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Summary: Neem (Azadirachta indica A. Juss, Meliaceae) is a popular medicinal plant widely sought for its antipyretic, 

antimalarial, anti-inflammatory, antidiabetic, and antibacterial properties, among others. Cold-pressed oil from neem seed 

(NOil) and its cyclohexane-methanol extract (NOHM) were evaluated for their effects on α-amylase and α-glucosidase 

activities in vitro. Also, NOil (75, 150, and 200 mg/kg) and NOHM (200, 400, and 800 mg/kg) were orally administered to 

normal experimental rats for 30 days, following which the lipid profile, antioxidant status, and serum and tissue indices of 

hepatic, renal, and cardiac damage were evaluated. NOHM caused significantly higher (p<0.05) α-glucosidase inhibition 

than NOil. Respectively, the α-amylase and α-glucosidase inhibitory effects of NOil (IC50 = 4.88 ± 0.38 µg/mL and 74.54 

± 25.26 µg/mL) and NOHM (5.00 ± 0.22 µg/mL and 14.17 ± 5.14 µg/mL) were superior to that of acarbose (9.67 ± 0.09 

µg/mL and >150 µg/mL). NOHM produced a stronger hypoglycemic effect than NOil. However, no biochemical alteration 

of toxicological importance was caused by either following subacute administration to animals as the organ-body weight 

ratio and serum and tissue indicators of organ damage were not adversely altered. The present findings support the safety of 

NOil and NOHM at the evaluated dosages. The effect of both oil and extract on key carbohydrate-metabolizing enzymes 

could partly explain the biochemical rationale underlying the popular ethnomedicinal application of the seed in diabetic 

management.. 
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INTRODUCTION 

 
Plants contain a rich repertoire of complex bioactive 

phytochemicals that could function additively or 

synergistically to exhibit therapeutic effects against a wide 

array of pathological conditions in humans (Attanzio et al., 

2022). Approximately 80% of the world population relies 

on medicinal plants as the primary source of healthcare, 

partly because they are more readily accessible and 

affordable than most conventional drugs (Bandaranayake 

2006; Komolafe et al., 2021). A significant part of 

traditional medicine involves the use of decoctions, 

infusions, and powders made from parts of plants, including 

leaves, bark, root, and seeds, to treat diseases. Crude or 

semi-purified extract of whole or plant parts could be used 

individually or as mixtures with other whole plants or plant 

parts (Sasidharan et al., 2011). Oils extracted from the seeds 

of plants have been used for many centuries by rural 

communities as food and medicine (Padhye et al., 2008; 

Vermaak et al., 2011). Many underexploited plant species 

are now being developed as sources of viable oils with 

relevant phytocomponents that afford not only nutritional 

values but promising therapeutic and health-promoting 

potentials (Varnham 2014). Seed oil extracted using the 

cold-pressing methods may afford healthier effects since 

heat and chemical treatment are not applied. Hence, there is 

no contamination issue like solvent residues (Garavaglia et 

al., 2016). The complexities of the multiple 

phytoconstituents in crude and impure extracts like seed oils 

warrant toxicological preassessment in non-human models 

to identify any adverse effects, safety threshold, or 

therapeutic margins of such ethnobotanical preparations. 

Risks associated with using such natural products could thus 

be identified early and the toxic agent(s) discarded or 

modified to allow for an extensive evaluation of safer, viable 

alternatives (Obidike and Salawu 2013; Winston and 

Maimes 2007). Sub-acute toxicity screening employed 

repeated dosing of employed repeated dosing of animals 

with the test substances for a period ranging from weeks to 

months to expose deleterious changes in organ, 

haematological, and biochemical indices (Obidike and 

Salawu 2013).  

 Neem (Azadirachta indica A. Juss, Meliaceae) is a very 

popular medicinal plant indigenous to the Indian 

subcontinent (Gupta et al., 2004). However, it is now 

cultivated in other parts of the world. Neem tree parts, 
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including the leaf, roots, bark, and seed oils, are widely 

sought for their numerous biological activities (Cesa et al., 

2019). Over 100 compounds have been isolated and 

characterized from neem. The compounds have been shown 

to have antipyretic, antimalarial, interferon-inducing, anti-

inflammatory, immunomodulatory, antibacterial, antiviral, 

antimutagenic, or antioxidant properties are attributed (Cesa 

et al., 2019; Subapriya and Nagini 2005). 

 Neem seed oil contains mainly triterpenoids, limonoids, 

and alkaloids (Gupta et al. 2004), and has been orally 

applied to treat leprosy rheumatism, ulcers, and skin 

diseases (Deng et al. 2013). A few studies have revealed the 

antibacterial, antidiabetic, antifungal, antimalarial, anti-

inflammatory, and antiparasitic properties of neem seed oil 

(Deng et al., 2013; Xu et al., 2010; Zhang et al., 2010). 

These biological properties have been ascribed to a wide 

range of biologically active ingredients, including 

triterpenoids like salannin, nimbin, azadirachtin as well as 

gedunin, salannin, and quercetin present in the oil 

(Alzohairy 2016; Cesa et al., 2019). In the present study, we 

investigated whether neem oil and its methanol-

cyclohexane extract possess an in vitro inhibitory effect on 

α-amylase and α-glucosidase, key carbohydrate-

metabolizing enzymes relevant to the diabetic phenotype. 

Also, we evaluated and compared their safety in an animal 

model following subacute administration. 

 

MATERIALS AND METHODS 

 

Chemicals: Hydrogen peroxide, malonaldehyde bis-

(dimethyl acetal) (MDA), thiobarbituric acid (TBA), and 

5,5′-dithiobis (2-nitrobenzoic acid) (DTNB) were procured 

from Sigma Chem., Co. (London, UK). Creatine kinase MB 

(CK-MB), aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), lactate dehydrogenase (LDH), 

bilirubin, creatinine, uric acid, urea, cholesterol, 

triglyceride, high density lipoprotein (HDL-c), low density 

lipoprotein (LDL-c/VLDL-c) assay kits were obtained from 

Fortress Diagnostics (Antrim BT41 1QS) and MTD 

Diagnostics (Maddaloni CE, Italy). Other chemicals were of 

analytical grade, and the water used was glass distilled. 

 

Acquisition of neem oil and preparation of extract: Cold-

pressed Neem oil (100%) was purchased from Georgia 

Organic Solution LLC, Blakely, GA, USA, in January 2015. 

The Neem oil (100%, 800 mL) was extracted separately 

with cyclohexane (2 x 200 mL, 6 hours each) and methanol 

(500 mL, 6 hours) using a laboratory stirrer mixer. 

Cyclohexane and methanol were removed from the extracts 

under reduced pressure (rotary evaporator). The extracts 

were combined to obtain a dark brown resin (119.5 g).  

 

Assay of α-amylase inhibition potential: The method 

described by (Bernfeld 1951) was employed to determine 

the α-amylase inhibitory activity of Neem oil (NOil) and its 

cyclohexane/methanol extract (NOHM).  Briefly, 100 uL of 

NOil or NOHM (0, 20, 50, 75, 100, 120 ug) and 100 µL of 

reaction buffer (0.02 mol/L sodium phosphate buffer, pH 

6.9 with 0.006 mol/L NaCl) containing Swine pancreatic α-

amylase (EC 3.2.1.1) (0.5 mg/mL) were incubated for 10 

minutes at room temperature (25ᵒC). After that, 100 µL of 

1% starch solution in reaction buffer was added to the 

reacting mixture, which was further incubated for 10 

minutes at room temperature and stopped with 200 µL of 

dinitrosalicylic acid colour reagent. After incubation in a 

boiling water bath for 5 min, the reaction mixture was 

cooled to room temperature, diluted with distilled water (2 

mL). The absorbance was measured at 540 nm using a 

microplate reader (SpectraMax Plus 384, Molecular 

Devices). Percentage inhibition of α-amylase activity by the 

extracts was calculated as follows: % inhibition = 

[(AbsControl - AbsSamples)/AbsControl] *100 

 

Assay of α-glucosidase inhibition potential: The ability of 

Neem oil (NOil) and its cyclohexane-methanol extract 

(NOHM) to inhibit α-glucosidase activity was determined 

in accordance with the procedure described by (Apostolidis 

et al., 2007). A mixture containing NOil or NOHM (100 µL) 

at different concentrations (0, 20, 50, 75, 100, 120 µg) and 

100 µL of α-glucosidase solution was incubated at 25˚C for 

10 min. Thereafter, 50 µL of p-nitrophenyl-α-D-

glucopyranoside solution (5 mmol/l in 0.1 mol/l phosphate 

buffer, pH 6.9) was added. The reacting mixture was further 

incubated at room temperature for 5 min. Finally, the 

absorbance was taken at 540 nm using a microplate reader. 

The α-glucosidase inhibitory activity was expressed as 

percentage inhibition as follows:  

% Inhibition of α - glucosidase activity = [(AbsControl - 

AbsSamples)/AbsControl] * 100 

 

Animals: Male albino rats (Wistar strain) weighing 180–

220 g, obtained from a private breeder and housed in the 

rodent colony of the Department of Biochemistry, Federal 

University, Oye-Ekiti, Nigeria, were used for this study. The 

rats were kept in wire mesh cages and maintained under 

controlled light cycle (12 h light/12 h dark) and fed with 

commercial rat chow (Chikum Feeds Nigeria Limited) ad 

libitum, and liberally supplied with water. Approval of the 

experimental protocol was granted by the Animal Ethical 

Committee of the Federal University Oye-Ekiti. 

 

Experimental design: Age-matched rats were assigned into 

seven groups (n =6) and treated as follows: Group I 

(Control) Corn oil (1 ml/kg); Group II 75 mg/kg Neem oil 

cyclohexane-methanol extract (NOHM); Group III 100 

mg/kg NOHM; Group IV 200 mg/kg NOHM ; Group V 200 

mg/kg Neem oil (NOil); Group VI 400 mg/kg NOil; Group 

VII 800 mg/kg NOil. Corn oil (1 ml/kg), NOHM (75-, 100- 

or 200 mg/kg), or NOil (200-, 400- or 800 mg/kg) were 

administered by oral gavage to healthy rats once daily for 

thirty (30) consecutive days. Animals were sacrificed under 

mild ether anaesthesia 24 h after the last administration. 

Blood was collected by cardiac puncture for serum 

preparation, and the major tissues (liver, kidney, heart) were 

dissected out for biochemical evaluation. 

 

Preparation of serum and tissue homogenates: Serum 

was prepared from blood collected from the animals by 

allowing the blood to clot and thereafter centrifuged at 3000 

rpm for 15 min. The supernatant (serum) was carefully 

separated and stored for biochemical analysis. Organ tissues 

(liver, kidney, heart) harvested from the animals were rinsed 

in KCl solution (1.5%) and homogenized in aqueous Tris–

HCl buffer (50 mM, pH 7.4). Thereafter, tissue 

homogenates were centrifuged at 10,000 g for 20 min at 4˚C 
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to obtain the supernatant extracts on which biochemical 

analyses were carried out. 

 

Assessment of tissue function status: The toxicological 

status of different tissues was determined by measuring the 

levels or activities of biochemical indices and markers in the 

liver (albumin, total/direct bilirubin, AST and ALT), kidney 

(creatinine, uric acid, and urea), and heart (CK-MB and 

LDH) homogenate and in the serum using assay kits 

obtained from Fortress Diagnostics (Antrim BT41 1QS) and 

MTD Diagnostics (Maddaloni CE, Italy) according to the 

instructions of the manufacturer. 

 

Assessment of serum lipid profile: Serum lipid profiles 

(total cholesterol TC, triglyceride TG, high density 

lipoprotein HDL-c, low density lipoprotein LDL-c and very 

low-density lipoprotein VLDL-c) were determined by 

colorimetric assay kits following the manufacturer's 

(Fortress Diagnostics, Antrim BT41 1QS) instructions. 

 

Assessment of the antioxidant status in tissues: The levels 

of reduced glutathione (GSH) and extent of membrane 

peroxidation in the tissues were estimated and used to assess 

the antioxidant status. 

 

Quantification of tissue membrane lipid peroxidation: 

Lipid peroxidation was determined by measuring the 

formation of thiobarbituric acid reactive substances 

(TBARS) (Varshney and Kale 1990). 

 

Assay of the level of reduced glutathione (GSH)Levels of 

GSH in experimental animals' tissues using tissue 

homogenates were estimated as previously described 

(Manuwa et al., 2017).  Sulphosalicylic acid (5 %, 150 µL) 

was added to the supernatant (100 µL), gently mixed, and 

allowed to stand for 5 min to allow for protein precipitation. 

Thereafter, the filtrate (50 µL) was added to 200 µL 0.1 M 

phosphate buffer (pH 7.4), following which Ellman's 

reagent (25 µL) was introduced. The blank was prepared 

with 200 µL buffer, 50 µL of diluted precipitating solution 

(three parts to two parts of distilled water), and 25 µL of 

Ellman's reagent. The absorbance was measured at 412 nm 

using a microplate reader (SpectraMax Plus 384, Molecular 

Devices). The GSH estimates were obtained from a GSH 

standard curve. 

Statistical analysis; In vitro results were calculated from 

replicate data (n = 3), and values from in vivo analyses are 

expressed as mean ± SEM of six animals. Statistical 

evaluation was done using One Way Analysis of Variance 

(ANOVA) followed by the Newman–Keuls comparison of 

means. The significance level was set at p< 0.05. Graph Pad 

Prism (ver.5.0a) was used for statistical analysis, graphing, 

and IC50 determinations. 

 

RESULTS  

 
α-amylase and α-glucosidase inhibitory effects of NOil 

and NOHM: As shown in Figure 1A, neem oil, NOil 

produced in vitro α-amylase inhibitory effect (IC50 = 4.88 

± 0.38 µg/mL) that was comparable and statistically the 

same as that caused by its cyclohexane-methanol extract, 

NOHM (IC50 =5.00±0.22 µg/mL). The α-amylase 

inhibitory effect of both was significantly greater (P<0.001) 

than that of the reference drug, acarbose (IC50 =9.67±0.09 

µg/mL). Figure 1B revealed that the in vitro α-glucosidase 

effect of NOHM (IC50 =14.17±5.14 µg/mL) was found to 

be significantly superior (P<0.05) to that of NOil (IC50 

=74.54±25.26 µg/mL). Both NOil (P<0.05) and NOHM 

(P<0.01) also caused stronger α-glucosidase inhibitory 

effect than acarbose (IC50= >150 µg/mL). 

 

 

Organ to body weight ratio and fasting blood glucose 

levels: NOil and NOHM did not affect the liver/body weight 

(A), kidney/body weight (B), and heart/body weight (C) 

ratios of experimental animals after thirty (30) days of 

treatment. However, fasting blood glucose was significantly 

reduced (P<0.05/P<0.001) in experimental animals treated 

with all dosages of NOHM (75 mg/kg, 39%; 100 mg/kg, 

40%; 200 mg/kg, 20%) and NOil (200 mg/kg, 24%; 400 

mg/kg, 22%; 800 mg/kg, 28%) when compared with the 

normal, untreated control (Figure 2). 

 

   
Figure 1:  
In vitro inhibition of α-amylase- (A) and α-glucosidase- (B) activities by Neem oil (NOil) and its cyclohexane-methanol extract (NOHM).  
† Each value represented mean ± SEM (n = 3) 
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Figure 2:  

Influence of Neem oil (NOil) and its cyclohexane-methanol extract (NOHM) on the organ/body weight ratios (A, B, C) and fasting blood 

sugar (D) of rats. 

Values are expressed as mean ± SEM (n=6). Bars with different superscripts are not statistically the same.  Control: distilled water. 

*p<0.05; **p<0.01; ***p<0.001 vs control. 

 

Table 1:  

Hepatic function markers in the serum and liver of rats treated with Neem oil extract (NOil) and its cyclohexane-methanol 

extract (NOHM)  

  Group ALT AST     Albumin             Total Bilirubin Direct Bilirubin 

Serum 

(U/l) 

Liver  

(U/mg prot) 

Serum  

(U/l) 

Liver  

(U/mg prot) 

Serum  

(mg/dL) 

Liver 

(g/dL) 

Serum  

(mg/dL) 

Liver 

(mg/dL) 

Serum  

(mg/dL) 

Liver 

(mg/dL) 

Control  30.36 

±4.03     

3.00 

±0.28 

65.63 

±3.15      

3.31 

±0.32 

3.20 

±0.04      

0.048 

±0.002 

3.60 

±0.27     

5.78 

±0.29 

2.2 

3±0.14      

3.57 

±0.28 

NOHM 75 23.58 

±2.86     

3.53 

±0.66 

73.31 

±7.89      

3.92 

±0.33 

3.56 

±0.10*  

0.063 

±0.007*          

4.04 

±0.40     

5.61 

±0.25          

2.93 

±0.30      

3.09 

±0.29 

NOHM 100 25.11 

±3.19     

2.37 

±0.12 

67.64 

±3.48      

2.26 

±0.32         

3.26 

±0.05     

0.044 

±0.002 

3.29 

±0.11     

6.91 

±0.42          

2.97 

±0.26      

3.09 

±0.28 

NOHM 200 17.36 

±2.82*   

2.38 

±0.16               

46.45 

±5.81      

2.38 

±0.39         

3.40 

±0.05    

0.033 

±0.002* 

3.65 

±0.32     

5.60 

±0.47         

1.93 

±0.22      

3.64 

±0.33 

NOil  200 17.24 

±3.45*   

3.14 

±0.41          

53.84 

±1.19      

3.44 

±0.44         

3.28 

±0.05    

0.061 

±0.004 

3.57 

±0.25     

5.30 

±0.24         

2.20 

±0.22      

2.74 

±0.12 

NOil  400 19.11 

±2.05*   

2.16 

±0.53          

35.39 

±1.14** 

2.58 

±0.16        

3.33 

±0.12    

0.055 

±0.003 

3.71 

±0.15     

5.92 

±0.29         

2.53 

±0.25      

3.03 

±0.30 

NOil  800 16.88 

±0.91*   

3.20 

±0.15        

52.06 

±8.34      

3.28 

±0.49         

3.40 

±0.06    

0.055 

±0.003 

3.42 

±0.16      

6.04 

±0.41 

2.05 

±0.09      

3.49 

±0.25 

Values are expressed as mean±SEM (n=6). Values with different superscripts are not statistically the same.  Control: distilled 

water. *p<0.05; **p<0.01; ***p<0.001  vs control 

 

Biochemical indices of hepatic functions: The 

biochemical indices of hepatic functions were evaluated in 

the serum and liver of rats following sub-acute 

administration of neem oil extract (NOil) and its 

Cyclohexane-methanol extract (NOHM) (Table 2). The 

reduction in ALT activity in the serum of experimental 

animals was statistically significant (P<0.05) following 

treatment with NOil at 200- (40%), 400- (31%), 800 mg/kg 

(39%), and NOHM at 200 mg/kg (41%) dosages. However, 

serum AST activity was significantly (P<0.05; 45%) 

reduced in rats treated with 400 mg/kg NOil alone. Changes 

in the hepatic levels of marker enzymes were not significant 

(P>0.05) for all treatment groups. Except for the increase in 

serum (11%) and hepatic (32%) bilirubin concentrations of 

rats treated with 100 mg/kg NOHM and a significant 

decrease in the hepatic level (30%) following 200 mg/kg 

treatment, other indices of liver functions typified by total 

and direct bilirubin were not affected.
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Table 2:  

Renal function indices in the serum and kidney of rats treated with Neem oil extract (NOil) and its cyclohexane-methanol 

extract (NOHM) 

Group  

   

      Uric Acid   Urea 
 

Creatinine 
 

 Serum (mg/dL) Kidney (mg/dL) Serum (mg/dL) Kidney 

(mg/dL) 

Serum (mg/dL) Kidney 

(mg/dL) 

Control   6.53±0.8  16.01±0.83 46.30±4.51       19.27±1.54 109.0±4.63           43.89±3.20 

NOHM 75   4.37±1.12*  35.06±2.54*** 37.12±3.61        17.23±1.87 96.52±3.24           37.72±3.67 

NOHM 100 1.91±0.72***  25.79±2.04** 25.16±5.95  17.77±1.04 105.2±13.9           40.87±10.09 

NOHM 200 2.22±0.75***  24.48±2.23** 17.45±4.77**  19.63±1.83 109.0±4.63           42.56±12.28 

NOil  200 0.88±0.20***  23.57±1.67** 35.46±6.12  18.30±0.84 98.76±2.36           57.97±8.02 

NOil  400 1.69±0.17***  13.99±1.22 26.02±2.90  17.79±1.51 101.3±7.55           64.48±3.99 

NOil  800 1.17±0.21***  10.03±1.19 30.87±5.94   18.44±1.70 112.9±3.81           20.74±5.46 

 

Values are expressed as mean±SEM (n=6). Values with different superscripts are not statistically the same.  Control: distilled 

water. *p<0.05; **p<0.01; ***p<0.001 vs control 

 
 

Figure 3:  
Serum and cardiac activities of lactate dehydrogenase (A, B) and creatine kinase-MB (C, D) respectively in rats treated with Neem oil 

extract (NOil) and its cyclohexane-methanol extract (NOHM). 

Values are expressed as mean ± SEM (n=6). Bars with different superscripts are not statistically the same.  Control: distilled water; 

*p<0.05; **p<0.01; ***p<0.001;   vs control. 

 
Biochemical indices of cardiac function: Treatment of 

normal rats with all dosages of NOHM and NOil did not 

significantly alter the activity of lactate dehydrogenase in 

the serum or heart tissues (Fig 3). Also, the reduction in 

serum CKMB activity by NOHM (200 mg/kg; 14%) and 

NOil (200 mg/kg, 19%; 400 mg/kg, 18%; 800 mg/kg, 30%) 

was statistically relevant at the highest dosage of NOil (800 

mg/kg) but neither extract affected cardiac activity of 

CKMB. 

Serum lipid profile of rats: 

Although serum total cholesterol level was unaltered by 

NOHM (75 mg/kg, 100 mg/kg, 200 mg/kg) and NOil (200 

mg/kg, 400 mg/kg, 800 mg/kg) treatment, the levels of 

triacylglycerols and very-low-density lipoprotein 

cholesterol (VLDL-c) were significantly decreased by 200 

mg/kg NOHM (P<0.05;26%) and NOil at 200 mg/kg 

(P<0.05;24%), 400 mg/kg (P<0.05; 30%) and 800 mg/kg 

(P<0.001;  37%) dosages. NOHM at the dosages evaluated 
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caused significantly (P<0.05) reduced high density 

lipoprotein-cholesterol (HDL-c) when compared with the 

normal control. In contrast, neither NOHM nor NOil 

produced statistically relevant effect on serum low density 

lipoprotein-cholesterol (LDL-c) in the experimental animals 

(Fig. 4). 

 

Effect on tissues antioxidant status: The effect of NOHM 

and NOil on the antioxidant status typified by levels of 

reduced glutathione (GSH) and the extent of biological 

membrane peroxidation in tissues of experimental animals 

are shown in Figure 5. The increases caused by NOHM in 

GSH levels of analysed tissues were not significant. 

However, NOil produced a statistically significant increase 

in GSH level in the hepatic (200 mg/kg; 96%) and cardiac 

(400 mg/kg; five-folds and 800 mg/kg; 3 folds) tissues 

compared to normal control. Neem oil and its methanol-

cyclohexane extract did not cause membrane peroxidation 

in treated rats' renal and cardiac tissues. There was, 

however, a significant reduction (P<0.05) in hepatic 

membrane peroxidation as a result of NOHM administration 

to experimental animals at 75 mg/kg (38%), 100 mg/kg 

(43%), and 100 mg/kg (40%) dosages. 

 

 
 

 
Figure 5:  

Tissue antioxidant profile of rats treated with NOil and NOHM  

Values are expressed as mean±SEM (n=6). Bars with different superscripts are not statistically the same.  Control: distilled water. *p<0.05; 

**p<0.01; ***p<0.001 vs control. 

Figure 4:  

Effect of Neem oil extract (NOil) and its 

cyclohexane-methanol extract (NOHM) on 

rats' serum lipid profile.  

Values are expressed as mean ± SEM 

(n=6). Bars with different superscripts are 

not statistically the same.  Control: distilled 

water. *p<0.05; **p<0.01; ***p<0.001 vs 

control. 
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DISCUSSION 

 

In the present study, neem oil and its solvent extract 

inhibited both 𝛼-amylase and 𝛼-glucosidase in a dose-

dependent manner in vitro. Many compounds with potential 

inhibitory effects on both enzymes have been characterized 

from medicinal plants, especially those with traditional use 

in the treatment of diabetes (Basnet et al., 2023; Oboh et al., 

2014). While 𝛼-amylase in the pancreatic juice and saliva 

facilitates the absorption of glucose by breaking down large 

insoluble starch molecules to simpler, absorbable ones, 𝛼-

glucosidase in the mucosal brush border of the small 

intestine is involved in the digestion of dietary disaccharides 

into the corresponding monosaccharides (Kazeem et al., 

2013; Oboh et al., 2014). Against this backdrop, inhibition 

of these duo enzymes represents an important strategy to 

control and lower postprandial hyperglycemia since this 

causes the postprandial blood glucose excursion to be 

considerably reduced (Kazeem et al., 2013). The effect of 

neem oil and its solvent extract on 𝛼-glucosidase and 𝛼-

amylase could be an indication of the possible mechanisms 

of antidiabetic effect (Ali et al., 2002; Chipiti et al., 2015; 

Kazeem et al., 2013), especially since both preparations 

caused significant reductions in the rats' blood glucose 

levels. As observed for the glucose-metabolizing enzymes, 

the hypoglycemic effect of the cyclohexane-methanol 

extract of neem oil was also superior to that of neem oil. 

Many synthetic drugs, including the oligosaccharide 

acarbose, act by inhibiting α-amylase and α-glucosidase, 

and the continuous use of some of these come with side 

effects such as flatulence and abdominal distention (Li et al., 

2018; Oboh et al., 2014). It is thus desirable to have natural 

products without the side effects associated with the 

synthetic ones. 

 Scientific knowledge of the oral toxicity of herbal 

products is important to identify safe dose margin, ascertain 

lethal clinical signs, or selective toxicity to specific tissues 

in order to prevent indiscriminate use (Olaleye et al., 2013). 

The organ-body weight ratio, including those of major 

organs (liver, heart, and kidney), is a sensitive indicator of 

the general health status.  The observation that NOil and 

NOMH produced no effect on these might suggest that 

normal metabolism and growth of animals were not affected 

within the treatment period and at the evaluated dosages.  

In the present study, biochemical parameters important for 

toxicity evaluation were evaluated in both the serum and 

organs (liver, kidney, and heart) of animals to identify 

possible alterations in hepatic, renal, and cardiac functions 

by neem oil and its solvent extract. The focus was on these 

three organs based on their importance to the survival of any 

organism (Suganthy et al., 2018). The liver is involved in 

metabolism and detoxification of harmful xenobiotics, and 

the levels of hepatic biomolecules (albumin, total-, direct 

bilirubin) or the activities of aminotransferases (ALT, AST) 

have been commonly used to evaluate the hepatic function 

and health status (Ghosh et al., 2019; Olaleye et al., 2013). 

Liver damage typified by cellular necrosis causes the 

leakage of cellular contents into the extracellular milieu and 

subsequently into the blood resulting in elevated serum 

levels of liver function parameters like ALT, AST, and 

bilirubin (Akinmoladun et al., 2015). Albumin, globulin, 

and total bilirubin are also related to the liver's 

hepatocellular and secretory functions (Porwal et al., 2017). 

The observations that the serum levels of ALT, AST, and 

total/direct bilirubin were not increased (but rather 

decreased for AST, ALT) by neem oil and the neem oil 

extract coupled with the fact their tissue levels were not 

significantly reduced by treatment suggest that neem oil and 

extract were non-toxic to hepatic tissues at the evaluated 

dosages (Akinmoladun et al., 2015; Ghosh et al., 2019; 

Olaleye et al., 2013). In terms of assessing renal function, 

the levels of creatinine, uric acid, and urea are important 

biochemical indices. An increase in serum creatinine level, 

a by-product of muscle metabolism that is actively secreted 

at a constant level by the proximal tubular cells, indicates 

compromised nephron function and kidney damage. It is 

directly related to kidney filtration capacity (Ogundipe et 

al., 2017). Urea produced by the liver during amino 

acid/amino metabolism is transported and excreted by the 

kidney as one of the components of urine but retained in the 

organ in case of renal injury or disease. Also, accumulation 

of uric acid, a by-product of purine nucleotide metabolism, 

in the blood is an indication of a compromised ability of the 

kidney to clear waste products (Gowda et al., 2010; 

Ogundipe et al., 2017). This investigation revealed that sub-

acute administration of either neem oil or its methanol-

cyclohexane extract does not negatively impact kidney 

functions (Porwal et al., 2017) since the levels of kidney 

function markers in the serum were not elevated.  

 Serum levels of known cardiac marker enzymes such as 

creatine kinase-MB extract (CK-MB) and LDH and serum 

lipid profile are used to evaluate cardiac health. While LDH 

gives a rough estimate of injury to myocardial tissues, CK-

MB is more specific and sensitive, being detectable at the 

early stages of myocardial injury (Komolafe et al., 2013a). 

Both enzymes (CK-MB and LDH) were assessed in serum 

and cardiac tissues of rats to better correlate events at 

cellular levels. The non-toxicity of neem oil and its extract 

to rats' hearts was demonstrated by the insignificant changes 

in serum and heart enzyme levels. Serious injury to the heart 

tissues promotes the release of both enzymes into the blood 

with a concomitant decrease in the heart tissue (Abdel-Baky 

and Abdel-Rahman 2020; Chen et al., 2008; Komolafe et 

al., 2013b). 

 Lipid profile typified by serum levels of cholesterol, 

triglyceride, LDL, and HDL is important to higher animals' 

health because they serve as risk factors of cardiovascular 

disease (Cromwell and Otvos 2004; Komolafe et al., 

2013b). Elevated LDL and low concentration of functional 

HDL is not good for the heart as the condition promotes 

atherosclerotic progression (Cromwell and Otvos 2004). 

Although the extracts showed no effect on serum total 

cholesterol and LDL levels in the present study, rats treated 

with the cyclohexane-methanol extract of neem oil showed 

reduced HDL. However, this might not be of toxicological 

importance since the values are within the reference limits 

for rats (Ihedioha et al., 2013). 

 The non-enzymatic tripeptide antioxidant, reduced 

glutathione (GSH), plays the critical role of protecting cells 

from oxidative damage. GSH levels are reduced under 

oxidative stress conditions that promote membrane 

peroxidation (Injac et al., 2009; Komolafe et al., 2013b). In 

the present study, membrane lipid peroxidation was 

quantified by the thiobarbituric acid reactive species 

(TBARS) contents produced as a result of various free-

radical driven propagation of oxidative insult to 
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polyunsaturated fatty acids (PUFAs) (Injac et al., 2009).  

Neem oil increased GSH contents in the liver and heart 

tissues but caused no TBARS formation in the organs. On 

the other hand, rat hepatic membrane peroxidation was 

reduced by the neem oil extract. Overall, the intervention 

did not cause oxidative toxicity but instead boosts the 

antioxidant profiles of the hepatic and extra-hepatic tissues 

(Komolafe et al., 2013a).  

  In conclusion, neem oil and its cyclohexane-methanol 

extract both possess strong α-amylase and α-glucosidase 

inhibitory effects in vitro. The extract is more potent against 

α-glucosidase than the oil.  The effect on key carbohydrate-

metabolizing enzymes could partly explain the biochemical 

rationale underlying the hypoglycemic effect of neem oil as 

widely reported in folklore medicine. Oral administration of 

NOil and NOHM up to 800 mg/kg and 200 mg/kg 

respectively to experimental animals for 30 days appears 

non-toxic/safe. It does not result in any biochemical 

alterations of toxicological relevance. 

 
Limitations Further confirmation of safety through evaluation of 

chronic toxicity, mutagenicity, or carcinogenicity is still 

warranted. Information on the effectiveness of the extract and its 

components to suppress blood glucose levels in diabetic animal 

model is not provided.   
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