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ABSTRACT  

Introduction 

The use of natural products for the management of diseases had been established in folk medicine. Avocado pear 

(Persea americana) is used in traditional medicine to manage type 2 diabetes mellitus. Therefore, the focus of this study 

was to investigate the mechanism behind its antidiabetic prowess by accessing the inhibitory activities of aqueous extract 

of leaves and fruit parts of avocado on α-amylase, α-glucosidase and malondialdehyde (MDA) produced by sodium 

nitropruside-induced lipid peroxidation in rats’ pancreas in vitro.  

Methods 

The inhibitory effect was assessed using 5mg/ml aqueous extracts on α-amylase and α-glucosidase activities, 

ABTS (2, 2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid)) radical, NO. radical scavenging abilities and SNP-induced 

malondialdehyde produced after which the types and quantity of phenolics in the leaves and fruit parts of Persea 

americana were characterized.  

Results 

The leaves, peel, flesh and seed extracts inhibited α-amylase, α-glucosidase and the production of 

malondialdehyde in a dose dependent pattern. The minimum extract concentration that will inhibit 50% enzyme activity 

(IC50) revealed that the peel showed the highest significant (P < 0.05) α-amylase and α-glucosidase inhibitory activities 

while the seed revealed the highest MDA inhibition, NO. and ABTS radical scavenging abilities. Syringic acid, eugenol, 

vnillic acid, isoeugenol, guaiacol, phenol, kaempherol, catechin, ρ-hydroxybenzoic acid, ferulic acid, apigenin, naringenin, 

epigallocatechin, lupeol and epigallocatechin-3-O-gallate were revealed when the aqueous extracts of avocado pear leaf 

and fruit parts was characterized.  

Conclusions 

This work unravel the possible mechanisms (inhibition of α-amylase and α-glucosidase) used by avocado pear 

leaves and fruit parts to manage/treat diabetes type 2 and the bioactive phenolics that may take part in the process. 

KEYWORDS : Type 2 diabetes, Malondialdehyde, Persea americana, α-amylase, α-glucosidase 
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INTRODUCTION  

In type 2 diabetic patients, sudden rise in blood glucose level can cause hyperglycemia through the hydrolysis of 

starch and uptake of glucose by pancreatic α-amylase and intestinal α-glucosidase respectively (Kwon et al., 2007). 

Pancreatic α-amylase hydrolyzes complex starches to oligosaccharides in the lumen of the small intestine while intestinal 

α-glucosidase converts the oligosaccharides to monosaccharaides leading to hyperglycemia (Stewart, 2007). Postprandial 

hyperglycemia is a sudden rise in blood glucose level after meal. One of the therapeutic approaches for treating diabetes is 

to decrease postprandial hyperglycemia – a complication strictly linked to diabetes mellitus. The control/management of 

this sudden rise in blood glucose level can be achieved by delaying the absorption of glucose through the inhibition of 

carbohydrate hydrolyzing enzymes which are key enzymes linked to type 2 diabetes mellitus (pancreatic α-amylase and 

intestinal α-glucosidase) in the digestive tract (Lebovitz et al., 1997). 

 

Figure 1: Schematic Diagram Illustrating the Effect of α-amylase and 
 α-glucosidase on Digestion of Carbohydrate 

 

The beneficial effects of several established enzyme inhibitors like acarbose, miglitol, voglibose, nojirimycin and 

1-deoxynojirimycin on blood glucose levels after meal have been reported (Kim et al., 2005). Amylase inhibitors are called 

starch blockers because of their ability to prevent the digestion and absorption of starches into the body. Nutritional 

evaluations of some plants have shown storage of biologically active substances which include α-amylase inhibitors 

(McEwan, 2008). α-Amylase inhibitor proteins A-1 and B-2 were extracted and partially purified from Colocasia esculenta 

(McEwan et al., 2010). Medicinal plants had been shown to have potent α-glucosidase inhibitors as their bioactive 

ingredients. Thai medicinal plant is an example of a plant that possesses α-glucosidase inhibitors with health benefits.             

The inhibitory properties of 24 traditional Thai medicinal aqueous plant extracts on α-glucosidase had been examined. 

Devil tree leaf (Alstonia scholaris) extract exhibited strong inhibition against enzyme activities (Nulibon et al., 2007). 

Studies on the α-glucosidase inhibitors present in natural sources, such as plants, foodstuffs and microbes had been 

intensive for the past forty years (Fujita & Yamagami, 2001; Fujita et al., 2001). The mechanism of action of α-glucosidase 

inhibitors is to retard the liberation of glucose from dietary complex carbohydrates and therefore delay glucose absorption, 

resulting in reduced postprandial plasma glucose levels and suppress postprandial hyperglycemia (Puls et al., 1977; 

Lebovitz et al., 1997;). In drug design, α-amylase and α-glucosidase inhibitors have been the main targets used to develop 

compounds for the management of diabetes (Franco et al., 2002). Furthermore, other benefits of α-glucosidase inhibitors, 
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such as reducing triglycerides (Lebovitz, 1998), postprandial insulin levels (Johnston et al., 1994) and anti-HIV activity 

(Fischer et al., 1996a & b; Fujita & Yamagami, 2001; Fujita et al., 2001) had also been reported. Therefore, the discovery 

of plant preparations containing glucosidase inhibitors devoid of side effects present in oral anti-diabetic drugs for the 

management/prevention of type 2 diabetes have made researches for the natural anti-diabetic agents attractive. 

Sodium nitropruside - an antihypertensive agent can also generate NO radical and therefore can be used to induce 

malondialdehyde (MDA) production in tissues (Salvemini et al., 1996; Moncada, 1997; Hariawala et al., 1997;           

Yahamoto et al., 2000). The NO released by this cytotoxic pro-oxidant had been shown to be involved in degenerative 

diseases (e.g. seizure disorders, trauma and stroke) (Oboh & Rocha, 2008). Increment in the body’s antioxidant status 

through higher consumption of vegetables and fruits had also been proved by researchers to scavenge these free radicals 

(Ren-You et al., 2010). 

Recently, scientists have diverted their interest into diabetes research making use of medicinal plants.                   

Natural enzyme inhibitors from plant sources have offered an attractive strategy for the control of postprandial 

hyperglycemia (Onal et al., 2005). The interaction between proteins and the polyphenolic compounds present in these 

natural plants give them the access to inhibit enzymatic reactions (Dawra et al., 1988; Suryanarayana et al., 2004).             

Plant foods majorly compose of phenolic compounds which are antioxidants (Rice-Evans et al., 1996). Phenols are well-

known for their cellular protective role against reactive oxygen species produced in energy metabolism                        

(Passamonti et al., 2005). Antioxidants protect by reducing reaction (donation of electron or hydrogen atom), thereby 

neutralizing and stabilizing free radicals and help prevent against their deleterious effects to body cells and tissues 

(Balasundram et al., 2006). It has been established that the antioxidant prowess of phenols is strictly dependent on the 

relationship between different parts of their chemical structure (Rice-Evans et al., 1996). However, the inhibitory potential 

of several vegetables and herbal extracts on α-amylase and α-glucosidase qualify them to be among the class of dietary 

antidiabetic agents for the control of sudden rise in blood glucose level after meal (McCue et al., 2004).  

Avocado pear serves as a good source of vitamin A, B, C, E, potassium (higher than banana) and fibers; fair 

source of iron and low in calcium. 65% of its high fat content is health-promoting monounsaturated, particularly oleic acid. 

Protein content of avocado fruit averages 2% (Owolabi et al., 2010). In ethno-medicine, plants have been well-known for 

their antidiabetic potential for many years (Ali et al., 2006). Besides the various antioxidant composition of avocado 

(Persea americana), it has been discovered that they also possess antidiabetic (Antia et al., 2005), hypolipidemic (Brai & 

Odetola, 2006), antiobesity (Brai et al., 2007) and hypotensive (Adeboye et al., 1999) prowess. Although there had been 

some reports on the nutritional importance and antioxidant properties of avocado pear, there is limited information on its 

ability to manage or control diabetes. 

Therefore this study was meant to investigate the inhibitory effect of Avocado pear (Persea americana) aqueous 

leaf and fruit parts extracts on free radicals, key-enzymes linked to type-2 diabetes (α-amylase and α-glucosidase) and 

malondialdehyde produced by sodium nitroprusside induced lipid peroxidation in order to suggest the possible mechanisms 

behind its antidiabetic strength. 

MATERIALS AND METHODS 

Materials 

 The Avocado pear (Persea americana) leaves and fruits were obtained from a farm land at Ijoka, Akure, Ondo 

state. The authentication was carried out at the Department of Crop, Soil and Pest management, Federal University of 
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Technology, Akure, Nigeria. All chemicals and reagents used in this study were of analytical grade and glass-distilled 

water was used. Absorbance was measured using JENWAY UV-visible spectrophotometer (Model 6305; Jenway, Barlo 

world Scientific, Dunmow, United Kingdom). 

Preparation of Aqueous Extracts 

After the washing of the leaves and the fruit of avocado with distilled water to remove contaminants, the fruits 

were separated into three parts (peel, flesh and seed), chopped into small pieces and sundried. The aqueous extracts of 

these leaves and three fruit parts (peel, flesh and seed) were subsequently prepared by soaking the grinded samples in 

distilled water for 24hrs at 370C; mixtures were filtered, and the filtrates were stored in the refrigerator for subsequent 

analysis. 

Lipid Peroxidation Assay 

Preparation of Tissue Homogenates 

 The rats were sacrificed under mild diethyl ether anaesthesia and the pancreas was rapidly isolated, placed on ice 

and weighed. This tissue was subsequently homogenized in cold saline (1:5 w/v) with about 10-up-and–down strokes at 

approximately 1200 rev/min in a Teflon glass homogenizer. The homogenate was centrifuged for 10 min at 3000 × g to 

yield a pellet that was discarded, and a low-speed supernatant (SI) was kept for lipid peroxidation assay (Belle et al., 

2004). 

Lipid Peroxidation and Thiobarbituric Acid Reaction s 

The lipid peroxidation assay was carried out using the modified method of Ohkawa et al., (1979). Briefly 100µl of 

SI fraction was mixed with a reaction mixture containing 30µl of 0.1M pH 7.4 Tris-HCl buffer, extract (0 – 100 µl) and 

30µl of 250µM freshly prepared FeSO4 (the procedure was also carried out using 5µM sodium nitroprusside). The volume 

was made up to 300µl by water before incubation at 37oC for 3hours. The colour reaction was developed by adding 300µl 

8.1% SDS (Sodium deodecyl sulphate) to the reaction mixture containing SI; this was subsequently followed by the 

addition of 600µl of acetic acid/HCl (pH 3.4) mixture and 600µl 0.8% TBA (Thiobarbituric acid). This mixture was 

incubated at 100oC for 1hour. TBARS (Thiobarbituric acid reactive species) produced were measured at 532 nm and 

expressed as Malondialdehyde (MDA) equivalent. 

Enzyme Inhibition Assays  

α- amylase Inhibition Assay 

 The α-amylase inhibitory activity was determined according to the method of Bernfield (1951). The aqueous 

extract (500µL) and 500 µL of 0.02 mol/l sodium phosphate buffer (pH 6.9 with 0.006mol/L NaCl) containing Hog 

pancreatic α – amylase (EC 3.2.1.1) (0.5 mg/ml) were incubated at 250C for 10 minutes. Then, 500 µL of 1% starch 

solution in 0.02mol/l sodium phosphate buffer (pH 6.9 with 0.006 mol/l NaCl) was added to the reacting mixture. 

Thereafter, the reaction mixture was then incubated in a boiling water bath for 5 minutes, and cooled to room temperature. 

The reaction mixture was then diluted by adding 10ml of distilled water, and absorbance measured at 540nm in the 

JENWAY UV-Visible spectrophotometer. The α-amylase inhibitory activity was expressed as percentage inhibition. 

α- glucosidase Inhibition Assay 

 The α-Glucosidase inhibitory activity was determined according to the method of Apostolids et al. (2007). 

Appropriate dilution of the extract (50µL) and 100µL of α- glucosidase solution was incubated at 250C for 10 minutes. 
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Thereafter, 50 µL of 5 mmol/l p-nitrophenyl-α-D-glucopyranoside (Pnp) solutions in 0.1 mol/phosphate buffer (pH 6.9) 

was added. The reacting mixture was then incubated at 250C for 5 minutes, before reading the absorbance at 400nm in the 

JENWAY UV-Visible spectrophotometer. The α-glucosidase inhibitory activity was expressed as percentage inhibition. 

2, 2’-Azino-bis (3-Ethylbenzthiazoline-6-Sulphonic acid) (ABTS˙+) Scavenging Ability 

The ABTS˙+ scavenging ability of the aqueous extracts was determined according to the method described by Re 

et al. (1999). The ABTS˙+ was generated by reacting an (7 mmol/L) ABTS aqueous solution with potassium 

peroxosulphate (K2S2O8) (2.45 mmol/L, final concentration) in the dark for 16 hrs and adjusting the absorbance at 734 nm 

to 0.700 with ethanol. 0.2 mL of appropriate dilution of the extract was then added to 2.0 mL ABTS˙+ solution and the 

absorbance was taken at 734 nm after 15 minutes. The trolox equivalent antioxidant capacity was subsequently calculated. 

Nitric Oxide (NO) Radical Scavenging Ability 

 Nitric oxide (NO) scavenging assay was performed using Griess reagent method reported by Sufanta et al. (2006). 

Briefly, 1 mL each of various concentration of the extract (0.1 – 0.4 mg/mL) and 0.3 mL of sodium nitroprusside (5 mM) 

was added. The test-tubes were then incubated at 25°C for 150 minutes. 0.5 mL of Griess reagent (equal volume of 1% 

sulphanilamide on 5% autophosphoric acid and 0.01% naphthlethylmediamine in distilled water used after 12 hrs of 

preparation) was added. The absorbance was measured at 546 nm. Then, the percentage NO radical scavenging ability was 

subsequently calculated. 

RESULTS 

Figure 2 and Figure 3 respectively present the inhibitory effect of Avocado (Persea americana) pear leaves and 

fruit parts (leaves, peel, flesh and seed) on α-amylase and α-glucosidase. Extract concentration that will inhibit 50% 

enzyme activity (IC50) was estimated and displayed in Table 1 below. In a dose dependent pattern (ranging from                  

0 – 0.164mg/mL), the result revealed that all the extracts inhibited α-amylase however, IC50 values (Table 1) revealed that 

the aqueous extract from the peel of avocado pear (IC50 = 0.28mg/mL) had the highest inhibitory effect on α-amylase 

activity while the seed (IC50 = 0.421mg/mL) had the least. The inhibitory strength of the aqueous extracts from Avocado 

pear (Persea americana) fruit parts and leaves was investigated on α-glucosidase activity and the result is presented in 

Figure 2. All the extracts inhibit α-glucosidase in a dose-dependent manner in the range of 0 – 0.4mg/mL with the peel 

(IC50 = 0.080mg/mL) having the greatest inhibitory potential while the leaf (IC50 = 0.636mg/mL) had the least. 

 

Figure 2: α-amylase Inhibitory Activity of Persea americana Leaves and Fruit Part Extracts 
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Figure 3: α-glucosidase Inhibitory Activity of Persea americana Leaves and Fruit Part Extracts 

Table 1: IC50 (Extract Concentration Causing 50% Inhibitory Effect) Values of α-Amylase and α-glucosidase 
Inhibitory Activities by Aqueous Extract of Avocado Pear (Persea americana) Leaves and Fruit Parts 

Samples 
IC 50 (mg/ml) α-

amylase 
IC 50 (mg/ml) α-

glucosidase 
 Inhibitory Activity Inhibitory Activity 

Leaf 0.280a ± 0.006 0.636a ± 0.021 
Peel 0.172b ± 0.012 0.080b ± 0.006 
Flesh 0.409c ± 0.021 0.559c ± 0.032 
Seed 0.421c ± 0.010 0.364d ± 0.041 

Values represent Mean ± Standard deviation of triplicate readings. Values with the same 
superscript along the column are not significantly (P < 0.05) different. 
 

Figure 3 shows a significant increase (P < 0.05) in the rat pancreas malondialdehyde (MDA) content when the 

rat’s pancreas tissue homogenates was incubated in the presence of 7mM sodium nitroprusside (SNP). All the extracts 

inhibited malondialdehyde production content in the tissue in a dose-dependent manner (0 – 0.313mg/mL). Aqueous 

extract from the seed (0.059mg/mL) of avocado pear had the highest inhibitory effect on lipid peroxidation induced by 

sodium nitroprusside (a prooxidant) in the pancreas while the leaf (IC50 = 0.161mg/mL) had the least. 

ABTS (2, 21–azino-bis (3-ethylbenzthiazoline-6-sulphonic acid) free radical scavenging ability is presented as 

Trolox Equivalent Antioxidant Capacity (TEAC) in Figure 4. The results revealed that all the extracts scavenged ABTS 

free radical with the aqueous extract of the seed (12.997mmol. TEAC/100g) having the highest ABTS scavenging capacity 

while the flesh (8.372mmol. TEAC/100g) had the least. 

NO (Nitric oxide) scavenging capacity of the aqueous extracts of leaves and fruit parts of Avocado (Persea 

americana) pear was investigated and the result presented in Figure 5. Judging with IC50 (extract concentration that will 

inhibit 50% oxidative potential of nitric oxide), it was revealed that the seed (IC50 = 0.059mg/mL) had the highest NO 

radical scavenging ability while the least NO radical inhibitory potential was exhibited by the leaf (IC50 = 0.289mg/mL). 

In order to reveal the phytochemical constituents responsible for the antioxidant and inhibitory potentials of the 

aqueous extracts of Avocado (Persea americana) leaves and fruit parts on α-amylase, α-glucosidase and malondialdehyde 

(MDA) produced by SNP-induced lipid peroxidation, gas chromatography was carried out to characterize the aqueous 

extract. The result as revealed by Table 3 shows that syringic acid, eugenol, vnillic acid, kaemferol, catechin, epicatechin, 
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ferulic acid, apigenin, naringenin, lupeol, epigallocatechin and epigallocatechin-3-O-gallate are the major constituent of the 

leaves, peel flesh and seed extract of Avocado pear (Persea americana). 

 

Figure 4: Inhibition of MDA Produced by SNP Induced Lipid Peroxidation by 
Persea americana Leaves and Fruit Part Aqueous Extracts 

 

 

 
Figure 5: ABTS* Radical Scavenging Ability of Aqueous Extract of Leaves and Fruit Parts of Persea americana 

 

 

Figure 6: Nitric Oxide (NO) Radical Scavenging Ability of Aqueous Extracts of Leaves 
 and Fruit Parts of Avocado (Persea americana) 
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Table 2: IC50 (Extract Concentration Causing 50% Inhibitory Effect) Values of No Radical Scavenging Ability and 
MDA Inhibitory Activity by Aqueous Extract of Avoca do Pear (Persea americana) Leaves and Fruit Parts 

Samples IC 50 (mg/ml) NO IC 50 (mg/ml) MDA 
 Scavenging Activity Inhibitory Activity 

Leaf 0.289a ± 0.011 0.161a ± 0.008 
Peel 0.257b ± 0.014 0.069b ± 0.005 
Flesh 0.262b ± 0.007 0.122c ± 0.003 
Seed 0.168c± 0.006 0.059d ± 0.002 

 
DISCUSSIONS 

One of the critical therapeutic strategies used to manage/control hyperglycemia is the inhibition of saccharide 

hydrolyzing enzymes (α-amylase and α-glucosidase) responsible for carbohydrate digestion (Shim et al., 2003). Pancreatic 

α-amylase catalyzes the incomplete breakdown of starch into disaccharides and oligosaccharides after which intestinal       

α-glucosidase catalyzes the complete breakdown of disaccharides to glucose which is been released into the blood stream. 

The slowing down of the breakdown of starch and absorption of glucose in the gastrointestinal tract through the inhibition 

of these enzymes can be exploited as a therapeutic measure to reduce postprandial hyperglycemia (Kwon et al., 2007).    

The search for natural α-glucosidase inhibitors with little or no side effects had been made attractive because of the severe 

gastrointestinal side effect attributed to synthetic α-glucosidase inhibitors such as acarbose and miglitol (Catherine et al., 

2010). 

First, the effect of Persea americana leaf and fruit parts (peel, and flesh seed) aqueous extract to inhibit α-amylase 

and α-glucosidase activities were investigated in vitro and the result is presented in Figure 1 and Figure 2 respectively.    

The results revealed that P. americana leaf and fruit parts inhibited α-amylase in a dose-dependent pattern. However, IC50 

(extract concentration that inhibits 50% enzyme activity) values (Table 1) revealed that peel extract had a significant         

(P < 0.05) highest α-amylase and α-glucosidase inhibitory potentials. The seed and the leaf had the least inhibitory strength 

against α-amylase and α-glucosidase respectively. This research is in agreement with a recent work where red and white 

ginger inhibited α-amylase and α-glucosidase in vitro (Oboh et al., 2010) and the inhibition of saliva α-amylase activity by 

plant phytochemicals gotten from pepper (Aguilar-Santamaria et al., 2009; Oboh et al., 2011;). The free and bound phenol 

extracts of Vernonia amygdalina del significantly (P < 0.05) inhibited α-amylase and α-glucosidase activities in vitro in a 

dose-dependent pattern although the α-glucosidase inhibitory activity of the extracts were significantly (P < 0.05) higher 

than their α-amylase inhibitory activity (Saliu et al., 2011). This result also supports another where the seaweeds aqueous 

extracts in the order of Gracilaria edulis > Sargassum polycystum > Ulva lactula > Gracilaria corticata exhibited 

significant (P < 0.05) inhibitory activity against α-amylase and α-glucosidase enzymes (Palanisamy & Sellappa, 2012). 

Conjugated dienes, malondialdehyde, 4-hydroxynonenal and others can be used as measures of injury mediated 

by free radical called lipid peroxidation (Denise et al., 2009). Oxidative stress increases the concentration of                       

2-thiobarbituric acid reactive substances (TBARS) which are naturally present in biological specimens                          

(lipid hydroperoxides and aldehydes) (Armstrong & Browne, 1994). In this reaction, malondialdehyde (a compound that 

results from the decomposition of polyunsaturated fatty acid lipid peroxides) equivalent are normally been reported as 

TBARS assay values with criticism directed to the reactivity of thiobarbituric acid towards other compounds other than 

MDA (Yagi, 1998). Through knoevenagel-type condensation reaction, one molecule of MDA reacts with two molecules of          

2-thiobarbituric acid to yield a chromophore with absorbance maximum at 532nm. The ability of the aqueous extract of 

Persea americana leaves and fruit parts to inhibit the production of malondiadehyde induced by sodium nitroprusside         
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(a prooxidant vasodilator that can produce nitric oxide spontaneously under appropriate reducing conditions)              

(James et al., 2010) was investigated and it was observed that all the extracts inhibited the production of malondialdehyde 

in a dose dependent manner. However, IC50 (extract concentration that will inhibit 50% MDA production) shows that the 

seed exhibited the highest significant (P < 0.05) inhibitory potential against malondialdehyde produced while the leaf 

showed the least inhibitory strength. 

Comparing the result of TBARS assay with NO scavenging ability, it was observed that the seed had the highest 

significant (P < 0.05) nitric oxide (NO) radical scavenging ability which suggests the brain behind its ability to reduce the 

production of MDA. The contribution of NO radical to cardiovascular disease had been established due to their ability to 

react with reactive oxygen species (O2
-) to give peroxinitrite (ONOO-) that can induce lipid peroxidation and other 

complications that accumulatively lead to cell death (Parihar & Hemnani, 2004). This experiment supports another where 

oral supplementation of Aphanamixis polystachya bark at a daily dose of 50 and 100 mg body weight for 28 days exhibited 

significant reduction in hepatic MDA levels when compared with that of the disease control group. There was statistically 

significant (P < 0.05) inhibition of hepatic lipid peroxidation by all the doses used (Alluri et al., 2009). This work also 

supports another research in our laboratory where aqueous extracts of both white ginger (Zingiber officinale var. Roscoe) 

and red ginger (Zingiber officinale var. Rubra) inhibited sodium nitroprusside induced lipid peroxidation in the brain 

tissues (Oboh et al., 2012). 

Table 3: Major Phenolics and Concentration (mg/100g) of Avocado (Persea americana)  
Pear Leaves and Fruit Parts 

Phenolics Leaves Peel Flesh Seed 
Syringic acid 31.65 5.86e-4 5.61e-4 27.38 
Eugenol 21.52 7.22e-4 6.48e-4 14.53 
Vnillic acid 13.33 1.64e-3 14.54 10.46 
Isoeugenol 12.92 2.07e-4 1.89e-4 10.73 
Guaiacol 12.79 - - 10.73 
Phenol 8.47 - - 10.13 
Kaemferol 8.39 4.48e-1 8.68e-1 9.07 
Catechin - 4.39 - - 
P-hydroxybenzoic 
acid  

2.51e-4 1.37 1.24 7.12e-4 

Ferulic acid    7.09e-5 8.92 11.07 1.54e-4 
Apigenin 6.06e-5 2.13 2.84 2.78e-4 
Naringenin 7.29e-4 3.20 1.86 1.25e-3 
Epigallocatechin 2.31e-4 10.29 34.84 3.06e-4 

Epicatechin 2.84e-4 37.12 46.82 5.53e-4 
Lupeol 2.61e-6 10.89 19.73 2.64e-6 
Epi-
gallocatechin-3-
O-gallate 

- 13.48 6.03 - 

 
The importance of free radical scavengers in the management/treatment of disease conditions had been exploited 

in the production of herbal drugs (Patel et al., 2010). The mechanism of antioxidants on biological cells can either be by 

preventing the production of free radicals or by neutralizing/scavenging free radicals produced in the body                   

(Oboh et al., 2007). The minimized spectra interference of ABTS.+ based model of free radical scavenging ability gives it 

advantage of been more versatile for the assessment of polar and non-polar samples at 760nm; a wavelength not normally 

encountered with natural products (Re et al., 1999). The total antioxidant capacity of the aqueous extracts was estimated as 
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Trolox Equivalent Antioxidant Capacity (TEAC) using a moderately stable nitrogen-centered radical species called 

ABTS.+ and presented in Figure 4. The result revealed that the seed had the highest ABTS.+ scavenging ability while the 

flesh had the least.  

The Phenolic characterization of the leaves and fruit parts of avocado (Persea americana) as shown in Table 3 

revealed that syringic acid was the key phenolics in leaves and seed while epigallocatechin was the major phenolics in peel 

and flesh samples. 

CONCLUSIONS 

The correlation between phenolic content of plant food and their antioxidant properties had been established     

(Sun et al., 2002). The major mechanisms of action of phenolics include reduction of free radical in order to stabilize them, 

activation of in vivo antioxidant enzymes, quenching of singlet oxygen, scavenging of free radicals, chelating metal 

catalysts, inhibition of oxidases and reduction of α-tocopherol radicals (Alia M et al., 2003; Amic D et al., 2003). One of 

the mechanisms used by these phenolics is strictly dependent on their ability to stabilize free radicals through the donation 

of proton (H+) (Materska M & Perucka I, 2005). Therefore this work elucidates the mechanisms behind the ability of 

aqueous extracts of Persea americana leaves and fruit parts to inhibit α-amylase and α-glucosidase activities, ABTS free 

radical and NO radical scavenging ability and SNP-induced malondialdehyde produced by lipid peroxidation - The results 

shed light on the reason behind their effectiveness in disease management (specifically, diabetes type 2). The significant 

inhibitory prowess of Persea americana leaves and fruit parts aqueous extracts on α-amylase and α-glucosidase may be 

attributed to the high concentration of some phenolics revealed by the GC/MS which include syringic acid, eugenol, vnillic 

acid, isoeugenol, guaiacol, phenol, kaemferol, catechin, para-hydroxybenzoic acid, ferulic acid, apigenin, naringenin, 

epigallocatechin, epicatechin, lupeol and epi-gallocatechin-3-O-gallate. This research proves right the usage of Persea 

americana leaves and fruit parts in folk medicine for the management of diabetes type-2 and also established the 

mechanisms that might be responsible for this action. Therefore the result of this research suggests that avocado pear 

leaves can be used as nutraceuticals while the fruit can be functional food for the management of diabetes type-2 and its 

cardiovascular relatives. 

REFERENCES 

1. Adeboye, J.O., Fajonyomi, M.O., Makinde, J.M., Taiwo, O.B. (1999). A preliminary study on the hypotensive 

activity of Persea americana leaf extracts in anaesthetized normotensive rats. Fitoterapia, 70: 15–20. 

2. Aguilar-Santamaria, L., Ramirez, G., Nicasio, P., Alegria-Reyes, C., Herrera-Arellano, A. (2009). Antidiabetic 

activities of Tecoma stans (L.) Juss, ex Kunth. Journal of Ethnopharmacol, 124: 284 - 288. 

3. Ali, H., Houghton, P.J., Soumyanath, A. (2006). Alpha amylase inhibitory activity of some Malaysian plants used 

to treat diabetes; with particular reference to Phyllanthus amarus. Journal of Ethnopharmacology, 107: 449–455. 

4. Alia, M., Horcajo, C., Bravo, L., Goya, L. (2003). Effect of grape antioxidant dietary fiber on the total antioxidant 

capacity and the activity of liver antioxidant enzymes in rats. Nutr. Res, 23: 1251– 1267. 

5. Alluri, V.K., Chirravuri, V., Rao, R.V.N., Reddy, K.N., Trimurtulu, G. (2009). In vitro and in vivo antioxidant 

activity of Aphanamixis polystachya bark. Amer. J. of infectious Diseases, 5: 60-67. 

 



Avocado Pear Fruits and Leaves Aqueous Extracts Inhibit α-amylase, α -glucosidase and SNP Induced                                                                    31 
Lipid Peroxidation – An Insight into Mechanisms Involve in Management of Type 2 Diabetes                                                                                       

 
www.iaset.us                                                                                                                                                    editor@iaset.us 

6. Amic, D., Davidovic-Amic, D., Beslo, D., Trinajstic, N. (2003). Structure-radical scavenging activity relationship 

of flavonoids. Croatia Chemica Acta, 76: 55-61. 

7. Antia, B.S., Okokon, J.E., Okon, P.A. (2005). Hypoglycemic activity of aqueous leaf extract of Persea americana 

Mill. Indian Journal of Pharmacology, 40: 325 – 326. 

8. Apostolidis, E., Kwon, Y.I., Shetty, K. (2007). Inhibitory potential of herb, fruit, and fungal-enriched cheese 

against key enzymes linked to type 2 diabetes and hypertension. Innovative Food Science and Emerging 

Technology, 8: 46–54. 

9. Armstrong, D., Browne, R. (1994). Free Rad. Diag. Med. 366: 43-58. 

10. Balasundram, N., Sundram, K., Samman, S. (2006). Phenolic compounds in plants and agro-industrial by-

products: Antioxidant activity, occurrence, and potential uses. Food Chemistry, 99: 191–203. 

11. Belles, N.A.V., Dalmolin, G.D., Fonini, G., Rubim, M.A., Rocha, J.B.T. (2004). Polyamines reduce lipid 

peroxidation induced by different pro-oxidant agents. Brain Research, 1008: 245–251. 

12. Bernfield, P., (1951). Enzymes of starch degradation and synthesis. Advances in Enzymology, 12:379. 

13. Brai, A.A., Odetola, and Agomo, P.U. (2007). Effects of Persea americana leaf extracts on body weight and liver 

lipids in rats fed hyperlipidemic diet. African Journal of Biotechnology, 8: 1007–1011. 

14. Brai, B.I.C., Odetola, A.A., Agomo, P.U. (2007). Effects of Persea americana leaf extracts on body weight and 

liver lipids in rats fed hyperlipidemic diet. African Journal of Biotechnology, 6: 1007 – 1011. 

15. Britton, R.S., Leicester, K.L., Bacon, B.R. (2002) Iron toxicity and chelation therapy. International Journal of 

Hematology, 76: 219–28. 

16. Catherine, K.H., Pandey, P., Arya, C.M., Ahmed, Z. (2010). Evaluation of antidiabetic activity of two important 

memory enhancing medicinal plants Baccopa monnieri and Centella asiatica. Indian J. Pharmacol, 44: 114–117. 

17. Dastmalchi, K., Dorman, H.J.D., Kosar, M., Hiltunen, R. (2007). Chemical composition and in vitro antioxidant 

evaluation of a water soluble Moldavian balm (Dracocephalum moldavica) extract. Lebensmittel Wissenschaft 

and Technologie 40: 239 – 248. 

18. Dawra, R.K., Makkar, H.P., Singh, B. (1988). Protein-binding capacity of micro quantities of tannins. Analytical 

Biochemistry, 170: 50–53. 

19. Denise, G., Lucas, S.M., Juliana V., Clovis P., Gabriela, S., Solange, C.G., Valdeci, J.P., Joao, B.T.R., Marcelo, 

F. (2009). Importance of lipid peroxidation biomarkers and methodological aspects for malondialdehyde 

quantification. Quimica Nova 32: ISSN 0100 – 4042 

20. Fischer, P.B., Karlsson, G.B., Butters, T.D., Dwek, R.A., Platt, F.M. (1996a). N-butyldeoxynojirimycin-mediated 

inhibition of human immunodeficiency virus entry correlates with changes in antibody recognition of the V1/V2 

region of gp120. Journal of Virology, 70: 7143-7152. 

21. Fischer, P.B., Karlsson, G.B., Dwek, R.A., Platt, F.M. (1996b). Butyleoxynojirimycin mediated inhibition of HIV 

entry correlates with impairment of gp120 shedding and gp41 exposure. Journal of Virology, 70: 7153-7160. 



32                          Adelusi Temitope Isaac, Oboh Ganiyu, Ayodele Jacobson Akinyemi, Richard Akinlolu Ajani  & Bakare Olalekan Olanrewaju 

 
Impact Factor (JCC): 2.4758                                                                                        Index Copernicus Value (ICV): 3.0 

22. Franco, O.L., Ridgen, D.J., Melo, F.R., Grossi-De-Sa, M.F. (2002). Plant alpha-amylase inhibitors and their 

interaction with insect alpha-amylases. European Journal of Biochemistry, 269:397-412 

23. Fujita, H., Yamagami, T. (2001). Fermented soybean-derived Touchi-extract with antidiabetic effect via α-

glucosidase inhibitory action in a long-term administration study with KAAy mice. Life Science, 70: 219-227. 

24. Fujita, H., Yamagami, T., Ohshima, K. (2001). Efficacy and safety of Touchi Extract, and α-glucosidase inhibitor 

derived from fermented soybeans, in non-insulin-dependent diabetes mellitus. Journal of Nutritional 

Biochemistry, 12: 351-356. 

25. Ganiyu, O., Adedayo, O.A., Ayodele, J.A. (2012). Inhibition of acetylcholinesterase activities and some pro-

oxidant induced lipid peroxidation in rat brain by two varieties of ginger (Zingiber officinale). Experimental and 

Toxicology, 64: 315 – 319. 

26. Hariawala, M.D., Scuke, F.W. (1997). Angiogenesis and the heart: Therapeutic implications. JR Soc Med,          

90: 1022 – 1028. 

27. Hofmann, R.W., Swinny, E.E., Bloor, S.J., Markham, K.R., Ryan, K.G., Campbell, B.D., Jordan, B.R., Fountain, 

D.W. (2000). Responses of nine  Trifolium repens L. populations to  

28. Ultraviolet-B radiation: differential flavonol glycoside accumulation and biomass production.  Annals of Botany. 

86, 527-537. 

29. James, N.S., Tara, P.D. (2010). Mechanism of Nitric Oxide Release. I. Two-electron Reduction of Sodium 

Nitroprusside by l -cysteine in Aqueous Solution. Inorganic Reaction Mechanisms, 3: 181-195. 

30. Johnston, P.S., Coniff, R.F., Hooguerf, B.J., Santiago, J.V., Pi-sunyer, F.X., Krol, A. (1994). Effects of the 

carbohydrate inhibitor miglitol in sulfonylurea-treated NIDDM patients. Diabetes Care, 17: 20-29. 

31. Kim, Y.M., Jeong, Y.K., Wang, M.H., Lee, W.Y., Rhee, H.I. (2005). Inhibitory effect of pine extract on alpha-

glucosidase activity and postprandial hyperglycemia. Nutrition 21: 756–761. 

32. Krishnaraju, A.V., Rao, C.V., Rao, T.V.N., Reddy, K.N., Trimurtulu, G. (2009). In vitro and in vivo antioxidant 

activity of Aphanamixis polystachya bark. American Journal of Infectious Diseases 5: 60-67. 

33. Kwon, Y.I., Apostolidis, E., Kim, Y.C., Shetty, K. (2007). Health benefits of traditional corn, beans and pumpkin: 

In vitro studies for hyperglycemia and hypertension management. J Med Food, 10: 266 – 275. 

34. Lebovitz, H.E. (1997). Alpha-glucosidase inhibitors. Endocrinology and Metabolism Clinics of North America, 

26: 539-551. 

35. Lebowitz, H.E. (1998). α-Glucosidase inhibitors as agents in the treatment of diabetes. Diabetes Review,               

6: 132-145. 

36. Materska, M., Perucka, I. (2005). Antioxidant activity of the main phenolic compounds isolated from hot pepper 

fruits (Capsicum annuum L.). J. Agric. Food Chem. 53: 1730-1758. 

37. McCue, P., Vattem, D., Shetty, K. (2004). Inhibitory effect of clonal oregano extracts against porcine pancreatic 

amylase in vitro. Asian Pacific Journal of Clinical Nutrition, 13: 401–408. 



Avocado Pear Fruits and Leaves Aqueous Extracts Inhibit α-amylase, α -glucosidase and SNP Induced                                                                    33 
Lipid Peroxidation – An Insight into Mechanisms Involve in Management of Type 2 Diabetes                                                                                       

 
www.iaset.us                                                                                                                                                    editor@iaset.us 

38. McEwan, R. (2008). Anti-Nutritional content of Colocasia esculenta (Amadumbe) a traditional crop food in 

Kwazulu-Natal, PhD thesis. University of Zululand, Empangeni, South Africa, pp 59–74. Med; 5: 113–124. 

39. McEwan, R., Madivha, R.P., Djarova, T., Oyedeji, O.A., Opotu, A.R. (2010). Alpha-amylase inhibitor of 

amadumbe (Colocasia esculenta): Isolation, purification and selectivity toward α-amylases from various sources. 

African Journal of Biochemistry Research, 9: 220-224. 

40. Moncada, S. (1997). Nitric oxide in the vasculature: Physiology and pathophysiology. Ann NY Acad Sci,              

811: 60 – 67. 

41. Nulibon Jong-Anurakkun., Megh Raj Bhandari., Jun Kawabata. (2007). α-Glucosidase inhibitors from Devil tree 

(Alstonia scholaris). Food Chemistry, 103: 1319 – 1323. 

42. Oboh, G., Akinyemi, A.J., Ademiluyi, A.O., Adefegha, S.A. (2010). Inhibitory effects of aqueous extract of two 

varieties of ginger on some key enzymes linked to type-2 diabetes in vitro. J. Food Nutr. Res, 49: 14–20. 

43. Oboh, G., Puntel, R.L., Rocha, J.B.T. (2007). Hot pepper (Capsicum annuum, Tepin and Capsicum chinese, 

Habanero) Prevents Fe2+-induced lipid peroxidation in Brain in vitro. Food Chem, 102: 178–185. 

44. Oboh, G., Rocha, J.B.T. (2008). Antioxidant and Neuroprotective Properties of Sour Tea (Hibiscus sabdariffa, 

calyx) and Green Tea (Camellia sinensis) on some Pro-oxidant-induced Lipid Peroxidation in Brain in vitro. Food 

biophysics. DOI10.1007/s11483-008-9092-5. 

45. Ohkawa, H., Ohishi, N., Yagi, K. (1979). Assay for lipid peroxides in animal tissues by thiobarbituric acid 

reaction. Annals of Biochemistry, 95: 351–358. 

46. Onal, S., Timur, S., Okutuku, B., Zihnioglu, F. (2005). Inhibition of alpha-glucosidase by aqueous extracts of 

some potent antidiabetic medicinal herbs. Preparative Biochemistry and Biotechnology, 35: 29–36. 

47. Owolabi, M.A., Jaja, S.I., Coker, H.A.B. (2010). Vasorelaxant action of aqueous extract of the leaves of Persea 

americana on isolated thoracic rat aorta. Fitoterapia, 76: 567-573. 

48. Palanisamy, S.K. and Sellappa, S. (2012). Evaluation of alpha-amylase and alpha-glucosidase inhibitory 

properties of selected seaweeds from Gulf of Mannar. International Research Journal of Pharmacy,               

ISSN 2230 pg 128 – 130. 

49. Parihar, M.S., Hemnani, T. (2004). Alzheimer’s disease pathogenesis and therapeutic interventions.                       

J Clin Neurosci, 11: 456–467. 

50. Passamonti, S., Vrhovsek, U., Vanzo, A., Mattivi, F. (2005). Fast access of some grape pigments to the brain. 

Journal of Agricultural and Food Chemistry, 53: 7029–7034. 

51. Patel, A., Patel, N.M. (2010). Determination of polyphenols and free radical scavenging activity of Tephrosia 

purpurea linn leaves (Leguminosae). Pharmacognosy Research, 3: 152 – 158 

52. Puls, W., Keup, U., Krause, H.P., Thomas, G., Hofmeister, F. (1977). Glucosidase inhibition: a new approach to 

the treatment of diabetes, obesity, and hyperlipoproteinaemias. Naturwissenchaften, 64: 536-537. 

 



34                          Adelusi Temitope Isaac, Oboh Ganiyu, Ayodele Jacobson Akinyemi, Richard Akinlolu Ajani  & Bakare Olalekan Olanrewaju 

 
Impact Factor (JCC): 2.4758                                                                                        Index Copernicus Value (ICV): 3.0 

53. Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., Rice-Evans, C. (1999). Antioxidant activity 

applying an improved ABTS radical cation decolorization assay. Free Radical Biology and medicine,                   

26: 1231–1237. 

54. Ren-You, G., Lei, K., Xiang-Rong, X., Yuan, Z., En-Qin, X., Feng-Lin, S., Hua-Bin, L. (2010). Screening of 

Natural Antioxidants from Traditional Chinese Medicinal Plants Associated with Treatment of Rheumatic 

Disease. Molecules, 15: 5985-5997. 

55. Rice-Evans, C.A., Miller, N.J., Paganga, G. (1996). Structure–antioxidant activity relationships of flavonoids and 

phenolic acids. Free Radical Biology and Medicine 20: 933–956. 

56. Saliu, JA., Ademiluyi, A.O., Akinyemi, A.J., Oboh, G. (2011). In vitro antidiabetes and antihypertension 

properties of phenolic extracts from bitter leaf (Vernonia amygdalina del.). Journal of Food Biochemistry,             

ISSN 1745-4514. 

57. Salvemini, D., Currie, M.G., Mollace, V. (1996). Nitric oxide-mediated cyclooxygenase activation: A key event 

in the antiplatelet effects of nitrovasodilators. J Clin invests, 97:2562 – 2568. 

58. Shim, Y.J., Doo, H.K., Ahn, S.Y., Kim, Y.S., Seong, J.K., Park, I.S. (2003). Inhibitory  effect of aqueous 

extract from the gal of Rhuz chinesis on alpha-glucosidase activities and post-prandial blood glucose.                        

J. of Enthopharmacology, 85: 283–287. 

59. Stewart, W.F., Ricci, J.A., Chese, E., Hirsch, A.G., Bandenburg, N.A. (2007). Lost productive time and costs due 

to diabetes and diabetic neuropathic pain in the US workforce. J. Occup. Environ. Med, 49: 672-9. 

60. Sun. J., Chu, Y.F., Wu, X., Liu, R.H. (2002). Antioxidant and antiproliferation activities of common fruits.           

J. Agric. Food Chem., 50: 7449–7454. 

61. Suryanarayana, P., Kumar, P.A., Saraswat, M., Petrash, J.M., Reddy, G.B. (2004) Inhibition of aldose reductase 

by tannoid principles of Emblica officinalis: Implications for the prevention of sugar cataract. Molecular Vision, 

10: 148–154. 

62. Yagi, K. (1998). Free Rad. Antiox. Prot., 108: 101-106. 

63. Yahamoto, T., Kakar, N.R., Vina, E.R., Johnson, P.E., Bing, R.J. (2000). The effect of aspirin and two NO donor 

on the infarcted heart in situ. Life Sci, 67: 839 – 846. 

 

 

 


