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THE INHIBITORY POTENTIALS OF Ficus asperifolia Miq. and Galega officinalis LEAF EXTRACTS ON TWO-KEY ENZYMES ASSOCIATED WITH TYPE 2 DIABETES MELLITUS


ABSTRACT
Studies have shown that hyperglycemia is a major indicator and principal cause of complications in type 2 diabetes mellitus. Blood glucose originates primarily from the hydrolysis of carbohydrates catalyzed by digestive enzymes. Inhibition of these enzymes is crucial for the treatment and management of diabetes mellitus. The aimed of this study was to evaluate the antioxidant properties of Ficus asperifolia and Galega officinalis leaf extracts and their inhibitory potentials on digestive enzymes in vitro. In this research, Ficus asperifolia and Galega officinalis leaves were extracted sequentially with n-hexane, ethyl acetate, methanol, and distilled water with regards to their degree of polarity. Antioxidant activity of the plants extracts was determined through the 2,2-diphenyl-1-picrylhydrazl (DPPH) and Ferric Reducing Antioxidant (FRAP) methods, also the inhibitory activities of the plant extracts on α-amylase and α-glucosidase were determined, as well as the screening phytochemical potential of the plant extracts. The experimental results revealed that the G2 ethyl acetate and G3 methanol extracts exhibited the highest total phenolic contents, with values of 28.36 ± 0.03 µg/mL and 19.39 ± 2.90 µg/mL, respectively. Similarly, these extracts also showed the highest total flavonoid contents, recorded as 195.33 ± 0.03 µg/mL for G2 and 223.67 ± 0.01 µg/mL for G3. The F3 methanol and G2 ethyl acetate extracts demonstrated the highest antioxidant activity against DPPH, with IC₅₀ values of 22.72 ± 0.03 µg/mL and 34.74 ± 0.06 µg/mL, respectively, followed by G3 methanol (87.81 ± 0.05 µg/mL). Against FRAP, G2 ethyl acetate and G3 methanol exhibited the strongest antioxidant activities, with IC₅₀ values of 156.79 ± 0.01 µg/mL and 178.19 ± 0.14 µg/mL, respectively. In addition, G3 methanol showed the most potent α-amylase inhibitory effect (IC₅₀ = 8.62 ± 0.23 µg/mL), while F2 ethyl acetate exhibited the strongest inhibition of α-glucosidase (IC₅₀ = 10.15 ± 0.26 µg/mL). Kinetic studies showed that G3 methanol and F2 ethyl acetate fraction of both Galega officinalis and Ficus asperifolia are non-competitive inhibitors of both α-amylase and α-glucosidase compared to the standard drugs (acarbose) which bind competitively unto the enzymes. Taken together these in vitro studies reveal the therapeutic potentials of G3 methanol and F2 ethyl acetate extract in the treatment or management of diabetes mellitus.
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AIM: To evaluate the in vitro antioxidant and antidiabetic activities of Ficus asperifolia and Galega officinalis leaf extracts by assessing their inhibitory effects on Alpha-amylase and Alpha-glucosidase enzymes associated with type 2 diabetes mellitus.

1.0	INTRODUCTION
1.1	BACKGROUND OF THE STUDY
Diabetes mellitus (DM) is a metabolic disorder characterized by elevated postprandial blood glucose levels resulting from the body’s inability to effectively regulate glucose metabolism, which serves as the primary source of energy (Odeyemi & Bradley, 2018). DM is broadly classified into two major types: insulin-dependent diabetes mellitus (IDDM or type 1 diabetes mellitus, T1DM) and non-insulin-dependent diabetes mellitus (NIDDM or type 2 diabetes mellitus, T2DM). In T1DM, insulin production is severely impaired due to the autoimmune destruction of pancreatic β-cells in the islets of Langerhans. In contrast, T2DM is characterized by a progressive decline in insulin secretion from β-cells coupled with a decreased sensitivity of target tissues to insulin action (Bharti, Krishnan, Kumar, & Kumar, 2018).
T2DM represents a major global health concern, affecting millions of people worldwide, and is currently ranked as the sixth leading cause of death globally (Uddin, Ali, & Junaid, 2018). It accounts for more than 90% of all diabetes cases (Gidado, Watafua, Sa, Tagi, & Abdullahi, 2019). The disease is characterized by persistent hyperglycemia, arising from defects in insulin secretion, insulin action, or a combination of both, leading to sustained elevations in postprandial blood glucose levels (Sallau, Yakubu, Aliyu, Salihu, & Boniface, 2018). This chronic elevation in blood glucose can cause progressive damage to vital organs and is a major risk factor for microvascular and macrovascular complications such as neuropathy, retinopathy, and nephropathy (Somtimuang, Olatunji, & Ovatlarnporn, 2018). 
The management of diabetes mellitus is considered a global problem or challenge, and the search for a definitive therapy is still ongoing (Sunmonu & Lewu, 2019).  Synthetic drugs such as insulin preparations, sulfonylureas, bigaunides, Thiazolidinedione’s (Rosiglitazone Pioglitazone), α-glucosidase inhibitors (Acarbose, miglitol), etc., are currently available for the management of DM, despite significant advancement in the management of diabetes mellitus (DM) through the use of synthetic  pharmaceuticals drugs (Choudhary, Kumar, & Budhwar, 2019). However, these drugs remain ineffective for long-term regulation of the glycemic level in the blood tissues and hence exhibit many undesirable side effects (Ngo, Ngo, Vo, & Vo, 2019). These shortcomings have encouraged the search for alternatives with herbal formulations gaining prominence as recommended by the World Health Organization (WHO) on the need for scientific research on traditional herbal medicines (Kidane et al., 2018). Predominantly herbal drugs have been widely used globally for diabetic treatment over thousands of years due to their traditional acceptability and lesser side effects (Thao et al., 2018). One of the most effective methods of preventing diabetes and hyperglycemia is to control the glucose level in the blood (Gajbhiye, Ganapathy, & Parasuraman, 2018).  Sugars in blood originate from the hydrolysis of dietary  carbohydrates and are catalyzed by digestive enzymes, such as α-glucosidase and α- amylase (Gajbhiye et al., 2018). Inhibition of these enzymes can retard carbohydrate digestion, thus causing a reduction in the rate of glucose absorption into the blood. Therefore, inhibition of these enzyme activities in digestive organs is considered to be a therapeutic approach for managing diabetes (Kalita, Holm, LaBarbera, Petrash, & Jayanty, 2018).
Therefore, screening of α-amylase (1,4- α-D-glucan glucanohydrolases; EC. 3.2.1.1) and α-glucosidase (α-D-glucoside glucohydrolase, EC 3.2.1.20) inhibitors in medicinal plants have  gain or received much attention (Thao et al., 2018). Plants belonging to the Ficus species are well known in the traditional system of medicine. Extracts of these plants from different extracting solvents were reported for treatment of diabetes, stomach ache, piles, skin diseases, ulcer, dysentery, inflammation, oxidative stress, and cancer (Abusufyan, Ibrahim, Mohib, Abusufyan, & Ibrahim, 2018). Galega officinalis L., which has long been used in folk medicine to treat diabetes, established that administration of Galega officinalis extract  revealed the marked hypoglycemic effect under the DM condition (Nagalievska, Sabadashka, Hachkova, & Sybirna, 2018).
1.2	STATEMENT OF THE PROBLEM
Diabetes mellitus happens to be one of the most common metabolic disorders in Nigeria and worldwide. The disease is generally believed to be incurable, more worrisome is the fact that about 70-80 % of the diabetes cases in Nigeria remain undiagnosed or untreated (Sunmonu & Lewu, 2019). The increase in prevalence and premature mortality due to diabetes imposes huge financial costs to households and governments ( Mutyambizi, Pavlova, Chola, Hongoro, & Groot, 2018). This has the potential to affect economic productivity and also threatens the livelihood of many families within the region ( Mutyambizi, Pavlova, Chola, Hongoro, & Groot, 2018). 
The use of common synthesized anti-diabetic agents for the treatment of diabetes is limited due to the high rates of secondary failure and undesirable side effects such as toxicity, discomfort, flatulence, and diarrhea (Amjadi et al., 2019). 
1.3	JUSTIFICATION OF THE STUDY
Leaves of Ficus asperifolia and Galega officinalis have been used in folk medicine to treat diabetes mellitus. However, there is no relevant scientific literature that has revealed the mechanism of action of these medicinal plants. This research is intended to unveil useful information on the inhibitory potential of Ficus asperifolia and Galega officinalis leaves on α-amylase and α-glucosidase, mode of inhibition and their antioxidant activity that will be a possible raw material for the development of antidiabetic drugs that will be readily available, cheaper, and relatively safe.  
1.4	AIM AND OBJECTIVES
The research is aimed at evaluating the in vitro antioxidant activity of Ficus asperifolia, and Galega officinalis leaves extracts and their inhibitory potential on α-amylase and α-glucosidase.      
Specific Objectives of the study are;
1. To determine the in vitro antioxidant activity of different leaves extracts using different assay methods (DPPH, FRAP)
2.	To determine the inhibitory potential (IC50) of different leave extracts on α-amylase and α-glucosidase via in vitro assay
3.	To quantitatively determine the total flavonoids and total phenols of the fractions with the highest antioxidant activity and inhibitory potential
4	To determine the mode of inhibition of the fractions with the highest inhibitory potential on α-amylase and α-glucosidase.





2.0	Materials and Methods
2.1	MATERIALS:                                   
2.1.1	CHEMICALS:
The chemicals used such as p-Nitrophenyl-α-D-glucopyranoside (P-NPG), dinitrosalicylic acid, sodium potassium tartrate, α-amylase, dimethyl sulfoxide, α-Glucosidase from Saccharomyces cerevisiae, Acarbose, Folin-Ciocalteu reagent, rutin, catechin, 2,2’-diphenyl-1-picrylhydrazyl (DPPH), 2,2-azino-bis-3- ethylbenzothiazoline-6-sulfonic acid (ABTS), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), and ascorbic acid are purchased from Sigma-Aldrich (USA). All other chemicals used, were of analytical grade obtained commercially.
2.1.2	ENZYMES
	Alpha-amylase (Porcine) and α-glucosidase (from Saccharomyces cerevisiae) was purchased from Sigma Aldrich (Germany).
2.1.3	 PLANT MATERIALS; Ficus asperifolia and Galega officinalis leaf
Leaves of Ficus asperifolia and Galega officinalis were obtained from farmland of Bassa and Anguldi junction of Jos south local government area of Plateau State Nigeria, identified by Department of Taxonomist Federal college of forestry and authenticated at the Department of Plant Science, University of Jos, Nigeria and voucher numbers were assigned Ficus asperifolia (	FHJ234) and Galega officinalis (FHJ101). Samples of the plant’s part were deposited at the university herbarium. The leaves were shade-dried to constant weight under room temperature condition and later pulverized into powder and stored in clean airtight plastic containers at 4°C until required for use.
2.2.4	 Experimental designEvaluation of the enzyme inhibitory effect of plant extracts
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Flow chart 1: Experimental design of the study
The procedure described by McCue and Shetty (2004) was adopted for alpha amylase and alpha glucosidase inhibition assays using eight groups for all the fractions of both Ficus asperifolia and Galega officinalis leaf extracts. 

Group 1; (Enzymatic Control), enzymes solution / reagent only 
Group 2; (Standard Control), enzymes solution /reagent + acarbose 
F1 n-Hexane; Enzymes solution / reagent + F. asperifolia extracts (1.25, 2.50, 3.75, 5.00, 7.50, 10.00mg/mL)
F2 Ethyl acetate; Enzymes solution /reagent F. asperifolia extracts (1.25, 2.50, 3.75, 5.00, 7.50, 10.00mg/mL)
F3 Methanol; Enzymes solution /reagent + F. asperifolia extracts (1.25, 2.50, 3.75, 5.00, 7.50, 10.00mg/mL)
F4 Distilled water; Enzymes solution /reagent+ F. asperifolia extracts (1.25, 2.50, 3.75, 5.00, 7.50, 10.00mg/mL)
G1 Hexane; Enzymes solution /reagent + G. officinalis extracts (1.25, 2.50, 3.75, 5.00, 7.50, 10.00mg/mL)
G2 Ethyl acetate; Enzymes solution /reagent + G. officinalis extracts (1.25, 2.50, 3.75, 5.00, 7.50, 10.00mg/mL)
G3 Methanol; Enzymes solution /reagent + G. officinalis extracts (1.25, 2.50, 3.75, 5.00, 7.50, 10.00mg/mL)
G4 Distilled water; Enzymes solution /reagent + G. officinalis extracts (1.25, 2.50, 3.75, 5.00, 7.50, 10.00mg/mL)

2.2	METHODS
2.2.1	Preparation of plant extracts
Powdered leaves of Ficus asperifolia and Galega officinalis 200g each was weighed separately into 1 litre separating funnel and macerated with 600mL of 70% methanol with occasional shaking for 24 hours. The mixture was filtered using Whatman filter paper. Thereafter, the filtrate was concentrated at 45°C under reduced pressure using a rotary evaporator. The remaining solvent in the concentrate was evaporated to dryness over a water bath at 50°C. The extract was weighed and stored in an air-tight plastic container at 4°C. This procedure was repeated twice with each plant sample.
2.2.2	Preparation of fractions
Methanolic Extract of plant material 200g was weighed into 500mL separating funnel, dissolved in 100ml distilled water and partitioned successively based on solvent polarity with 300mL of 70% volume of n-hexane, Methanol, ethyl acetate and aqueous or distilled water. For each solvent, the process was repeated twice and pooled together. Each of the pooled fractions was concentrated at 40°C under reduced pressure using a rotary evaporator and later in a dry air oven at 45°C to remove the remaining solvent. The percentage yield of the fractions was determined and stored in sterile sample containers at 4°C.
2.2.3	Qualitative Phytochemical Analysis 
Phytochemical screening was carried out on the plant leaf extracts of Ficus asperiofolia and Galega officinalis using different solvents such as n-hexane, dichloroform, ethyl acetate, methanol, and aqueous in order to identify the major natural chemical groups for the presence of amino acids, steroids, cardiac glycosides, phenols, tannins, terpenoids, alkaloids, flavonoids, saponins, carbohydrates, reducing sugar using the standard method as described by Trease and Evans 1978.
2.5.8	Quantitative Phytochemical Analysis
2.5.9	Total flavonoid content;
The total flavonoid content of n-hexane, chloroform, ethyl acetate, methanol and aqueous extracts of Ficus asperifolia, Galega officinalis was determined by the aluminium chloride colorimetric method. In brief 50mL of n-hexane, chloroform, ethyl acetate, methanol, and aqueous fraction, of Ficus asperifolia, Galega officinalis (1mg/mL ethanol) was made of 1mL with 70% methanol, mixed with 4mL of distilled water and then 0.3mL of 5% sodium nitrite solution. 0.3mL of 10% aluminium chloride solution was added after 5 minutes of incubation, the mixture was allowed to stand for 6 minutes. Then 2mL of 1mol/L sodium hydroxide solution was added and the final volume of the mixture was brought to 10mL with double-distilled water. The mixture was allowed to stand for 15 minutes and absorbance was measured at 510nm. The total flavonoid content was calculated from a calibration curve. The result was expressed as mg Gallic acid equivalent per gram dry weight.
2.6.0	Determination of total phenolic 
Total phenol content in the leaf fraction of Ficus asperifolia, Galega officinalis were determined using a modified Folin-Ciocalteu’s colorimetry assay. Gallic acid was used as standard. 0.5mL of the aqueous methanolic fraction was mixed with 2.5mL 10% Folin-Ciocalteu’s reagent, followed by 2.5mL 7.5% sodium carbonate. After 45 minutes at 45ºC incubation, absorbance was measured by using spectrophotometer apparatus at 765nm wavelength. All samples were prepared in replicates for each analysis and the mean value of absorbance was obtained. The procedure was repeated for the standard solution of Gallic acid and the calibration curve was obtained. The data of total phenols content of the methanol fraction was calculated as mg Gallic acid equivalent (mg of GAE/g of the fraction).
2.5.5	In vitro assay for antioxidant activity
2.5.6    2,2-Diphenyl-1-1picrylhydrazyl (DPPH) scavenging activity assay:
	The method of Shen (Omage, Orhue, & Omage, 2018) with slight modifications was used. Gallic was used as standard; 1 mg/mL of leaf extracts, fractions and standard were diluted to a range of concentrations (10–100μg/mL in methanol). A 0.2mM solution of DPPH in methanol was prepared. Thereafter, 500μL of DPPH solution was pipetted and added to different concentrations of 3mL of leaf extracts, fractions, and standards. This was followed by vigorous shaking and mixture allowed standing for 30 minutes at room temperature. A control was prepared using methanol for baseline correction. The absorbance was measured at 517nm using Automated Spectrophotometer. Lower absorbance indicates higher radical scavenging activity. The percentage inhibition was calculated using the below formula and IC50 expressed as µg/GAE:
% radical scavenging = Abs control – Abs sample X 100
                                              Abs Control
	
Where Abs control is the absorbance without extract or standard; Abs sample is absorbance with extract or sample; GAE as Gallic acid equivalent.
2.5.7 Ferric reducing antioxidant power (FRAP) assay
Method: FRAP Assay was carried out according to the method described by Banerjee et al., (2008).
The Ferric Reducing Antioxidant Power (FRAP) assay is a widely used method for evaluating the antioxidant capacity of biological samples or plant extracts. The principle is based on the ability of antioxidants to act as reducing agents in a redox-linked colorimetric reaction. Under acidic conditions, ferric ions (Fe³⁺) are reduced to ferrous ions (Fe²⁺) by electron-donating antioxidants present in the sample. This reduction leads to the formation of a colored ferrous–probe complex (commonly Fe²⁺–TPTZ complex) from the initially colorless ferric–probe complex. The intensity of the resulting blue color, measured spectrophotometrically at 593 nm, is directly proportional to the total reducing power of the sample, and hence its antioxidant potential. 
Procedure: In ferric reducing antioxidant power assay, 1mL of test sample extract in different concentrations was mixed with 3mL of 0.02M sodium phosphate buffer (pH 6.9) and 1mL of 1% potassium ferric cyanide in separate test tubes. The reaction mixture was incubated in a temperature-controlled water bath at 500C for 20 minutes, followed by the addition of 200μL of 10% trichloroacetic acid to lower the pH of the mixture. Thereafter, 0.5ml of 0.1% FeCl3 was added to the mixture. The blank will be prepared in the same manner as the samples except that 1% potassium ferric cyanide will be replaced by distilled water. The absorbance of the reaction mixture will be measured at 700nm. The reducing power was expressed as an increase in A700nm blank subtraction.
FRAP radical scavenging activity (%) = Abs control – Abs sample X 100
                                                                           Abs Control

2.6.1	Enzyme inhibition protocol principle:
Principle
= Starch + H2O                    	Reducing Groups (Maltose)
Reducing groups +Dinitrosalicylic acid             3-amino-5-nitrosalicyclic acid.
2.6.2   Assay of alpha-amylase inhibition: 
The method described by McCue and Shetty (Ozougwu & Akuba, 2018), with slight modification was used. The porcine pancreatic α-amylase enzyme was used for the assay. The enzyme (1m/mL) solution was prepared using 0.02M sodium phosphate buffer (pH 6.9). A starch solution was also prepared using 0.02M sodium phosphate buffer (pH 6.9) and this was used as substrate. The extract solutions were prepared using an equal volume mixture of distilled water and dimethyl sulfoxide (DMSO). Precisely 100 mg of each plant fraction was weighed into a separate 10 mL volumetric flask, and 5 mL of DMSO was added to dissolve the extract completely. The volume was then made up to the 10 mL mark with distilled water, yielding a stock solution with a final concentration of 10 mg/mL. The stock solution was diluted with distilled water to obtain the different concentrations for the assay. Then, a total of 250μL of extract was added to 250μL of the alpha-amylase solution, after which 250μL of the starch solution was added and incubated at 25oC for 10minutes. The reaction was terminated after incubation by adding 100μL of dinitrosalicyclic acid (DNSA) reagent. Then, the tubes were incubated in boiling water for 5 minutes and allowed to cool at room temperature. The reaction mixture was diluted with 1mL distilled water and the absorbance was measured at 540nm using a spectrophotometer. A control was prepared using similar procedure but this time replacing the extract with distilled water. Acarbose was used as positive control. All reactions were conducted in triplicates. The alpha-amylase inhibitory activity was calculated as percentage of inhibition based on the formula. The percentage inhibitions of α-amylase inhibitory activity were calculated as shown below, thus:
       % Inhibition   = Abs control – Abs sample X 100
                                              Abs Control

Where:  ∆A control = absorbance of control   ∆A extract   = absorbance of the fraction                                   
Then 50% inhibitions of enzyme activity (IC50) of the extract concentration will be determined graphically.
2.6.3   Alpha-amylase mode of inhibition: 
The mode of inhibition was carried  out according to the modified method described by Ali (Ozougwu & Akuba, 2018). 250µL of α-amylase solution was pre-incubated with 250µL (5mg/mL) of the extracts, fraction at 25oC for 10 minutes in one set of tubes. In another set of tubes, 250µL of phosphate buffer (pH 6.9) was pre-incubated with α-amylase. Then, 250µL of the starch solution was added to both sets of reaction mixtures to start the reaction at increasing concentrations (0.30-5.0 mg/mL). The reaction mixture was incubated at 25oC for 10 minutes and then boiled for 5 minutes after the addition of 500µL of DNS to stop the reaction. The rate of reducing sugars released was spectrophotometrically determined using a maltose standard curve and converted to reaction velocities. A double reciprocal plot (1/v versus 1/[S]) where v is reaction velocity and [S] is substrate concentration will be plotted. The type of inhibition of the crude extract on α-amylase activity will be determined by analysis of the double reciprocal (Line Weaver-Burk) plot using Michaelis-Menten kinetics.
2.6.4   Assay of alpha-glucosidase inhibition: 
The assay method described by Apostolidis et al.( Ozougwu & Akuba, 2018), with slight modification was used to determine α-glucosidase inhibitory activity. About 100 µL of α-glucosidase solution was incubated with 50µL of the fraction of varying concentrations (20-100 µg/mL) at 25oC for 10 minutes followed by the addition of 50µL of 5.0mM p-nitrophenyl-α-D-glucopyranoside (P-NPG) solution in 0.1M phosphate buffer (pH 6.9). The reaction mixture was then incubated for 5minutes at 25oC and 2mL of 0.1M Na2CO3 was added to stop the reaction. The α-glucosidase inhibitory activity will be determined spectrophotometrically at 405nm by measuring the rate of the yellow colored p-nitrophenol released from pNPG. The control and blank were prepared using the same method by replacing the extracts, fraction with DMSO, and distilled water, respectively. The α-glucosidase inhibitory activity was calculated by using the formula as shown below: 
% Inhibition   = Abs control – Abs sample X 100
                                       Abs Control

Where: Abs control = absorbance of the control   Abs sample = absorbance of the sample
The 50% inhibitory capacity (IC50) values of the extracts, fraction concentration were determined from plots of percent inhibition versus concentration.
2.6.5	 Mode of α-glucosidase inhibition:
 The method described by Ali et al. (Ozougwu & Akuba, 2018) was used to determine the mode of inhibition of α-glucosidase. 100µL of α-glucosidase solution (0.5mg/ml) with 50µL (5mg/mL) of the fraction was pre-incubated at 25OC for 10 minutes in one set of tubes. In another set of tubes, 50µL of phosphate buffer (pH 6.9) and α-glucosidase were pre-incubated. Then, 50µL of P-NPG at increasing concentrations (0.63-2.0mg/mL) was added to both sets of reaction mixtures to start the reaction. The reaction mixture was then incubated for 10 minutes and 500µL of Na2CO3 was added to stop the reaction. The amount of reducing sugars released was determined spectrophotometrically at 405nm; a p-nitrophenol standard curve was used and converted to reaction velocities. A double reciprocal (Line Weaver-Burk) plot (1/v versus 1/[S]) where v is reaction velocity and [S] is substrate concentration was plotted. The type of α-glucosidase inhibitory activity by the crude fraction was determined by analysis of the double reciprocal (Line Weaver-Burk) plot using Michaelis-Menten kinetic.
2.6.7	STATISTICAL ANALYSIS
Results were expressed as Mean ± SEM of the three replicate determinants. Analysis of variance (one way) was used to determine the significant effect of the extract and a simple student’s T-test was used to compare differences between means. Line-weaver Burk graph was plot in order to obtained Michalis Menten’s values (Vmax, Km I/V values).


RESULT
3.1 YIELD OF PLANT EXTRACTS RESULTS
Table 1 shows the amount of yielded extract from 200g each of Ficus asperifolia and Galega officinalis leafs powder weighed into 500mL conical flask that contained 300mL of distilled water, 70% volume of different solvents based on its polarity grade. This was left to stand overnight (24hrs) and shake for 3 hours on a mechanical shaker. The content was filtered using a non-absorbent cotton wool on a Buchner funnel-flask using a vacuum pump. The residue was subjected to several parts of rinsing and filtration with fresh solvents to attain some level of exhaustive maceration (extraction). The collective filtrates were evaporated to dryness using a rotary evaporator and a drying cabinet at 45oC. The result showed a significant difference in the extraction yield using different solvent. Among the solvents tested, distilled water yielded the highest extraction percentages (6.6% and 8.25%) and the greatest yields in grams (13.2g and 16.5g) for both Ficus asperifolia and Galega officinalis. Methanol followed with extraction percentages of 3.2% and 6.9% and yields of 6.4g and 13.8g for the same plants, compared to other solvents. The results clearly indicate that extraction yield efficiency is dependent on the solvent's polarity for polar organic solutes, and the degree of extraction yield increases with the solvent's polarity.
Table 1: Results of different Fractionated solvents of both Ficus asperifolia and Galega officinalis
	Powder Leave
	Solvent
	Solvent quantity (mL)
	Yield (gram)
	Percentage yield %

	F. asperifolia 
	Hexane 
	300
	2.3
	1.15

	F. asperifolia
	Ethyl acetate
	300
	3.9
	1.95

	F. asperifolia
	Methanol
	300
	6.4
	3.2

	F. asperifolia
	Distilled H2O
	300
	13.2
	6.6

	G. officinalis
	Hexane
	300
	10.2
	5.15

	G. officinalis
	Ethyl acetate
	300
	7.7
	3.85

	G. officinalis
	Methanol
	300
	13.8
	6.9

	G. officinalis
	Distilled H2O
	300
	16.5
	8.25





3.2.	Qualitative Phytochemical Screening
Table 2 below showed the qualitative phytochemical screening of powder leafs of Ficus asperifolia and Galega officinalis dissolved in different solvents which revealed the presence of alkaloids, saponins, tannins, flavonoids, carbohydrates, steroid, terpenes, anthraquinones, and cardiac glycosides, the presence of this phytochemical constituents in both Ficus asperifolia and Galega officinalis among different fractions are clearly based on the degree of polarity of these solvents,  with regards to these concept  methanol and aqueous solution were able to revealed more of the presence of the phytochemical constituents in  the powdered  leaf extracts of both Ficus officinalis and Galega officinalis as seen in the table for instance in distilled  solvent alkaloid (3+, 2+), tannins(2+, 2+), flavonoids(2+, 3+),  saponins (3+) but ethyl acetate and hexane shows less potency in terms of its efficacy to dissolve and reveal the presence of such phytochemicals, which may be attributed to  their degree of polarity of the solvents.
Table 2: Phytochemical screening results of different fractions of both Ficus asperifolia and Galega officinalis
	Phytochemicals
	F1
	F2
	F3
	F4
	G1
	G2
	G3
	G4

	Alkaloids
	-
	-
	++
	+++
	-
	++
	+++
	++

	Saponins
	-
	-
	-
	-
	-
	-
	+
	+++

	Tannins
	-
	-
	+
	++
	-
	+
	++
	++

	Flavonoids
	-
	-
	+
	++
	+
	+
	+++
	+++

	Carbohydrates
	-
	+
	+
	+
	-
	+
	+
	+

	Steroids
	++
	-
	+
	-
	+++
	++
	+
	-

	Terpenes
	+
	+++
	-
	-
	-
	+
	-
	-

	Anthroquinones
	-
	-
	-
	-
	-
	-
	-
	+

	Cardiac glycosides
	++
	+
	+
	-
	+++
	+++
	++
	+


Keys:  - = absent 	+ = present       + + = more present + + + = highly present
Where F1: Ficus asperifolia (Hexane) F2: Ficus asperifolia (Ethyl acetate)
F3: Ficus asperifolia (methanol) F4: Ficus asperifolia (aqueous water)
G1: Galega officinalis (Hexane) G2: Galega officinalis (Ethyl acetate)
G3: Galega officinalis (methanol) G4: Galega officinalis (aqueous water)


3.3. Quantitative Phytochemical Screening
3.3.1 Total phenols results
Table 3  below showed the result of total phenolic content (TPC) of different fractions of both Ficus asperifolia and Galega officinalis, and the values differs with resultant effect to the degree of solubility of this constituents with regards to the solvent polarity  and equally the ratio of solute to solvent as clearly seen in Ficus asperifolia,  the values of total phenols increases  with regards to an increase in the degree of polarity of this solvents for instance n-hexane (f1= 9.82±1.25) , ethyl acetate(f2=11.33±0.01) , methanol(f3=10.05±1.27), distilled water (f4=18.68±0.03) , with regards to this both methanol and distilled water proved to be the most effective solvent for the isolation of phenolic compounds however the case is slightly different with Galega officinalis which is believed to be the resultant effect of the plant coarseness or texture.

Table 3: Total phenol values of different fractions of both Ficus asperifolia and Galega officinalis
	Plant Extract
	Concentration GAE/g µg/Ml
	Plant Extract
	Concentration GAE/g µg/mL

	F1 n-Hexane
	9.82±1.25
	G1 n-Hexane
	9.23±0.01

	F2 ethyl acetate 
	11.33±0.01
	G2 ethyl acetate
	28.36±0.02

	F3 methanol
	10.05±1.27
	G3 methanol
	19.39±2.90

	F4 Aqueous water
	18.68±0.03
	G4  Aqueous water
	9.61±1.43


Results are expressed as Mean ± Standard Error of Means (n=2).

3.3.2	Total flavonoid results.
Table 4 below revealed the total flavonoid content (TFC) of different solvent of Ficus asperifolia and Galega officinalis, the values showed a significant difference with regards to the solvents degree of solubility. In F. asperifolia, the total flavonoid concentration decreased in the order of solvent polarity. The highest TFC was found in n-hexane extract (125.33±0.03), and the least was aqueous ((67.00±0.00). The trend for G. officinalis was different, methanol maintained the highest TFC (223.67±0.01) and n-hexane was the least (125.33±0.03). and then slightly reduced with Aqueous water (190.33±0.03).
Table 4: Total flavonoid values of different solvent leaf extracts of both Ficus asperifolia and Galega officinalis
	Plant Extract
	Concentration GAE/g µg/mL
	Plant Extract
	Concentration GAE/g µg/Ml

	F1 n-Hexane
	125.33±0.03
	G1 n-Hexane
	125.33±0.00

	F2 ethyl acetate 
	78.67±0.00
	G2 ethyl acetate
	195.33±0.03

	F3 methanol
	57.00±0.00
	G3 methanol
	223.67±0.01

	F4 Aqueous water
	67.00±0.00
	G4  Aqueous water
	190.33±0.03


Results are expressed as Mean ± Standard Error of Mean (n=2).

3.4	ANTIOXIDANT ACTIVITY RESULTS.
3.4.1	DPPH free radical scavenging activity results.
Table 5 revealed DPPH free radicals scavenging activity of different solvents of leaf extracts of both Ficus asperifolia and Galega officinalis as shown , and the values shown by ethyl acetate and methanol solvents tend to be relatively high as compared to the standard ( gallic acid) while that of  n-hexane and Aqueous solvent of both Ficus asperifolia and Galega officinalis are moderately lower  compared to standard (gallic).
Table 5: DPPH free radical scavenging activity values of different leaf extracts of both Ficus asperifolia and Galega officinalis
	GROUPS
	62.50µg/Ml
	125.00 µg/mL
	250.00 µg/mL
	500.00 µg/mL
	1000.00 µg/mL

	Gallic acid 
	32.44 ± 0.10
	58.55 ± 0.04
	61.63 ± 0.32
	75.81 ± 0.20
	81.45 ± 0.08

	F1N-hexane
	19.74±0.06
	27.35±0.06
	31.99±0.00
	37.08±0.06
	38.20±0.06

	F2Ethyl acetate
	42.67±0.03
	46.03±0.03
	56.77±0.03
	64.30±0.03
	59.34±0.03

	F3Methanol
	46.92±0.03
	47.25±0.03
	66.05±0.03
	62.80±0.03
	71.76±0.03

	F4Aqueous
	3.66±0.10
	3.09±0.05
	1.70±0.05
	6.21±0.03
	37.08±0.03

	G1 N-hexane
	15.72±0.05
	26.12±0.05
	30.03±0.05
	35.85±0.05
	52.52±0.05

	G2Ethyl acetate
	43.46±0.06
	49.38±0.06
	75.00±0.06
	85.62±0.06
	85.18±0.06

	G3Methanol
	32.94±0.06
	51.06±0.06
	70.41±0.06
	81.38±0.06
	85.18±0.06

	G4Aqueous
	9.45±0.06
	14.93±0.06
	21.09±0.06
	30.82±0.06
	52.63±0.06


Results are expressed as Mean ± Standard Error of Mean (n=2).


3.4.2 Ferric-reducing antioxidant power assay (FRAP) results.
Table 6 revealed Ferric-Reducing Antioxidant Power Assay (FRAP) free radicals scavenging activity of different solvent of the leaf extracts of both Ficus asperifolia and Galega officinalis as shown below, and the values showed by n-hexane, ethyl acetate and methanolic solvents of  both Ficus asperifolia and Galega officinalis were slightly lower compared to  standard (Ascorbic acid) whereas the solvent of distilled water for that of  Ficus asperifolia is are moderately higher when compared to standard (Ascorbic acid).
Table 6: Ferric-Reducing Antioxidant Power Assay (FRAP) free radical scavenging activity values of different solvent leaf fractions of both Ficus asperifolia and Galega officinalis.
	GROUPS
	62.50µg/Ml
	125.00 µg/mL
	250.00 µg/mL
	500.00 µg/mL
	1000.00 µg/mL

	Ascorbic acid
	28.47 ± 0.55
	31.84 ± 0.21
	44.74 ± 0.06
	33.60 ± 0.32
	53.70 ± 0.10

	F1N-hexane
	19.95±0.25
	16.92±0.25
	6.38±0.22
	39.36±0.09
	63.77±0.03

	F2Ethyl acetate
	7.83±0.25
	20.80±0.00
	60.04±0.04
	73.01±0.02
	81.33±0.01

	F3Methanol
	19.44±0.25
	3.65±0.23
	9.38±0.21
	54.64±0.05
	63.64±0.03

	F4Aqueous
	7.83±0.25
	34.76±0.11
	45.68±0.07
	55.10±0.10
	76.84±0.14

	G1 N-hexane
	15.91±0.25
	18.35±0.17
	34.55±0.11
	53.68±0.05
	72.97±0.02

	G2Ethyl acetate
	24.14±0.00
	54.74±0.05
	73.71±0.03
	84.99±0.01
	***

	G3Methanol
	23.11±0.15
	52.12±0.06
	68.98±0.02
	82.42±0.01
	***

	G4Aqueous
	38.13±0.25
	31.06±0.25
	1.26±0.25
	46.26±0.21
	72.09±0.02


Results are expressed as Mean ± Standard Error of Means (n=2).

3.5	GLUCOSE  ENZYMES  INHIBITION RESULTS
3.5.1	Alpha amylase activity of different fraction results 
Table 7 revealed  the inhibitory activity of different solvents of  leaf fractions of both Ficus asperifolia and Galega officinalis on α-amylase as shown in table 7 below, and the values showed that n-hexane ethyl acetate, methanol,and aqueous solvents are sightly lower  compared to standard ( acarbose) , but we observed that the values relatively increase with regards to an increase in the concentration of the fractions, the result explicitly implies that the effect of the extracts as regards to its inhibitory activity  against alpha amylase activity is dependent o n the concentration of the fraction  as clearly seen in both Ficus asperifolia and Galega officinalis  similar to the standard value
	Groups 
	1.25 mg/mL
	2.5 mg/mL
	3.5 mg/mL
	5.0 mg/mL
	7.5 mg/Ml
	10.0 mg/mL

	Acarbose
	11.98±0.15
	12.96±0.38
	19.53±0.53
	37.53±0.68
	51.87±0.60
	60.49±0.44

	F1n-hexane
	16.25±0.01
	18.35±0.01
	29.37±0.01
	34.25±0.05
	44.47±0.05
	47.22±0.03

	F2ethyl acetate
	8.94±0.07
	12.35±0.02
	17.44±0.01
	21.13±0.05
	21.59±0.02
	38.44±0.01

	F3methanol
	16.32±0.38
	17.77±0.76
	18.15±0.68
	30.43±0.27
	34.02±0.75
	37.99±0.53

	F4 Aqueous
	12.59±1.68
	18.47±0.10
	28.68±0.68
	29.98±0.61
	32.98±0.14
	35.85±0.38

	G1n-hexane
	12.17±1.24
	18.42±0.05
	25.89±0.04
	27.84±1.22
	30.89±0.53
	42.03±0.15

	G2ethyl acatate
	6.4±0.38
	17.34±0.42
	22.61±0.09
	26.64±0.28
	28.83±0.07
	32.64±0.22

	G3methanol
	3.89±0.61
	13.8±0.51
	18.07±0.45
	27.92±0.11
	39.66±0.11
	60.87±0.84

	G4Aqueous
	10.63±0.18
	11.14±0.07
	17.92±0.61
	29.44±0.08
	28.45±0.23
	33.86±0.49


Table 7: - Alpha-amylase activity of different extracts of different medicinals and Acarbose (standard drug): -

Results are expressed as Mean±standard error of means (n=2).

  3.5.2	Alpha glucosidase activity of different fraction results.
Table 8 showed The inhibitory activity of different solvents of leaf fractions of both Ficus asperifolia and Galega officinalis on α-glucosidase as shown  below, it was observed that n-hexane, methanol of Ficus asperifolia at higher concentration of the fraction are relatively lower compared to standard (acarbose) whereas that is different with all the solvent fractions of Galega officinalis when compared to standard (acarbose).  Its clearly seen that both  methanol and aqueous solvents of leaf fraction of Galega officinalis  are relatively higher compared to  standard ( acarbose) which is similar to ethyl acetate solvent leaf fraction of Ficus asperifolia  compared to standard. There is a positive correlation as regard to the effect of  increase in the polarity and concentraion of the solvent as seen in Galega officinalis column of  2.5mg/mL and 10mg/mL.


	Groups
	1.25mg/mL
	2.5mg/mL
	3.75mg/mL
	5mg/mL
	7.5mg/mL
	10mg/mL

	Acarbose 
	23.57±0.14
	13.19±0.23
	17.04±0.31
	18.65±0.41
	27.06±0.94
	33.23±0.32

	F1 n-Hexane
	5.60±0.05
	6.75±0.20
	6.65±0.70
	11.02±0.37
	16.99±0.42
	18.35±0.96

	F2 ethyl acetate 
	1.38±0.05
	2.08±0.25
	12.83±0.45
	31.69±0.25
	22.41±0.50
	54.33±0.60

	F3 methanol
	4.35±0.40
	3.74±1.20
	4.64±4.31
	15.04±0.57
	27.18±0.35
	27.28±0.47

	F4 Aqueous
	4.55±1.10
	7.06±0.50
	14.48±1.60
	14.50±0.50
	24.77±0.05
	46.65±0.85

	G1 n-Hexane
	22.41±0.81
	14.63±0.45
	29.08±0.15
	18.65±0.55
	30.89±0.55
	44.89±1.00

	G2 ethyl acetate
	10.67±0.56
	14.48±1.60
	20.25±0.25
	21.51±0.60
	32.85±0.10
	42.53±1.11

	G3 methanol
	21.06±1.15
	14.58±0.50
	16.84±0.55
	18.65±0.55
	29.09±0.15
	53.93±0.50

	G4  Aqueous
	20.10±0.20
	16.44±0.95
	20.20±0.30
	22.61±0.70
	27.23±0.10
	56.23±0.65



Table 8: Alpha-glucosidase activity of different extracts of different medicinal plants and acarbose (standard)

Results are expressed as Mean±standard error of means (n=2).

  3.6		IC50 VALUES FOR BOTH SCAVENGING AND INHIBITORY ACTIVITY
3.6.1		IC50 values for free radical scavenging activity against DPPH and FRAP
Table 9: The IC50 values obtained for various solvents extracts, each exhibiting distinct polarity profiles, demonstrate a 50% inhibition of free radical activity. These values were compared against the reference antioxidant standard, gallic acid (460.84 ± 1.81 µg/mL) in the DPPH assay and that of ascorbic acid (766.32 ± 7.47 µg/mL) against FRAP respectively. The result showed that methanol fraction of Ficus asperifolia with value F3 (22.72±0.03) and ethyl acetate fraction of Galega officinalis   with value G2 (34.74±0.06) exhibited high antioxidant activity against 2,2-diphenylpicrylhydrazyl (DPPH) compared to the standard gallic acid with value (460.84 ± 1.81 µg/mL) whereas ethyl acetate with value G2(156.79±0.01) and methanol fraction  with value G3(178.19±0.14) of Galega officinalis alone showed a significant antioxidant potency against ferric reducing antioxidant power (FRAP)  compared to standard ascorbic acid with value (766.32  ± 7.47).

Table 9: IC50 values for free radical scavenging activity against DPPH and FRAP  
	GROUPS
	IC50 DPPH (µg/mL)
	IC50 FRAP (µg/mL)

	Gallic acid
	460.84  ± 1.81
	   -

	Ascorbic acid
	-
	766.32  ± 7.47

	F1 n-Hexane
	1546±0.06
	767.84±0.25

	F2 ethyl acetate 
	161.59±0.03
	406.73±0.25

	F3 methanol
	22.72±0.03
	703.03±0.23

	F4 Aqueous water
	1477.12±0.03
	638.01±0.25

	G1 n-Hexane
	906.27±0.06 
	563.91±0.02

	G2 ethyl acetate
	34.74±0.06
	156.79±0.01

	G3 methanol
	87.81±0.05
	178.19±0.14

	G4  Aqueous water
	934.98±0.06
	635.54±0.25


Results are expressed as Mean ± Standard Error of Means (n=8).

3.6.2	Ic50 values for inhibitory activity against alpha-amylase and alpha-glucosidase
Table 10 revealed. The Half-maximal inhibitory concentration (IC50) values among different solvent with different degree of polarity (resulting in 50% inhibitory activity) compared to (reference compound) ascorbic acid (7.83± 1.05mg/mL) against α-amylase and that similarly ascorbic acid (13.74 ± 0.57mg/mL) against α-glucosidase respectively. The result showed that n-hexane fraction of Ficus asperifolia with value F1 (9.78±1.70mg/mL) and methanol fraction of Galega officinalis   with value G3 (8.62±0.23) exhibited high inhibitory activity against α-amylase  compared to the standard ascorbic acid with value ((7.83± 1.05mg/mL) whereas ethyl acetate fraction of Ficus asperifolia with value F2(10.15±0.26mg/mL) and Aqueous fraction of Galega officinalis  with value G4(10.73±0.58mg/mL) showed a significant inhibitory potency against  α-glucosidase  compared to standard ascorbic acid with value ((13.74  ± 0.57mg/mL). 







Table10: IC50 values for inhibitory activity against alpha amylase and alpha glucosidase. 
	GROUPS
	IC50 
alpha amylase (mg/mL)
	IC50 
alpha glucosidase (mg/mL)

	Acarbose
	7.83± 1.05
	13.74  ± 0.57

	F1 n-Hexane
	9.78±1.70
	28.59±0.88

	F2 ethyl acetate 
	14.97±0.41
	10.15±0.26

	F3 methanol
	13.77±0.48
	16.15±0.44

	F4 Aqueous water
	14.45±0.53
	11.87±0.32

	G1 n-Hexane
	12.74±0.43
	13.53±0.48

	G2 ethyl acetate
	15.49±0.55
	12.22±0.36

	G3 methanol
	8.62±0.23
	11.27±0.34

	G4  Aqueous water
	13.76±0.57
	10.73±0.58


Results are expressed as Mean ± Standard Error of Means (n=8). 

3.7.	ENZYMES MODE OF INHIBITION
3.7.1	Ficus asperifolia mode of inhibition against alpha amylase
Figure 1 showed below explicitly revealed the clear image of how n-hexane fraction of Ficus asperifolia inhibiting the activity of alpha amylase enzymes non-competitively  compared to standard (acarbose) whom bind unto the active site of the enzymes competitively, n-hexane fraction of Ficus asperifolia simply bind unto the allosteric sites of the enzymes thereby undergoing a structural shift in the structure of the enzymes and preventing the substrates from binding to the active site of the enzyme or rather the active sites and substrates no longer share affinity as a result of the alteration.

Fig 1: - Lineweaver-Burk double reciprocal plot of 1/v versus 1/[S] of acarbose, n-Hexane fraction of Ficus asperifolia (b) against α-amylase

3.7.2	Galega officinalis mode of inhibition against alpha amylase
Figure 2 showed below explicitly revealed the clear image of how methanol fraction of  Galega officinalis inhibiting the activity of alpha amylase enzymes non-competitively  compared to standard (acarbose) whom bind unto the active site of the enzymes competitively, methanol fraction of Ficus asperifolia simply bind unto the allosteric sites of the enzymes thereby undergoing a structural shift in the structure of the enzymes and preventing the substrates from binding to the active site of the enzyme or rather the active sites and substrates no longer share affinity as a result of the alteration.

Fig 2: - Line Weaver-Burk double reciprocal plot of 1/v versus 1/[S] of acarbose, methanol fraction of Galega officinalis (b) against α-amylase.

3.7.3	F. asperifolia mode of inhibition against alpha glucosidase
Figure 3 showed below explicitly revealed the clear image of how ethyl acetate fraction with IC50 value (F2=10.15±0.26mg/mL) of  Ficus asperifolia inhibiting the activity of alpha glucosidase enzymes non-competitively and distilled water fraction with IC50 value (11.87±0.32) of Ficus asperifolia  inhibiting the activity of alpha glucosidase enzymes competitively compared to standard (acarbose) who bind unto the active site of the enzymes competitively, ethyl acetate fraction of Ficus asperifolia simply bind unto the allosteric sites of the enzymes thereby undergoing a structural shift in the structure of the enzymes and preventing the substrates from binding to the active site of the enzyme or rather the active sites and substrates no longer share affinity as a result of the alteration whereas the distilled water fraction of Ficus asperifolia competitively bind unto the active site of the enzymes thereby blocking and preventing the substrate from binding onto the active site of the enzymes.

Fig 3: - Line Weaver-Burk double reciprocal plot of 1/v versus 1/[S] of acarbose, n-Hexane and aqueous fraction of Ficus asperifolia (b) against α-glucosidase

3.7.4	G. officinalis mode of inhibition against alpha glucosidase
Figure 4 showed below explicitly revealed the clear image of how methanol fraction with IC50 value (G3=11.27±0.34mg/mL) and Aqueous water fraction with IC50 value (G4=10.73±0.58mg/mL) of Galega officinalis tend to inhibit the activity of alpha glucosidase enzyme competitively which is similar when compared to standard (acarbose) who bind unto the active site of the enzymes competitively too. This result showed that both G3 and G4 bind unto alpha glucosidase enzymes by binding onto the active site of the enzymes thereby blocking the active site and preventing the substrates from binding onto the enzymes active sites.

Fig 4: - Line Weaver-Burk double reciprocal plot of 1/v versus 1/[S] of acarbose, methanol and aqueous fraction of Galega officinalis (b) against α-glucosidase.




















3.0 SUMMARY OF FINDINGS, CONCLUSION AND RECOMMENDATION
3.1 SUMMARY OF FINDINGS
Diabetes mellitus is a metabolic disorder, a life-threatening disease that is increasing day by day. This pathetic ailment is a result of insulin deficiency or insulin inability to regulate carbohydrate, fat, and protein metabolism. Epidemiology studies and clinical trials strongly prove that hyperglycemia is the major indicator of diabetes and the principal cause of complications. Effective blood glucose control is the key to managing diabetes mellitus, preventing its complications, and improving the quality of life in patients with diabetes (Ajayi et al., 2019). The enzymes alpha amylase and alpha glucosidase are known to be responsible for the breakdown of carbohydrates into glucose (Chelladurai & Chinnachamy, 2018). In order to effectively manage diabetes mellitus there has to be close monitoring of the levels of postprandial blood glucose and the most effective way to do this is by regulating the amount of glucose that enters the blood stream after intake of a meal and an effective way to achieve this is through the inhibition of both alpha amylase and alpha glucosidase, which can lead to reduction in post prandial hyperglycemia (Chelladurai & Chinnachamy, 2018). The available oral chemotherapeutic drugs available come with a range of uncomfortable side effects such as flatulence, abdominal pain, renal tumors, hepatic injury, acute hepatitis, abdominal fullness and diarrhea. As a result of these side effects and other constraints; patients now prefer to use locally available herbs to treat diabetes, especially those plants and plant parts that are already consumed as food or food condiments since these plants have been seen to have lower side effects and are quite affordable (Sallau et al., 2018).
 The present study is geared towards investigating the inhibitory potentials of Ficus aperifolia and Galega officinalis on two key carbohydrate hydrolyzing enzymes, namely, α- amylase and α-glucosidase. Phytochemicals such as phenolic and flavonoid compounds present in various herbs are well known for their antioxidant, antidiabetic activity properties and for this reason there are interests in using phenolic and flavonoid rich extracts in the treatment of diabetes and its complications (Abusufyan et al., 2018). In this present study, five different solvents including n-Hexane, Ethyl acetate, Methanol, Aqueous water with an increase in the order of their polarity index were used. The phytochemical (qualitative and quantitative) analysis revealed the presence of active principles such as tannins, carbohydrate and anthraquinones in trace amounts, reducing sugars and Cardiac glycosides in moderate concentration and total flavonoid, total phenols, saponin, alkaloid, Terpenes, and Steroids in high amount. This is consistent with the results of (Luka et al., 2017) and (Omoniwa & Luka, 2012). Free radicals are closely associated with oxidative damage and antioxidants are reducing agents, which limit oxidative damage to biological structures by donating electrons to free radicals and passivizing them (Lalhminghlui & Jagetia, 2018). Antioxidant compounds such as phenolic acids, polyphenols, and flavonoids reduce free radicals such as peroxide, hydrogen peroxide or lipid peroxyl, and thus inhibit oxidative mechanisms that lead to degenerative disease (Farklı, Metabolitleri, Fitokimyasal, Çalışmaları, & Antihelmintik, 2018). 
The results of various antioxidant activities studied are shown in Tables 7-8. The values of the various antioxidant activities ranged from 62.5µg/mL - 1000µg/mL. Fractionated Ficus asperifolia aqueous leave extract has (37.08±0.03) at 1000µg/mL as the highest activity and the lowest activity was recorded at 62.5µg/mL as (3.66±0.10) compared to the standard (gallic acid) which has (81.45 ± 0.08) at 1000µg/mL as the highest activity and the lowest activity was recorded at 62.5µg/mL as (32.44 ± 0.10), and that of Fractionated Galega officinalis aqueous leave extract has (52.63±0.06) at 1000µg/mL as the highest activity and the lowest activity was recorded at 62.5µg/mL as (9.45±0.06); when compared both the fractionated aqueous leave extract of both Ficus asperifolia and Galega officinalis show a low inhibitory activity compared to the standard (gallic acid), but the Fractionated ethyl acetate and methanol leafs extracts of both ficus asperifolia and Galega officinalis tend to show a high inhibitory activity when compared to the standard as shown in table 7 for DPPH assay. In terms of Ferric-Reducing Antioxidant Power Assay (FRAP), the Fractionated Galega officinalis aqueous leave extract has (72.09±0.02) at 1000µg/mL as the highest activity and the lowest activity was recorded at 62.5µg/mL as (38.13±0.25), tend to be higher than the standard (ascorbic acid) (53.70 ± 0.10) at 1000µg/mL as the highest activity and the lowest activity was recorded at 62.5µg/mL as (28.47 ± 0.55). Whereas that of fractionated aqueous leaves extract of Ficus asperifolia is lower than the standard. And Fractionated ethyl acetate and methanol extracts of both Galega officinalis and Ficus asperifolia still remain higher than the standard ascorbic acid values as shown in table 8.  
	In this present study, Table 9 and 10 reveals that a concentration-dependent inhibitory effect on α -amylase and α-glucosidase enzymes was observed at various concentrations of the extract and acarbose (standard drug) used. The median Inhibitory Concentration (IC50) of the MEDVL on α-amylase and α-glucosidase was estimated as seen in table 9 and 10, while that of the standard acarbose was 7.83± 1.05 and 13.74 ± 0.57 µg/mL. The percentage inhibition in (Table 9 and 10) implies that the different fractionated extracts of Ficus asperifolia and Galega officinalis leaves are very potent α-amylase and α-glucosidase inhibitors in comparison with acarbose and can served a natural source of antidiabetic drug. Hence to determine the mode of inhibition of this enzyme, using the double reciprocal plot,  n-hexane fraction of F. asperifolia (F1) and methanol fraction of G. officinalis (G3) indicated a non-competitive mode of inhibition against α-amylase, this suggests that the active component of this fractions binds to a site other than the active site of the enzyme and combine itself with either free enzyme or enzyme-substrate complex possibly or interfering with the action of both, whereas F2, F4, G3, G4, indicated a competitive mode of inhibition against α-glucosidase, and in this regard, the active component of this fractions binds to  the active site of the enzyme thereby interfering with its action. Any plant with a strong inhibitory effect against α-amylase and α-glucosidase could serve as an effective therapy for postprandial hyperglycemia with minimal side effects. 
4.2	CONCLUSION
The findings of this study demonstrate the comparative in vitro antioxidant and antidiabetic activities of Ficus asperifolia and Galega officinalis. The result further highlights the influence of extraction solvent polarity, total flavonoid content, and total phenolic content on the biological activities observed. These variations were significantly dependent on both the plant species and the polarity of the solvents employed during extraction. More polar solvents seem to be more effective in extracting phenolic and flavonoid content from the leaves. Hence findings from this study have demonstrated the antioxidant and antidiabetic potential of Ficus asperifolia and Galega officinalis via its in vitro inhibitory action on both α-amylase and α-glucosidase. Therefore, Ficus asperifolia and Galega officinalis leaves extract could be potentially used as natural therapy for type 2 diabetes mellitus with minimal side effects.
4.3	RECOMMENDATION                              
	This study has verified claims about the antioxidant and antidiabetic properties of different solvent extract of both Ficus asperifolia and Galega officinalis leaves, suggesting their major mechanism of action as to their ability to inhibit two key carbohydrate hydrolyzing enzymes, namely, α- amylase and α-glucosidase, thus this study proposes extracts of both Ficus asperifolia and Galega officinalis leaves a viable alternative to acarbose. Also in view of the observed potency of these two plants to inhibit the two key carbohydrates hydrolyzing enzymes which are responsible in hydrolyzing carbohydrates thereby leading to hyperglycemia, the following are recommended:
1. Further study should be done in order to isolate and characterize the active chemical component and principle behind this observed effect, with the aim of developing a cheaper and safer substitute for acarbose in order to avert certain uncomfortable side effects such as flatulence, abdominal pain, renal tumors, hepatic injury, acute hepatitis, abdominal fullness and diarrhea side associated with available oral chemotherapeutic drugs.
2. Efforts should be stepped up to ascertain candor or veracity of local traditional claims and formulae for treating diabetes mellitus. 
3. Nigerian scientists should be encouraged through grands to enable them carry out research in this field, with the view to solving the myriad of challenges facing many diabetic patients today.
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