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Abstract – Neem kernel (NK) with a higher dietary energy than maize could be a viable ingredient in swine 

nutrition. However, there are established documentation of many chemical constituents in neem that are classified as 

antinutrients. Hence, the effects of dietary NK on acetylcholinesterase (AChE) activities in the brain regions of 

pubertal boars and pigs were investigated. Acetylcholinesterase is the enzyme which catalyses the hydrolysis of 

acetylcholine and is known to mediate food and water intake. A feeding trial was conducted with forty growing pigs 

consisting of twenty males and twenty females (8 to 10 weeks old) in a completely randomised design, to evaluate the 

influence of NK inclusion in swine diets at 0, 50, 100 and 150 g/kg, on AChE activities in the brain regions of pigs. The 

pigs were raised until they attained pubertal age and were subsequently sacrificed. The AChE activity (µmole/g/ 

minute) was determined by colorimetric method. Data were analysed using descriptive statistics and ANOVA at α 

0.05 Pigs on 150 g/kg NK diet showed significantly (P&lt;0.05) reduced AChE activities in cerebrum, cerebellum, 

mesencephalon, pons varolii, and medulla oblongata compared to those on control. Significant (P&lt; 0.05) increase 

in AChE activity was, however, observed for hypothalamus. Neem kernel can be included up to 100 g/kg in swine 

diets without deleterious effects on the AChE activities in the brain regions of growing pigs. Also, results suggested 

that effects of NK on AChE activities were more pronounced in pubertal gilts than in boars.  
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I. INTRODUCTION 

Acetylcholinesterase (AChE) is one of the enzymes in the brain and the nervous system that is considered to 

be of fundamental importance to the chemical integration of the animal (Adejumo, 1980) as it plays a crucial 

role in maintaining the delicate balance of signals controlling our muscles, thoughts, and emotions (Rajagopalan 

et. al., 2023). Acetylcholinesterase can also be linked in the pathogenesis of Autism (Ure et. al., 2023) and 

Alzheimer disease (Rees and Brimijoin, 2003) as it facilitates nervous transmission and mediates behavioural 

responses such as sexual behaviour, aggressive behaviour, basic reflexes, mental coordination, and muscular 

contraction (Frandsen et. al., 2009). Its influence is mainly based on its ability to hydrolyse acetylcholine 

(McHardy et. al., 2017), responsible for the above physiological actions. Some of the factors affecting AChE 

activity are inhibitors, temperature, hormones, pH, age, and nutrition (Adejumo, 1980). Of importance is 

nutrition, and its interaction with inhibitors, hormones, and concentration of (AChE). 

Bass et al. (1970) reported that pigs maintained post-natal on protein restricted diet indicated severe growth 

retardation and impaired brain development and there was also a significant decrease in total brain AChE 

activity compared to the control. However, they observed increase in Specific AChE (SAChE) activity in the 

cerebral cortex, compared to the control. These observations suggest a close relationship between rate of growth 

and AChE activity. Im et al (1973) reported elevated AChE activity in pigs that had experienced protein-calorie 

deprivation early in life. They also observed increased specific AChE activity in brain of nutritionally deprived 
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animals over the control animals. The cerebrum was indicated to be very sensitive to malnutrition while the 

cerebellum and brain stem appeared to be unaffected. Evidence abounds that brain transmitters especially of the 

cholinergic pathway are deeply involved in ovarian functions and hormone action. The interaction between 

acetylcholinesterase (AChE) activity of the brain regions of gilts and gonadal hormones are also fairly 

documented (Adejumo and Egbunike, 2002). 

Neem (Azadirachta indica) seeds contain the chemical azadirachtin (Nagini et al., 2023) and is used as an 

active ingredient in various biopesticide. Annongu et. al. (2003a) observed reduced growth rate in pigs when fed 

untreated neem seed. This could be as a result of AChE‟s ability to degrade acetylcholine (Mladenovic, 2018), 

which is responsible for proper distribution of food as well as an important neurotransmitter in the central 

nervous system of mammals and insects (Jones, 2005). Azadirachtin has a great influence in the AChE activity. 

Acetylcholine is produced by the synthetic enzyme cholineacetyl transferase, which uses acetyl co-enzyme A 

and choline as a substrate for the formation of acetylcholine. Although acetyle choline is also synthesized in the 

brain, dietary choline is a major source of acetylcholine as it supplies the needed free choline required for 

acetylcholine synthesis (Wurtman et al., 2009; Wiedeman et. al., 2018). Acetylcholine is readily hydrolysed to 

choline and acetic acid by the action of the enzyme acetylcholinesterase, found not only at the nerve ending but 

also within the nerve fibre. The action of Acetylcholine in the body is controlled by the inactivating effect of 

acetylcholinesterase. Inhibition of acetylcholinesterase with resultant prolongation of parasympathetic activity is 

affected by physostigmine and the action is reversible. Neostigmine is a water-soluble alkaloid which is thought 

to function also as an inhibitor of acetylcholinesterase (Neely et al., 2023) and thus to prolong acetylcholine or 

parasympathetic action (Si Shangkun et al. 2023). A synthetic compound diisopropylfluorophosphate, also 

inhibits the esterse activity but in an irreversible manner. A mechanism for detoxifying diispropylfluorophosph- 

-ate exists in the body, in the action of an enzyme capable of bringing about hydrolysis of the compound to 

fluoride and diisopropylphosphate. This enzyme, diisopropylfluorophosphatase, has been identified in the 

kidney and is activated by Mn
2+

 and Co
2+

 and specific cofactors such as imidazole and pyrrolidine derivatives 

(for example, proline or hydroxyproline). A number of anticholineterases similar in their action to 

diisopropylfluorophosphate have been investigated. They serve as the active principles of insecticides. Atropine 

is used as an antidote to the toxic effects of diisopropylfluorophosphate and other anticholinestereses (Vitorović-

Todorovic and Vujatovic-Velimirov, 2023).  

The brain by virtue of its position in the central nervous system plays a modulating role on all body functions 

and through its control on the hypophyseal hormonal pathways keeps the level of hormonal production and 

metabolism of the other glands normal (Adejumo and Egbunike, 2002). Physiological studies have revealed that 

brain neurotransmitters particularly of the cholinergic pathway are of vital importance to the physiological 

integrity and therefore productivity of the animal (Reis et al., 1977). The neurotransmitters are selectively 

concentrated in the different regions of the brain depending on the functions of the regions (Strazielle et al., 

1998). The high-energy requirement of most portions of the brain is related to the transport of ions, the synthesis 

of acetylcholine and the metabolism of glutamic acid (Reis et al., 1977). The transmitter substance at the 

majority of synapses is acetylcholine and is believed to be the mediator of all synapses between preganlionic 

and postganglionic fibres of the autonomic nervous system, parasympathetic and sympathetic endings. 

Acetylcholinesterase is the enzyme which catalyses the hydrolysis of acetylcholine and is known to mediate 

food and water intake (Adams, 1973, Adejumo and Egbunike, 1988). It modulates aggressive sexual behaviour, 



 

 

 

Copyright © 2024 IJAIR, All right reserved 

181 

International Journal of Agriculture Innovations and Research 

Volume 12, Issue 5, ISSN (Online) 2319-1473 

sexual development and is affected by the presence or absence of sex hormones such as estradiol (Packard et al. 

1996). The mode of action is generally believed to be through its concentration and therefore rate of hydrolyses 

of acetylcholine (Adejumo and Egbunike, 2002).  

Drugs and probably antinutrients could act at many places to interfere with the ACh synapse. They could 

block the synthesis of ACh, its transport down the axon, its formation into vesicles, its release into the synapse, 

its attachment to the receptor or its breakdown by AChE (Thompson, 1985). The aim of this investigation is to 

observe the activity of Acetylcholinesterase in different regions of the brain of pubertal boars and gilts. 

II. MATERIALS AND METHODS 

The Experimental Diets 

The composition of the experimental diets formulated for this study is presented in Table 1.  

Table 1. Composition of experimental diets. 

Ingredients (Kg) Dietary neem kernel (g/kg)              

 0 50 100  150 

Maize 40.00 35.00 30.00 25.00 

Neem kernel 0.00 5.00 10.00 15.00 

Groundnut cake 15.00 15.00 15.00 15.00 

Palm kernel cake 10.00 10.00 10.00 10.00 

Wheat offal 13.00 13.50 14.00 15.00 

Corn bran 15.00 15.00 15.00 15.00 

Fish meal (65 %) 2.00 2.00 2.00 2.00 

Bone meal 1.00 1.00 1.00 1.00 

Oyster shell 0.50 0.50 0.50 0.50 

Salt 0.40 0.40 0.40 0.40 

Premix* 0.50 0.50 0.50 0.50 

Lysine 0.30 0.30 0.30 0.30 

Methionine 0.30 0.30 0.30 0.30 

Vegetable oil (Palm oil) 2.00 1.50 1.00 0.00 

*Micro-Mix Growers: 2.5 kg of premix contains Vitamin A (10,000,000.00 I.U.); Vitamin D3 (2,000,000.00 I.U.); Vitamin E (20,000.00 

mg); Vitamin K3 (2,000.00 mg); Vitamin B1 (3,000.00 mg); Vitamin B2 (5,000.00 mg); Niacin (45,000.00 mg); Calcium Pantothenate 

(10,000.00 mg); Vitamin B6 (4,000.00 mg); Vitamin B12 (20.00 mg); Folic Acid (1,000.00 mg); Biotin (50.00 mg); Choline Chloride 

(300,000.00 mg); Manganese (120,000.00 mg); Iron (100,000.00 mg); Zinc (80,000.00 mg); Copper (8,500.00 mg); Iodine (1,500 mg); 

Cobalt (300.00 mg); Selenium (120.00 mg); Anti-Oxidant (120,000.mg). 

Animals, Experimental Design, and Management 

Forty growing pigs consisting of twenty males and twenty females were used for this study. The experimental 

design, feeding and management were as earlier described in previous studies. 
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Brain Sampling 

The pigs were raised until they attained pubertal age and were subsequently sacrificed. Prior to slaughter the 

pigs were starved for 18 hours but allowed free access to drinking water. They were then weighed, 

exsanguinated, bled rapidly and the heads quickly severed from the rest of the bodies. The heads were quickly 

sawn open and the brains were carefully removed in toto from the skull case. Brains were immediately freed of 

adhering meninges and superficial blood vessels or clots, weighed and dissected on an ice-cold porcelain tile as 

earlier described by Egbunike (1981) into eight areas namely, cerebrum, cerebellum, mesencephalon, pons 

varolii, medulla oblongata, amygdala, hippocampus, and hypothalamus. Samples from these eight areas of the 

brain were quickly frozen at -20 ºC until processing which was not more than 60 minutes afterwards to ensure 

minimal loss of enzyme activity. All brain samples were macerated at a dilution rate of 10 mg of tissue to 1 ml 

of 0.1 M ice-cold phosphate buffer (pH
 
7.4).  

Determination of AChE Activity 

AChE activity was determined by colorimetric method of Ellman et. al. (1961) which measures the rate of 

hydrolysis of acetylcholine iodide substrate to thiocholine and acetate using 5, 5 - dithiobis - 2 - nitrobenzoate 

(DTNB) as the colour reagent. AChE activity was read using an Eppendorf photometer 1101 M at 405 nm and 

then expressed in µmole/gram wet tissue/minute. 

Determination of Total Protein 

Total Protein was determined using the Biuret method as described by Ritzmann and Daniels (1979). The 

concentration of Total Protein was read using an Eppendorf photometer 1101 M at 564 nm and then expressed 

in g/dl. 

Determination of Specific AChE activity (SAChE) 

The AChE activity of the brain sample was divided by its total protein concentration to give the specific 

activity and is expressed in µmole/gram protein/minute. 

Statistical Analyses 

Results were subjected to statistical analysis using the analysis of variance procedure of statistical analysis 

software (SAS, 2016). The treatment means were presented with group standard errors of means and where 

significant, were compared using the Duncan procedure of the same software. 

III. RESULTS AND DISCUSSION 

Results 

Regional variations of acetylcholinesterase activity, total protein, and specific acetylcholine esterase activity 

in the brain of pubertal boars fed dietary neem kernel. 

The profiles of the AChE activity, total protein concentration and SAChE activity distribution in the brain 

regions of peripubertal male pigs are presented in Tables 2, 3 and 4 respectively. AChE activity was significant 

(P<0.05) between experimental diets for cerebrum, cerebellum, hippocampus, and hypothalamus. Similarities in 

values were observed for mesencephalon, pons varolii, medulla oblongata and amygdala. The discernable trend 
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where significant differences in activities were observed is the increase in activity at 50 g/kg NK diet and a 

reduction at 150 g/kg NK diet except for hypothalamus, where NK in swine diets elicited an increase in activity 

as the level of its inclusion increased. 

Total protein concentration values were similar in cerebrum, cerebellum, and amygdala, while significant (P< 

0.05) differences in values were observed for mesencephalon, pons varolii, medulla oblongata, hippocampus, 

and hypothalamus. Total protein concentration dropped significantly (P<0.05) at 50 g/kg NK diet and 

normalized at 100 and 150 g/kg NK diets for mesencephalon and pons varolii while mean values observed for 

medulla oblongata, hippocampus and hypothalamus increased as the level of NK in Swine diet increased. 

SAChE activity was significantly (P<0.05) different between experimental diets for cerebrum, cerebellum, 

medulla oblongata, hippocampus, and hypothalamus (P<0.05). The observed general trend in all these brain 

regions is a linear decrease in SAChE activity with increase in NK concentration except for hypothalamus 

where the reverse occurred. Results showed non-significance between mean SAChE activity for mesencephalon, 

pons varolii and amygdala. 

Table 2. Regional variations of acetylcholinesterase activity in the brain of pubertal boars fed diets containing neem kernel. 

Parameters Dietary Neem Kernel (g/kg) Group SEM 

 0 50 100 150  

Initial Live Wt (kg) 11.20 11.25 11.30 11.35 0.18 

Final Live Wt (kg) 38.29a 40.34a 33.56b 29.55c 0.98 

Brain Wt (g) 90.59a 91.55a 90.40a 94.36b 0.57 

Relative Wt of Brain 0.24a 0.23a 0.27b 0.32c 0.05 

†AChE Activity      

Cerebrum 1.08a 1.12a 1.12a 0.66b 0.07 

Cerebellum 2.70a 2.55ab 2.45b 2.41b 0.04 

Mesencephalon 3.42 3.43 3.64 3.85 0.12 

Pons Varolii 2.59 2.40 2.26 2.55 0.11 

Medulla Oblongata 3.01 2.95 2.92 2.89 0.05 

Amygdala 3.71 3.57 3.86 4.18 0.18 

Hippocampus 2.66a 2.70a 2.51b 2.51b 0.29 

Hypothalamus 2.96a 3.01ab 3.60bc 3.75c 0.12 

SEM = standard error of the mean, NK = neem kernel, Wt = Weight, and abc = means in the same row with superscript differ significantly 

(P<0.05). † = AChE activity is expressed as micromoles acetylthiocholine iodide hydrolysed per gram wet tissue per minute. 

Table 3. Regional variations of total protein concentration in the brain of pubertal boars fed diets containing neem kernel. 

Parameters (g/dl) Dietary Neem Kernel (g/kg) 

Group SEM 

 0 50 100 150 

Cerebrum 0.129 0.130 0.128 0.129 0.001 

Cerebellum 0.121 0.121 0.121 0.120 0.001 
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Parameters (g/dl) Dietary Neem Kernel (g/kg) 

Group SEM 

 0 50 100 150 

Mesencephalon 0.122a 0.107b 0.121a 0.120a 0.002 

Pons Varolii 0.114a 0.108b 0.115a 0.119a 0.001 

Medulla Oblongata 0.107a 0.115b 0.120b 0.119b 0.002 

Amygdala 0.126 0.126 0.125 0.126 0.001 

Hippocampus 0.125a 0.127ab 0.129b 0.128b 0.001 

Hypothalamus 0.125a 0.128b 0.129b 0.129b 0.001 

SEM = standard error of the mean, NK = neem kernel and a, b, c = means in the same row with different superscript differ significantly (P < 

0.05). 

Table 4. Regional variations of specific acetylcholinesterase activity in the brain of pubertal boars fed diets containing neem kernel. 

Parameters (µmole/g 

Protein/Minute) 
Dietary Neem Kernel (g/kg) 

Group SEM 

 0 50 100 150 

Cerebrum 8.31a 8.55a 8.75a 5.11b 0.49 

Cerebellum 22.30a 21.06ab 20.31b 20.04b 0.30 

Mesencephalon 27.94 28.30 30.22 32.02 0.88 

Pons Varolii 22.51 22.31 19.61 21.46 0.85 

Medulla Oblongata 28.09a 25.71b 24.39b 24.23b 0.50 

Amygdala 29.42 28.29 30.83 33.10 0.88 

Hippocampus 21.23a 21.37a 19.46b 19.57b 0.24 

Hypothalamus 23.77a 23.57a 27.83ab 29.10b 0.89 

SEM = standard error of the mean, NK = neem kernel and abc = means in the same row with different superscript differ significantly 

(P<0.05). 

Regional Variations of acetylcholinesterase activity, Total protein concentration and specific Acetylcholinester-

-ase activity distribution in the Brain of pubertal gilts fed dietary neem kernel.  

The profiles of the AChE activity, total protein concentration and SAChE activity distribution in the brain 

regions of peripubertal female pigs are presented in Tables, 5, 6 and 7 respectively. AChE activity was 

significant (P<0.05) in all brain regions except for hippocampus, between experimental diets. The discernible 

trend is a reduction in activity with increasing concentration of NK in swine diets for all brain regions except for 

hypothalamus. 

Total protein concentration values were similar in mesencephalon, medulla oblongata, amygdala, and 

hippocampus, while significant (P<0.05) differences in values were observed for cerebrum, cerebellum, pons 

varolii and hypothalamus. Total protein concentration dropped significantly (P<0.05) from 50 g/kg NK diet for 

cerebrum and cerebellum while there was significant (P<0.05) increase in total protein concentration from 50 

g/kg NK diet for pons varolii and hypothalamus. 
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Specific acetylcholinesterase activity was significantly different (P<0.05) between experimental diets for all 

brain regions except for hippocampus where observed difference in mean SAChE activity were non-significant. 

A different picture of SAChE activity from male pigs was presented by the results for female pigs in that the 

initial reduction in activity from 50 g/kg NK diet to 100 g/kg NK diet was reversed at 150 g/kg NK diet for 

cerebrum, mesencephalon, pons varolii, amygdala and hypothalamus. However, this recovery is not evident for 

cerebrum, cerebellum, medulla oblongata and hippocampus. 

Table 5. Regional variations of acetylcholinesterase activity in the brain of pubertal gilts fed diets containing neem kernel. 

Parameters Dietary Neem Kernel (g/kg) Group SEM 

 0 50 100 150  

Initial Live Wt (kg) 10.80 10.74 10.78 10.86 0.15 

Final Live Wt (kg) 40.14a 41.50a 33.90b 31.30b 1.09 

Brain Wt (g) 108.94a 111.22a 96.11b 96.96b 1.66 

Brain Relative Wt (%) 0.27a 0.27a 0.29ab 0.31b 0.05 

†AChE Activity      

Cerebrum 1.50a 1.39a 1.02b 0.99b 0.06 

Cerebellum 2.13a 1.49b 1.38b 1.52b 0.10 

Mesencephalon 2.60a 2.61a 2.01ba 2.26a 0.09 

Pons Varolii 2.44a 2.36a 1.80ba 2.07a 0.13 

Medulla Oblongata 2.80a 1.84b 1.11b 1.11b 0.16 

Amygdala 2.88a 2.45b 2.44b 2.78a 0.09 

Hippocampus 2.72 2.40 2.32 2.27 0.14 

Hypothalamus 2.58a 2.30a 2.37a 2.92b 0.08 

SEM = standard error of the mean, NK = neem kernel, Wt = Weight, and abcd = means in the same row with different superscript differ 

significantly (P<0.05). † = AChE activity is expressed as micromoles acetylthiocholine iodide hydrolysed per gram wet tissue per minute. 

Table 6. Regional variations of total protein concentration in the brain of pubertal gilts fed diets containing neem kernel. 

Parameters (g/dl) Dietary Neem Kernel (g/kg) 

Group SEM 

 0 50 100 150 

Cerebrum 0.127a 0.123b 0.124b 0.123b 0.001 

Cerebellum 0.125a 0.122c 0.124ab 0.123b 0.001 

Mesencephalon 0.125 0.124 0.125 0.124 0.001 

Pons Varolii 0.120a 0.122b 0.122b 0.122b 0.001 

Medulla Oblongata 0.127 0.126 0.126 0.126 0.001 

Amygdala 0.129 0.128 0.128 0.128 0.001 

Hippocampus 0.126 0.126 0.126 0.126 0.001 

Hypothalamus 0.124a 0.127b 0.127b 0.128b 0.001 
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SEM = standard error of the mean, NK = neem kernel and abc = means in the same row with different superscript differ significantly (P 

<0.05). 

Table 7. Regional variations of specific acetylcholinesterase activity in the brain of pubertal gilts fed diets containing neem kernel. 

Parameters (g/dl) Dietary Neem Kernel (g/kg) 

Group SEM 

 0 50 100 150 

Cerebrum 11.74a 11.89a 8.27b 8.05b 0.54 

Cerebellum 17.03a 12.27b 11.11b 12.34b 0.81 

Mesencephalon 20.91a 21.07a 16.06b 18.22a 0.74 

Pons Varolii 20.29b 19.32ba 14.70ab 16.98b 0.85 

Medulla Oblongata 22.07a 14.54b 8.78b 8.79b 1.48 

Amygdala 22.38a 19.17b 19.05b 21.83a 0.52 

Hippocampus 21.54 19.06 18.41 18.02 0.60 

Hypothalamus 20.78a 18.10b 18.70b 22.81a 0.58 

SEM = standard error of the mean, NK = neem kernel and abc = means in the same row with different superscript differ significantly 

(P<0.05). 

IV. DISCUSSION 

A look at the regional variation in the AChE and SAChE of experimental pigs (male or female) offered 

control diet in this study supports the generalised classification of the mesencephalon, medulla oblongata and 

amygdala as high activity regions; hypothalamus, hippocampus, and pons varolii into medium activity regions; 

and the cerebrum and cerebellum as low activity regions (Adejumo and Egbunike, 2002).  

Inclusion of NK in swine diets appears to generally cause an increase in AChE at 50 and 100 g/kg NK diets 

for three specific regions of the brain (cerebrum, cerebellum, and hippocampus) for peripubertal boars. This 

observation did not however hold true for peripubertal gilts, where the inclusion of NK in swine diets caused a 

depression in AChE from 100 g/kg NK diet from the mesencephalon, pons varolii and amygdala. Depressions 

from 50 g/kg NK diet were also observed for cerebrum and medulla oblongata. Results also suggested that the 

effects of NK on AChE were more pronounced in peripubertal gilts than in peripubertal boars. There exists 

anatomical sex differences in the brain anatomy and this increases during adolescence (Kurth et al., 2021). 

These differences are influenced by biological and environmental determinants (Ristori et al., 2020). Ryan and 

Arnold (1979) reported evidence of sexual differences in topographical distribution of AChE in the brain. 

A relationship between the time difference observed in adjusting to the bitter taste of NK in swine diets and 

the regional variation of AChE could also be a contributing factor. Many factors control hunger and feeding, 

including neurons in the hypothalamus that are sensitive to blood glucose, or blood sugar level, whether the 

stomach is empty or full, the taste of foods, or the time of day. The intestinal tract functions as an endocrine 

gland, in that it releases several peptide hormones into the blood (Brown and Hazen, 2015). At least two of 

these, bombesin and cholecystokinin, induce eating behaviour in animals if they are injected into the brain. It 

seems likely that these “gut hormones” are important in the control of hunger and feeding behaviour (Keisuke 

et. al., 2011). 
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However, other factors metabolic in origin could also be responsible. For example, glucose is the primary 

energy substrate of the brain and acts as a precursor to a host of metabolites, some of which are neurotransmitte-

-rs that have been reported to affect gonadotropin secretion. These include gamma-amino butyric acid, 

glutamate, and aspartate. Plasma substrates and insulin also affect pituitary function (Adashi et al., 1981). Also, 

plasma glucocorticoid concentrations are affected by nutritional deficits (Dubey et al., 1986; Dallman et. al., 

2004) although exceptions are also documented (Britt et al., 1988). This in turn could lead to a diabetic-like 

state due to prolonged exposure to glucocorticoids due to increase in plasma glucose (McKay and Cidlowski, 

2003). There is also indirect evidence to suggest that adrenal steroids inhibit hypothalamic GNRH release in 

pigs (Fonda et al., 1984). Furthermore, the blood concentration of choline apparently determines the synthesis of 

the neurotransmitter acetylcholine in the brain (Sawada et al. 1999). It appears that, nutrition directly controls 

this neurotransmitter, which is known to be involved in the regulation of gonadotropin secretion. Therefore, it 

would be important to know the effect of NK on choline availability, metabolism and utilization by subjects fed 

neem. 

Neem kernel is reported to be very rich in Glutamic acid (Annongu et al., 2003b). The concentration of this 

amino acid is about 30 % of the total amino acid content of neem kernel (Annongu et al., 2003a). Certain amino 

acids are believed to be the „workhorse‟ fast transmitters in the brain. Some of them seem to always be 

excitatory, for example, glutamic acid and aspartic acid, and others to always be inhibitory, such as gamma 

amino butyric acid (GABA) and glycine. The case for glutamic acid is perhaps the strongest of the suspected 

excitatory amino acid transmitters. At very low doses, Glutamic acid always causes excitation when applied to 

neurons. It is present in the highest concentrations in the brain. GABA is synthesized from the amino acid L-

glutamic acid, a component of natural protein foods. L-glutamic acid is converted into GABA by the enzyme 

glutamic acid decarboxylase (GAD). The availability of GAD is believed to be the rate-limiting factor in the 

synthesis of GABA. 

The AChE in both young boars and gilts is similar in the hypothalamus. Even at 150 g/kg NK diet, an 

increased AChE was observed over that in the control diet. Considering the absolute and relative weights of the 

brain (Tables 2 and 5), it suggests that neem kernel appears to elicit an increase in brain mass. Increase in total 

protein concentration and SAChE were also indicated for this region of the brain. The roles of the hypothalamus 

in the control of the gonads are well established. Evidence abounds that brain transmitters especially of the 

cholinergic pathway are deeply involved in ovarian functions and hormone action. The interaction between 

acetylcholinesterase activity of the brain regions of gilts and the gonadal hormones are also fairly documented 

(Adejumo and Egbunike, 2002).  

IV. CONCLUSION 

It appears that sex plays an important role on the effects of Neem Kernel in the diets of peripubertal pigs. The 

effects of neem kennel vary with the region of the brain. While in pubertal males it increases AChE acivity in 

the cerebrum, cerebellum, and hippocampus, in pubertal females it reduces AChE activity in the cerebrum and 

medulla oblongata, thus confirming the existence of anatomical differences in the brains of male and female 

pigs as they attain puberty. On the other hand, the effects of neem kernel on AChE activity increases in the 

hypothalamus irrespective of sex. Neem kernel appears to elicit an increase in brain mass in pigs on 150 g/kg 

diet. This work suggests that neem seed can be used as a good energy source in the diets of growing pigs with an 
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inclusion up to 100g/kg. 
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