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The present study was carried out to investigate the effects of (Azadrichta indica) neem seed kernel 
aqueous extract on albino Wistar rats. Two experiments were conducted using 34 rats which received 
different doses of neem aqueous extract. In acute toxicity experiment, rats were treated orally with 0 
mg/kg (control), 3 mg/kg (low), 80 mg/kg (medium), and 130 mg/kg (high) body weight for 14 days. In 
subacute toxicity experiment, rats were treated with 0.5 mg/kg body weight for 6 weeks. Rats that 
received medium and higher doses showed significant (P<0.05) increase in activity of plasma glutamate 
pyruvate transaminase (GPT) enzyme. Necrosis of liver and kidney tissues was observed, while mild 
histopathological changes were seen in the testes. However, urea and glucose level did not show 
significant change. Testosterone hormone showed significant (P<0.05) decrease in concentration at 
acute toxicity. In subacute toxicity no significant changes were observed except for significant (P<0.05) 
increase in testosterone hormone concentration and significant (P<0.05) increase of glucose 
concentration. Taken together, these results may indicate that neem seed kernel aqueous extract 
possesses dose-dependent hepatorenal toxicity and antifertility adverse effects.  
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INTRODUCTION 

 
Neem (Azadirachta indica), family Meliaceae, is a 
drought-tolerant plant, and thrives in many of the drier 
areas of the world in Asia, Africa and other tropical part of 
the globe. Different parts of neem have been traditionally 
used for treatment of human ailments and control of 
pests (Sidhu et al., 2003). Neem has been reported for its 
various medicinal properties such as antiseptic, healing 
of wound, curing skin diseases, antiulcer and anti-
inflammatory activities (Subapriya and Nagini, 2005; 
Brahmachari, 2004). It is commonly used for the 
treatment   of   gastrointestinal    and    dental    infection, 
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cardiovascular disorder, diabetes and cancer (Paul et al., 
2011). Biological activities of neem extract have been 
documented for its strong antifeedant, insect growth 
regulator and reproductive effects (Schmahl et al., 2010). 
Azadirachtin from neem seed kernel has been reported 
as the most potent naturally-occurring insect control 
agent (Senthil et al., 2007; Sidhu et al., 2003). Neem 
extract has a powerful pesticidal activity and used to 
control wide varieties of pests such as bacteria, fungi, 
viruses and rodents (Parida et al., 2002; Tiwari et al., 
2010). Neem is now considered as a valuable source of 
unique natural product of medicine against various 
diseases (Thakurta et al., 2007; Tripathi et al., 2009) and 
also for the development of industrial products (Abdel-
Ghaffar et al., 2008; Heukelbach et al., 2006). In Sudan, 
the most common uses of neem were the treatment of 
fevers and dental infections. Neem was found to be toxic 
to   malaria  parasite  (Udeinya  et  al.,  2008)  and  can  reduce 

www.internationalscholarsjournals.org


  

Dafalla   et al              082 
 
 
 
fever in malaria patients. Researches revealed 
molluscicidal properties of neem extracts, therefore, used 
to control schistosomiasis, the second most important 
parasitic disease in Sudan after malaria (Fayez, 2001). In 
Sudan, besides the use of neem in medical fields, neem 
seeds products are routinely used for vegetable pest 
control (Satti et al., 2010). Though neem has been 
subjected to many studies that dealt with its biological 
activities, its toxic effects were not well focused upon. 
Some toxicological manifestations of various parts of 
neem have been observed by a number of researchers 
(Akudugu et al., 2001; Chinnasamy et al., 1993; Goktepe 
et al., 2004; Senthil-Nathan et al., 2009). Therefore, in 
parallel to the extensive medical applications, little 
information is available on neem toxicity. The present 
study was conducted to investigate toxic effects 
associated with exposure to neem aqueous extract on 
rats, in attempt to prove the safety of neem for medicinal 
uses and pests' control. 
 
 
MATERIALS AND METHODS 

 
Preparation of neem seeds aqueous extract 
 
Mature good quality neem seeds were washed with 
distilled water and left to dry for seven days under the 
shade.  

The dried seeds were crushed in a mortar to remove 
the shell without damaging the kernel. The kernels were 
then ground by an electric blender into fine powder. The 
powder was passed through 925 meshsieve, stored in 
tightly covered glass jars and left at room temperature till 
it was required for extraction. The aqueous extract of 
neem seeds was prepared by mixing 5 g of the powder 
with 100 ml of distilled water in a conical flask. The 
mixture was left for 4 h in the shaker and was then 
filtered through a light cloth and the filtrate was kept at -
10°C till further use.  
 
Animals  
 
Thirty four healthy Wistar Albino rats 11 to 12 weeks of 
age, weighing 195-200g were obtained from the Animal 
house of the Medicinal and Aromatic Plant Research 
Institute, Khartoum, and acclimatized for one week prior 
to the experiment with feed and water supplied ad libitum. 
 
 

Experimental design 
 
Acute toxicity  
 
The choice of acute and subacute doses were done 
according to Joshi et al. (1996). Twenty healthy rats were 
divided randomly into four groups 1, 2, 3 and 4, each 
group contains five rats. Rats of groups 1, 2 and 3 were 
treated daily by oral  intubations  with  neem  seed  kernel  

 
 
 
 
aqueous extract for 14 days as follows:- Group (1) Low 
dose 3 mg/kg body weight; Group (2) Medium dose 80 
mg/kg body weight; Group (3) High 
Dose 130 mg/kg body weight. Rats of group (4) were 
kept as control 0 mg/kg body weight.   
 
Sub-acute toxicity  
 
Fourteen healthy rats were divided randomly into two 
groups. Group (1) consisted of 10 rats which received 0.5 
mg/kg body weight of neem seed kernel aqueous extract 
daily by oral intubations for 6 weeks. Group (2) 
composed of 4 rats were kept as control. 
 

Collections of blood samples 
 
Blood samples were collected from cervical blood vessels 
of rats during slaughtering into clean dry bottles 
containing ethylenediaminetetracetic acid (EDTA). 
Plasma was separated by centrifugation at 3000 rpm for 
5 min, and stored at -20°C until analyzed for biochemical 
parameters.  
 
Tissue samples 
 
Samples of liver, kidneys and testes were fixed in 10% 
neutral buffered formalin and processed for 
histopathological examinations (Presnel and Schreibman, 
1997). 
 
Biochemical investigations  
 
Plasma was analyzed for glucose and urea. The activities 
of enzymes glutamate oxaloacetate transaminase (GOT), 
glutamate pyruvate transaminase (GPT) and creatinine 
concentration were determined. Plasma of male rats was 
used to measure level of testosterone hormone.  
 
Determination of glucose  
 
Plasma glucose level was measured by enzymatic 
spectrophotometric test as previously described by 
Miskiewicz and colleagues (Miskiewicz et al., 1973).  
 
Determination of urea  
 
Plasma urea level was measured by the enzymatic 
method as described earlier (Chaney and Marbach, 
1962).  
 
 
Determination of enzymes activities 
 
Determination of glutamate oxaloacetate 
transaminase (GOT) 
 
Plasma GOT activity was determined according to the 
method described by Reitman and Frankel (1957). 
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Table 1. Plasma constituents of rats given different oral doses of neem seed aqueous extract: Acute toxicity.  
 

Treatment Control group (4) Low dose group (1) Medium dose group (2) High dose group (3) 

Glucose (mg/dl) 68.0 ± 9.39
a
 50.8 ± 2.04

a
 50.4 ± 2.23

a
 61.8 ± 5.91

a
 

Urea (mg/dl) 67.0 ± 4.07
a
 74.5 ± 5.30

a
 73.1 ± 6.90

a
 82.7 ± 2.10

a
 

GOT  (U/L) 29.0 ± 3.56
a
 34.3 ± 3.71

a
 15.8 ± 1.46

b
 21.3 ± 1.44

b
 

GPT (U/L) 71.3 ± 8.03
a
 87.0 ± 8.66

ab
 86.0 ± 10.83

ab
 101.8 ± 3.11b 

Creatinine (mg/dl) 1.10 ± 0.09
a
 1.20 ± 0.03

a
 1.12 ± 0.05

a
 1.22 ± 0.03

a
 

 

Means values for the same row with alphabetic superscripts are significantly different at p <  0.05.  

 
 
 
Determination of glutamate pyruvate transaminase 
(GPT) 
 
Plasma GPT activity was determined according to the 
method described by Reitman and Frankel (1957).  
 
Determination of creatinine concentration 
 
Creatinine was determine by the method described by 
Husdan and Rapoport (1968). 
 
Determination of testosterone hormone 
 
Testosterone hormone was quantitatively determined by 
using radioimmunoassay (RIA) Kit (IMK-457). 

 
Statistical analysis 
 
Data were analyzed for significance according to the 
procedure described by Mendenhall (1971). Toxicological 
data were tested for significance by analysis of variance. 
Result was presented as mean ± standard error (SE) of 
mean. The difference between treated and control is 
considered significant at P<0.05. 

 
RESULTS 
 
Acute toxicity 
 
Rats that received 3, 80, and 130 mg/kg body weight of 
neem seeds aqueous extract did not show obvious 
clinical signs. The group that received the high dose of 
neem seed aqueous extract had dark liver, compared to 
that of the control group at post examination.  
 
Biochemical changes 
 
Changes were presented in Table 1. GOT activity in-
group 4 was found to be 29.0 u/L, while that of groups 1, 
2 and 3 are 31.3, 15.8 and 21.3 u/L respectively. Groups 
2 and 3 showed significant (p≤0.05) decrease when 
compared with control group (Figure 1). Activity of GPT in 
group 4 was found to be 71.3 u/L, while that of groups 1, 
2 and 3 were found to be 87.0, 86.0 and 101.8 u/L, 
respectively.   Group   3   showed   significant    (p≤0.05)  

increase when compared with control group (Figure 2). 
Glucose concentration in group 4 was found to be 68.0 

mg/dl, while that of groups 1, 2 and 3 did not show 
significant change when compared with the control group 
4. 

The concentration of plasma urea in group 4 was found 
to be 67.0 mg/dl, while that of groups 1, 2 and 3 did not 
show significant change when compared with control 
group 4. 

Plasma creatinine level in group 4 was found to be 1.10 
mg/dl, while that of groups 1, 2 and 3 did not show 
significant change when compared with control group 4. 
 
Hormonal changes  
 
Changes in testosterone concentration are presented in 
Table 2 and Figure 3. The concentration of plasma 
testosterone in group 4 was found to be 2.50 ng/ml, while 
those of groups 1, 2 and 3 were 1.80 ng/ml, 0.90 ng/ml 
and 0.97 ng/ml, respectively. Groups 2 and 3 showed 
significantly (p≤0.05) decreased values when compared 
with the control group. 
 
Histological changes 
 
Lesions were observed in kidney, liver and testes. Liver of 
groups 2 and 3 showed marked mononuclear cell infiltration, 
nuclear degeneration, architectural disarray, hemorrhage and 
necrosis. Kidney in group 1 showed mild hyalinization, 
hydropic swelling and eosinophilia, while groups 2 and 3 
showed nuclear loss, karyolysis, hyalinization, cyanophilia, 
glomerular destruction, completes swelling and marked 
hydropic changes to the point of necrosis. Testes showed 
mild architectural disarray and ductal swelling when 
compared with control group (Figures 4, 5 and 6). 
 
Subacute toxicity  
 
Rats that received 0.5 mg/kg body weight of neem seeds 
aqueous extract did not show obvious clinical signs or 
histopathological changes. 
 
Biochemical changes  
 
Changes in different biochemical parameters such as 
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Figure 1. Acute toxicity effect of neem seed aqueous extract on plasma GOT activity in rats.  

 
 
 

 
 
Figure 2. Acute toxicity effect of neem seed aqueous extract on plasma GPT activity in rats.  

 
 
 

Table 2. Effect of neem seed aqueous extract on plasma 

testosterone concentration of rats: Acute toxicity (mean ± SE). 
 

Treatment Hormone (ng/ml) 

Control (4) 2.50 ± 0.55
a
 

Low dose (1) 1.80 ± 0.30
ab

 

Medium dose(2) 0.90 ± 0.10
b
 

High dose(3) 0.97 ± 0.05
b
 

 

Means values for the same column with different alphabetic superscripts 
are significantly different at p <  0.05 
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Figure 3. Acute toxicity effect of neem seed aqueous extract on testosterone concentration in male rats. 

 
 
 
glucose, urea, GPT and GOT were presented in Table 3. 
GOT activity was found to be 15.8 u/L in group 2 and17.1 
u/L in group 1. No significant change was observed in 
GOT activity. GPT activity was found to be 14.5 u/L in 
group 2 and 14.0 u/L in group 1. No significant change 
was observed in GPT activity. The concentration of 
plasma glucose was found to be 105.5 mg/dl in group 2 
control, while that of group 1 significantly (p≤0.05) 
increased to 127.1 mg/dl (Figure 7). The concentration of 
plasma urea was found to be 51.8 mg/dl in group 2 and 
47.8 mg/dl in group 1. Plasma urea level did not show 
significant change between test group and the control 
group. 
 
Hormonal changes 
 
The effect of Azadrichta seed extract on the hormonal 
activities in the Wistrar rats are presented in Table 4 and 
Figure 8. The concentration of plasma testosterone in 
group 2 control was found to be 0.53 ng/ml, while that of 
group 1 significantly (p≤0.05) increased to 2.07 ng/ml. 

Histological changes  
 
Liver, kidney, and testes of rats treated with neem seed 
aqueous extract did not show any signs of 
histopathological changes when compared with control 
group 2 (data not shown).  
 
 
DISCUSSION 
 
Neem has traditionally been used as a medicine for 
various diseases. In fact each part of this plant has been 
reported to link with specific ailment treatment. Recently, 
a fractionated neem-leaf extract known as IRAB with 
reported activities against Malaria, acquired immune 
deficiency syndrome (AIDS) and cancer has been 
actively commercialized as a drug in Nigeria (Anyaehie, 
2009). In recent years, due to the residual contamination 
of crops and water with chemical pesticides, the use of 
neem based-compound has significantly increased 
(Boeke et al., 2004). As little information on neem toxicity 
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Figure 4. Marked mononuclear cell infiltration in the liver of rats given neem seeds aqueous extract at 80 mg/Kg 
body weight for 14 days.  

 
 
 
is available as compared to its application level, this has 
necessitated further studies to ascertain the safety of 
neem compounds and extract for various applications.  

The present study was undertaken to investigate the 
effect of different doses of neem seed kernel aqueous 
extract on Albino rat. Acute toxicity study, along with 
subacute toxicity experiment are conducted, as both 
considered important for the assessment of risk posed by 
new chemicals and for better control of natural 
substances in the human environment.  

From the results obtained, it appears that at low dose 
(3 mg/kg body weight) neem extract caused no significant 
change, while at a dose of (80 mg/kg body weight) of 
neem seed aqueous extract, significant increase in 
plasma GPT activity was observed when compared with 
control group. The elevated levels of GPT indicated liver 
and /or kidney damage caused by neem seed aqueous 

extract. The plasma GOT level showed slight, however, 
non significant increase at 3 mg/Kg, while at 80 and 130 
mg/Kg of the extract there was significant decrease.  

Increases in serum levels of GOT and GPT indicate 
hepatocellular damage. GPT is the liver- specific enzyme 
in rats. GPT is more sensitive and specific than GOT in 
the detection of liver disease. Moreover, elevation of 
serum GPT persisted longer than that of GOT activity, 
and this may justify the decrease in GOT activity in rats 
dosed at 80 and 130 mg/Kg of neem seed aqueous 
extract (Tietz, 1982). 

This result is not surprising since both liver and kidney 
tissues are known to possess high concentration of GPT.  
A rise in plasma transaminases (GOT, GPT) activities is 
a sensitive indicator of damage to cytoplasmic and/or 
mitochondrial membranes (Mayne, 1994). In the present 
study, Hepatorenal toxicity was further confirmed by
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Figure 5. Packing of the renal glomerular destruction, vacuolation and necrosis of epithelial cells of the 

proximal convoluted tubules of rats given 130 mg/Kg body weight of Neem aqueous extract for 14 days. 

 

 
 
 
histopathological changes that revealed marked 
mononuclear cell infiltration, nuclear degeneration, 
architectural disarray, glomerular destruction and 
necrosis.  

Hepatotoxicity was reported in the study that was 
carried out by Rahman et al. (2001) when rats had been 
treated with vepacide (isolated from neem oil). Rats 
treated with neem leaf aqueous extract showed adverse 
effects indicating liver damage (Bhanwra et al., 2000). 
Sadekar and colleagues reported significant increases in 
GOT concentration in calves (Sadekar et al., 1998). 
Similar result was obtained by Ibrahim et al. (1992) when 
Brown Hisex chicks had been fed with a diet containing 2 
and 10% of neem leaf. However, this result is in contrast 
with that obtained by Raizada et al. (2001) who had 
reported no toxic effect or increase in GOT and GPT 
activities in rats treated with different doses of 
azadirachtin mixed with peanut oil for 90 days. This may 
be attributed to the vehicle used, peanut oil, which may 
interfere with the absorption of azadirachtin. Niether 
plasma urea concentration or plasma glucose 
concentration in the treated rats showed significant 

changes when compared with the control group. Similar 
result was observed when rats exposed to different 
concentration of azadirachtin (Raizada et al., 2001). In 
contrast to these findings, Joshi et al. (1996) reported 
that glucose concentration increased in albino rats when 
treated with leaf powder of A. indica. 

In subacute toxicity experiment no biochemical or 
histopathological changes were observed. However, the 
plasma glucose concentration showed significant 
increase when compared with the control group. This is in 
accord with results reported by Joshi and his colleagues 
(Joshi et al., 1996). This may be due to time factor and 
low dose used. 

Antifertility adverse effect of neem seeds aqueous 
extract has been reported in both male and female of 
different animals. In the present study we considered the 
male reproductive system whereas few experiments were 
conducted compared to those performed on female. In 
addition very few experiments were conducted to 
investigate the effect of neem extract on sex hormone. 
The experiments revealed significant decrease in plasma 
testosterone hormone in rats that received 3, 80 and 130 
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Figure 6. Degeneration of the epithelial cells of the testicular tubules of rats orally given 130 

mg/Kg body weight of neem seed aqueous extract for 14 days.  

 
 
 

Table 3. Plasma constituents of rats given neem seed aqueous 

extract: Subacute (means ± SE). 
 

Treatment Control (2) Treated  (1) 

Glucose (mg/dl) 105.5 ± 5.7
a
 127.1 ± 5.1

b
 

Urea (mg/dl) 51.8 ± 1.0
a
 47.8 ± 1.6

a
 

GOT     (U/L) 15.8 ± 1.9
a
 17.1 ± 1.6

a
 

GPT     (U/L) 14.5 ± 2.4
a
 14.0 ± 1.4

a
 

 

Means values for the same row with different alphabetic superscripts 
are significantly different at p < 0.05. 

 
 
 
mg/kg body weight) for 14 days. These changes were 
correlated with concomitant histopathological changes in 
the testes of treated rats. 

Hormonal measurement has limited but important role 
in the assessment of gonadal dysfunction. The low 
plasma testosterone concentration indicates primary 
testicular dysfunction (Mayne 1994). Parshad et al. 

(1994) reported significant decreases in testosterone 
level in rats receiving neem aqueous extract. A. indica 
produced dose dependant reduction in serum 
testosterone and LH with decreased weight of testes 
(Raji et al., 2003). Testosterone low level may be 
attributed to leydig cells failure. The study carried out by 
Kasturi and his colleagues showed clear leydig cells
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Figure 7. Subacute toxicity effect of neem seed aqueous extract on plasma glucose concentration.  

 
 
 

Table 4. Effects of neem seed aqueous extract on 

testosterone concentration of rats: Subacute toxicity (mean ± 
SE). 
 

Treatment Hormone (ng/ml) 

Control (2) 0.53 ± 0.03
a
 

Treated (1) 2.07 ± 0.08
b
 

 

Means values for the same column with different alphabetic 

superscripts are significantly different at p < 0.05.  

 
 
 
damage in rats that received oral dose of neem leaves 
powder (Kasturi et al., 2002). Mohan et al. (1997) 
reported the antifertility effects of neem seed kernel on 
chickens, which included reduced semen volume and 
sperm concentration, increase the incidence of 

morphological sperm abnormalities, higher number of 
degenerating cells and poor spermatogenesis. Similar 
result was observed in study that was carried out by 
Upadhyay et al. (1993) when male rats received neem oil 
in lumen of the vas differens, the animal remained 
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Figure 8. Subacute toxicity effect of neem seed aqueous extract on plasma testosterone concentration.  

 

 
 
infertile for 8 months without affecting testosterone 
production. Reduction in seminiferous tubules, nuclei of 
germinal element and mass atrophy of the spermatogenic 
elements were observed in the study that was carried out 
by Joshi et al. (1996) on rats treated with leaf powder of 
A. indica. In the previous studies it was clear that neem 
extract caused obvious changes in male reproductive 
organ. Another interesting investigation was carried out 
by Owolabi et al. (2008) whom demonstrated no 
histological impairment for rats dosed at 200 and 400 
mg/Kg by methanolic leaves extract for a period up to 14 
days of treatment. This group detected no effect on FSH 
level; however, serum levels of LH were significantly 
reduced when compared with the control, therefore they 
concluded a possible adverse effect of neem extract on 
female fertility.  
 
 

Conclusion  
 

Taken these results together, we can come to the 

conclusion that neem seed aqueous extract possesses 
dose-dependent hepatorenal toxicity in addition to its 
antifertility adverse effects. Therefore, the use of neem 
extract and its products for therapeutic purposes and 
control of pests may not be considered safe. 
 
 

REFERENCES 
 
Abdel-Ghaffar F, Al-Quraishy S, Sobhy H, Semmler M 
(2008) Neem seed extract shampoo, Wash Away Louse, 

an effective plant agent against Sarcoptes scabiei 
mites infesting dogs in Egypt. Parasitol Res., 104: 145-
148. 

Akudugu J, Gade G, Bohm L (2001) Cytotoxicity of 
azadirachtin A in human glioblastoma cell lines. Life 
Sci., 68: 1153-1160 

Anyaehie UB (2009) Medicinal properties of fractionated 
acetone/water neem [Azadirachta indica] leaf extract 
from Nigeria: a review. Nig. J. Physiol. Sci., 24: 157-
159. 



  

 
 
 
 
Bhanwra S, Singh J, Khosla P (2000) Effect of 

Azadirachta indica (Neem) leaf aqueous extract on 
paracetamol-induced liver damage in rats. Indian J. 
Physiol. Pharmacol., 44: 64-68 

Boeke SJ, Boersma MG, Alink GM, van Loon JJ, van 
Huis A, Dicke M, Rietjens IM (2004) Safety evaluation 
of neem (Azadirachta indica) derived pesticides. J. 
Ethnopharmacol., 94: 25-41. 

Brahmachari G (2004) Neem—An Omnipotent Plant: A 
Retrospection. Chem. Bio. Chem., 5: 408-421. 

Chaney AL, Marbach EP (1962) Modified reagents for 
determination of urea and ammonia. Clin. Chem., 8: 
130-132. 

Chinnasamy N, Harishankar N, Kumar PU, Rukmini C 
(1993) Toxicological studies on debitterized Neem oil 
(Azadirachta indica). Food Chem. Toxicol., 31: 297-
301. 

Fayez TE (2001) Laboratory Observations on 
Molluscicidal and Cercaricidal effects of Some Plants.  
Faculty of Science. University of Khartoum, Khartoum. 

Goktepe I, Portier R, Ahmedna M (2004) Ecological risk 
assessment of neem-based pesticides. J Environ Sci 
Health B, 39: 311-320. 

Heukelbach J, Oliveira FA, Speare R (2006) A new 
shampoo based on neem (Azadirachta indica) is highly 
effective against head lice in vitro. Parasitol. Res., 99: 
353-356. 

Husdan H, Rapoport A (1968) Estimation of creatinine by 
the Jaffe reaction. A comparison of three methods. 
Clin. Chem., 14: 222-238. 

Ibrahim IA, Omer SA, Ibrahim FH, Khalid SA, Adam SE 
(1992) Experimental Azadirachta indica toxicosis in 
chicks. Vet. Hum. Toxicol., 34: 221-224. 

Joshi AR, Ahamed RN, Pathan KM, Manivannan B 
(1996) Effect of Azadirachta indica leaves on testis and 
its recovery in albino rats. Indian J. Exp. Biol., 34: 
1091-1094. 

Kasturi M, Ahamed RN, Pathan KM, Manivannan B, 
Aladakatti RH (2002) Ultrastructural changes induced 
by leaves of Azadirachta indica (Neem) in the testis of 
albino rats. J Basic Clin Physiol Pharmacol 13:311-328 

Mayne P (1994) Clinical Chemistry In Diagnosis and 
Treatment. Hodder Arnold Publishers. 

Mendenhall WS (1971) Introduction probability and 
statistics. Wadsworth Publishing Co. Inc. Belmont, 
California U.S.A. 

Miskiewicz SJ, Arnett BB, Simon GE (1973) Evaluation of 
a glucose oxidase-peroxidase method adapted to the 
single-channel autoanalyzer and SMA 12-60. Clin. 
Chem., 19: 253-257. 

Mohan J, Tyagi PK, Verma SVS, Moudgal RP (1997) 
Antifertility effect of neem (Azadrichta indica) seed 
kernel meal in chickens. Asian Australas J. Anim. Sci., 
10: 609-613. 

Owolabi LL, Gbotolorun SC, Akpantah AO, Ekong MO, 
Eluwa MA, Ekanem TB (2008) Effect of methanolic 
extract of Neem leaf (Azadirachta indica) on ovarian 

                                           091       Int.J. Med.Plants.Res. 
 
 
 
histology and hormonal milleu. Nig. Q. J. Hosp. Med., 18: 

194-197. 
Parida MM, Upadhyay C, Pandya G, Jana AM (2002) 

Inhibitory potential of neem (Azadirachta indica Juss) 
leaves on dengue virus type-2 replication. J. 
Ethnopharmacol., 79: 273-278. 

Parshad O, Singh P, Gardner M, Fletcher C, Rickards E, 
Choo-Kang E (1994) Effect of aqueous neem 
(Azadirachta indica) extract on testosterone and other 
blood constituents in male rats. A pilot study. West 
Indian Med. J., 43: 71-74. 

Paul R, Prasad M, Sah NK (2011) Anticancer biology of 
Azadirachta indica L (neem): a mini review. Cancer 
Biol. Ther., 12: 467-476. 

Presnel J, Schreibman MP (1997) In: Presnell J, 
Schreibman MP (eds) Humason’s animal tissue 
techniques. The Johns Hopkins University Press. Ltd, 
London, pp. 269-312. 

Rahman MF, Siddiqui MK, Jamil K (2001) Effects of 
Vepacide (Azadirachta indica) on aspartate and alanine 
aminotransferase profiles in a subchronic study with 
rats. Hum. Exp. Toxicol., 20: 243-249. 

Raizada RB, Srivastava MK, Kaushal RA, Singh RP 
(2001) Azadirachtin, a neem biopesticide: subchronic 
toxicity assessment in rats. Food Chem. Toxicol., 39: 
477-483. 

Raji Y, Udoh US, Mewoyeka OO, Ononye FC, Bolarinwa 
AF (2003) Implication of reproductive endocrine 
malfunction in male antifertility efficacy of Azadirachta 
indica extract in rats. Afr. J. Med. Sci., 32: 159-165. 

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

Sadekar RD, Kolte AY, Barmase BS, Desai VF (1998) 
Immunopotentiating effects of Azadirachta indica 
(Neem) dry leaves powder in broilers, naturally infected 
with IBD virus. Indian J. Exp. Biol., 36: 1151-1153. 

Satti AA, Ellaithy ME, Mohamed AE (2010) Insecticidal 
activities of neem (Azadirachta indica A. Juss) seeds 
under laboratory and field conditions as affected by 
different storage durations. Agric. Biol. J. N. Am. 1: 
1001-1008. 

Schmahl G, Al-Rasheid KA, Abdel-Ghaffar F, Klimpel S, 
Mehlhorn H (2010) The efficacy of neem seed extracts 
(Tre-san, MiteStop on a broad spectrum of pests and 
parasites. Parasitol. Res., 107: 261-269. 

Senthil Nathan S, Choi MY, Paik CH, Seo HY, Kim JD, 
Kang SM (2007) The toxic effects of neem extract and 
azadirachtin on the brown planthopper, Nilaparvata 
lugens (Stal) (BPH) (Homoptera: Delphacidae). 
Chemosphere, 67: 80-88. 

Senthil-Nathan S, Choi MY, Paik CH, Seo HY, Kalaivani 
K (2009) Toxicity and physiological effects of neem 
pesticides applied to rice on the Nilaparvata lugens 
Stal, the brown planthopper. Ecotoxicol. Environ. Safe., 
72: 1707-1713. 



  

Dafalla   et al              092 
 
 
 
Sidhu OP, Kumar V, Behl HM (2003) Variability in Neem 

(Azadirachta indica) with Respect to Azadirachtin 
Content. J. Agric. Food Chem., 51: 910-915. 

Subapriya R, Nagini S (2005) Medicinal Properties of 
Neem Leaves: A Review. Current Medicinal Chemistry 
- Anti-Cancer Agents, 5: 149-156. 

Thakurta P, Bhowmik P, Mukherjee S, Hajra TK, Patra A, 
Bag PK (2007) Antibacterial, antisecretory and 
antihemorrhagic activity of Azadirachta indica used to 
treat cholera and diarrhea in India. J. Ethnopharmacol., 
111: 607-612. 

Tietz NW (1982) Fundamentals of clinical chemistry. 
Philadelphia: Saunders, Cop., 1982. 

Tiwari V, Darmani NA, Yue BY, Shukla D (2010) In vitro 
antiviral activity of neem (Azardirachta indica L.) bark 
extract against herpes simplex virus type-1 infection. 
Phytother. Res., 24: 1132-1140. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Tripathi A, Chandrasekaran N, Raichur AM, Mukherjee A 

(2009) Antibacterial applications of silver nanoparticles 
synthesized by aqueous extract of Azadirachta indica 
(Neem) leaves. J. Biomed. Nanotechnol., 5: 93-98. 

Udeinya JI, Shu EN, Quakyi I, Ajayi FO (2008). An 
antimalarial neem leaf extract has both schizonticidal 
and gametocytocidal activities. Am. J. Ther., 15: 108-
110. 

Upadhyay SN, Dhawan S, Talwar GP (1993) Antifertility 
effects of neem (Azadirachta indica) oil in male rats by 
single intra-vas administration: an alternate approach to 
vasectomy. J. Androl., 14: 275-281. 

 
 
 
 
 
 
 
 
 


