– 242. 

Mordue, A.J. and A. Blackwell. 1993. Azadirachtin: An update, Journal 

of Insect Physiology, 39: 903- 924. 

Mousa, M.A.A.; A.M.M. El-Ashram and M. Hamed. 2008. Effect of 

neem leaves extract on fresh water fishes and zooplankton 

community 8th International Symposium on Tilapia in 

Aquaculture. 

Nasiruddin, M. and A.J. Mordue. 1993. The effect of azadirachtin on the 

midgut histology of the locusts, Schistocerca gregaria and 

Locusta migratoria,Tissue and Cell, 25: 875- 884. 

Radhakrishnaiah, K.; B. Sivaramakrishna; A. Suresh and P. 

Chamundeswari. 1995. Pesticidal impact on the protein 

metabolism of freshwater field crab, Oziotelphusa senex senex 

(Fabricius). Biomed Environ Sci, 8 (2): 137- 148. 

Samah M. Abdel-Kader 109 

 



Raja, M.; A. Al-Fatah; M. Ali; M. Afzal; R.A. Hassan; M. Menon and 

M.S. Dhami. 1992. Modification of liver and serum enzymes by 

paraquat treatment in rabbits. Drug Metab Drug Inter 10:279–291. 

Rawi, M.S. 1995. Toxicological and physiological characteristics of 

aluminium in some freshwater mollusks and crustaceans. Proc. 

Zool. Soc. A.R.E., 24: 229- 243. 

Razada, R.B.; M.K. Srivastava; R.A. Kaushal and R.P. Singh. 2001. 

Azadirachtin, a neem biopesticide: subchronic toxicity assessment 

in rats, Food and Chemical Toxicology, 39: 477- 483. 

Rivarola, V.A., Balegno, H.F. 1991. Effect of 2, 4-dichlorophenxyacetic 

acid on polyamine synthesis in Chinese hamster ovary cells. 

Toxicol Lett 56: 151– 157. 

Salah El-Deen, M.; A. H. Salwa and S. Abo-hegab. 2001. Some 

Physiological changes in the haemolymph, hepatopancreas and    

muscle of the red swamp crayfish procambarus clarkii 

(Girard,1852) exposed to malathion. Egypt. Ger. Soc. Zool., 34 

(A): 207- 223. 

Salehzadeh, A.; A. Jabbar; L. Jennens; S.V. Ley; R.S. Annadurai; R. 

Adams and R.H.C. Strang. 2002. The effects of phytochemical 

pesticides on the growth of cultured invertebrate and vertebrate 

cells, Pest Management Science, 58: 268- 276. 

Saucke, V.H. and H. Schmutterer. 1992. Untersuchungen uber 

nebenwirungen verschiedener niemprodukte bei Daphnia magna 

Straus (Crustacea: Cladoceera). Anz Schadlingskd Pflanz 

Umweltschutz 65:121– 126. 

Saxena, P.K.; V. P. Singh; J. K. Kondal and G. L. Soni. 1989. Effect of 

some pesticides on lipid and protein synthesis by liver of 

freshwater teleost, Channa punctatus (BL.) Environ. Pollut., 58: 

273- 276. 

Some Biochemical And Histopathological Changes In 

Procambarus Clarkii Exposed To Acute Toxicity Of 

Neem Extract, Neemix 

110 

 



 Schmutterer, H. 1995. The Neem Tree: Source of Unique Natural 

Products for Integrated Pest Management, Medicine, Industry and 

Other Purposes, VCHVerlag, Weinheim, Germany. 

Schreck, C.B. 1981. Stress and compensation in teleostean fishes: 

Response to social and physical factors. In: Stress and Fish 

(Pickering, A.D., ed.) Academic Press, New York, 295- 321.  

Scott, I.M. and N.K. Kaushik. 1998. The toxicity of margosan-O, a 

product of neem seeds, to selected target and non-target aquatic 

invertebrates. Arch Environ Contam Toxicol 35(3): 426– 431. 

 Shakoori, A.R.; F. Aziz; J. Alam and S.S. Ali. 1990. Toxic effects of 

talastar, a new synthetic pyrethroid, on blood and liver of rabbit. 

Pak J. Zool., 3: 289– 300. 

Soliman, G.N.; F. El-Assal; M. Salah El-Deen and S.A.  Hamdy. 1998. 

Habitat distribution and behaviour of the red swamp crayfish 

Procambarus clarkkii (Girard,1852) (Decapoda: Cambaridae) in 

the River Nile, Egypt.  Egypt J. Zool., 30:297- 310. 

Su, T. and M.S. Mulla. 1998. Antifeedancy of neem products containing 

Azadirachtin against Culex tarsalis and Culex quinquefasciatus 

(Diptera: Culicidae). J. Vector Ecol, 23: 114-122. 

Tiwari, S. and A. Singh. 2006. Biochemical stress response in freshwater 

fish Channa punctatus induced by aqueous extracts of Euphorbia 

tirucalli plant. Chemosphere, 64: 36- 42. 

Torreblanca, A.; J.  Del-Ramo and J. D. Mayans. 1991. Effects of 

cadmium on the biochemical composition of the freshwater 

crayfish Procambarus clarkii (Girard, 1852) Bull. Environ 

contam. Toxicol., 47: 933- 938. 

Samah M. Abdel-Kader 111 

 



Turner, C. D. and  J.T. Bargnara. 1976. Endocrine mechanism in the 

invertebrates In: General Endocrinology Saunders, W.B. Co., 

Philadelphia, London, Toronto. 545- 558.  

Wan, M.T. 1994. Environment Canada
,
S Internet resource for weather 

and environmental information. Chemicals Evaluation, 

Environmental Protection, Pacific Region, Environment Canada. 

P. 79. 

Wan, M.T.; R.G. Watts; M. B. Isman and R. Strub. 1996. Evaluation of 

the acute toxicity to juvenile Pacific Northwest salmon of 

azadirachtin, neem extract, and neem based products. Bull. 

Environ. Contam. Toxicol., 56: 432– 439. 

Winkaler E. U.; T. R. M. Santos; J. G. Machado-Neto  and C.B.R. 

Martinez. 2007. Acute lethal and sublethal effects of neem leaf 

extract on the neotropical freshwater fish Prochilodus lineatus 

.Comparative Biochemistry and Physiology, Part C 145: 236–244.  

Yang, J.L. and H.C. Chen. 2003. Effects of gallium on common carp     

(Cyprinus carpio): acute test, serum biochemistry, and 

erythrocyte morphology. Chemosphere 53: 877– 882.  

Young, D. and L. Pestaner. 1975. Clinical chemistry, 21, 5. 

Zebitz, C.P.W. 1987. Potential of neem seed extracts in mosquito control. 

In Schmutterer H. Ascher KRS (eds) Proc 3
rd
 Int Neem Conf, Nairobi, 

Kenya, July 10- 15, 1986. GTZ, Eschborn. 537- 555. 

 

 

 

 

 

Some Biochemical And Histopathological Changes In 

Procambarus Clarkii Exposed To Acute Toxicity Of 

Neem Extract, Neemix 

112 

 



عمى بعض التغيرات البيوكيميائية  )دراسة التاثير السام لمستخمص النيم )النيمكس
 كمبارس كلاركى و بر ربيان المياه العذبو ل  والهستوباثولوجيو

   سماح محمد عبد القادر إسماعيل             

 مصر –الجيزة  –الدقى  –معهد بحوث وقاية النباتات مركز البحوث الزراعية 
 عربــىالممخــص ال

عمممممى   مممممية مركممممس النمممميمكس النبمممماتى ا صمممم  قيمممميرتممممر ءجممممراد اممممغر الدرا ممممة ب ممممر  ت
 مماعة  42عممد بنمميمكس المميتممة لم تركيممزات النصمم  ال قممير  البروكمبممارس ككركممى حيممث وجممد ا 

ات الناجممة تاثير الدرا ة تمت و  جزد فى المميو  لمغكور وا ناث عمى التوالى. 293،  234كانت
دا ممممم   ةيمممممميائيالبيوك محتويممممماتعممممممى بعممممم  ال لنصممممم  العمممممدد المميتمممممة رعمممممةالج  مممممم  ا مممممت دار

 . اعة 99ى عمى ال دة الهاضمة لمدة اله توباثولوجالهيموليم  لمحيوا  وكغلك 

 اعة  24 ك   الهيموليم  ارتفاع تدريجى فى جموكوز وقد ا فرت اغة الدرا ة ع  
وعمى   اعة. 24ارتفاع مفاجى بعد  بةثر صاح  اعة ا ولى 24   كبينما البروتي  الكمى ق  

   تركيزأ عند نهاية التجربة ةوقد تبي   اع 42د ق  فقط بعد يجمي ر ثكثى الالجانس ا  ر فا  
امممممما بالن مممممبة لمت يمممممرات  .المممممى ن مممممبها الطبيعيمممممةتقريبممممما  ة الثكثمممممة عمممممادت المحتويمممممات البيوكيميائيممممم

ال كيمما الجنينيممة ممما انتفممام فممى معزممر  عممدد لمموحز زيممادة فممى فقممد لم ممدة الهاضمممة اله متوباثولوجية
وكغلك زيادة فى ا فرازات لم شاد المبط  لم دة والتى تعم  عمى طرد  ال كيا الماصة والهاضمة

وامغة كمهما عكممات تمد  عممى  ل مدةيبيمات ادا م  انبعناصر غيمر مرغوبما المى  او منا د و  اى
 ة.ا   لهغا الحيوا  القدرةعمى ا تعادة حالتة الطبيعي

   مماعة 42 فاعميتمة  مك الدرا مما  ت تم مت دار غلممك المركمس والمغى اثبايوصمى بولهمغا  
 فى محافزة الشرقية. محد م  انتشار اغا الحيوا مة ل يكو 
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