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	The therapeutic efficacy of bioactives from Anogessius leiocarpus, a medicinal plant widely used in folkloric medicine in Nigeria in the management of diabetes mellitus (DM), can be improved using novel drug delivery systems. The objective of this study is to evaluate the antidiabetic potentials of Anogessius leiocarpus root bark extracts and lipospheres delivery system loaded with A. leiocarpus root-bark methanol extract compared with glibenclamide, a standard antidiabetic. The root bark was powdered and then extracted using methanol, 95% ethanol, and a combination of 95% ethanol and trona using a Soxhlet extractor. Preliminary antidiabetic properties of A. leiocarpus root-bark extracts were determined in alloxanized rats, and thereafter the optimized methanol extract was formulated into lipospheres containing 1, 2 and 3%w/w of the extract by high-shear homogenization using 10%w/w lipid matrix composed of 30% Phospholipon® 90H in 70% beeswax. Physicochemical properties, in vitro drug release in simulated intestinal fluid (SIF, pH=7.4) and simulated gastric fluid (SGF, pH=1.2) and anti-diabetic properties were determined. The phytochemical screening revealed the presence of saponins, alkaloids, glycosides, steroids, reducing sugars, flavonoids and tannins. Spherical particles with particle size range 135±1.58 - 195±2.24µm, which were stable over four weeks were obtained. Higher drug release in SIF (up to 100%) than SGF (<50%) and a mixed order release mechanism were obtained. The formulations caused significant (P<0.05) reduction in blood glucose level which was comparable with that obtained with glibenclamide. Lipospheres are a potentially safer and cheaper alternative therapeutics for DM given the numerous side effects associated with conventional glibenclamide.
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Introduction 
                Diabetes mellitus (DM), characterized by elevated blood glucose levels and anomalies in the metabolism of protein and fat, is a chronic multisystem illness having effects on the body's chemistry and anatomy.1 Type 1 diabetes is associated with absence of insulin, while type 2 diabetes is associated with inadequate pancreatic insulin secretion.2 Diabetes mellitus can present as glycosuria, polyuria, polyphagia, and polydipsia, among other clinical symptoms.3-5 Diabetes mellitus has an epidemic impact on the populace. According to estimates, 21% of adults over 60 suffer from diabetes, while 9.6% of those over 20 have the condition. In the US, diabetes ranks as the fourth most common cause of death from disease. Formerly called as non-insulin dependent diabetes mellitus (NIDDM), type 2 diabetes accounts for approximately 98% of all diabetes diagnoses in adults over 45, 18% in adults 65 to 75 years of age, and 40% in adults over 80 years of age.6 Over the next 30 years, the World Health Organization (WHO) predicts that the number of people with diabetes will double.7 
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In addition to medication, diet and exercise are crucial for managing blood sugar levels and diabetes overall.8, 9 However, long-term use of antihyperglycemic medications, which are the mainstay for managing diabetes and include metformin, sulphonylureas, and others, has been linked to a variety of side effects, including hypoglycemia, hepatotoxicity, diarrhea, flatulence, and stomach pain.10, 11 Following extended treatment, reports of drug resistance to these medications have also been made.12  For diabetes therapy, the creation of safe, natural anti-diabetic drugs is critically needed.in order to avoid or at least lessen these difficulties. With the enormous function that phytomedicines have contributed to the advancement and finding of drugs aimed at alleviating various ailments, the identification of novel phytoconstituents via local use or ethnobotanical data seems to be a particularly interesting technique. The main advantage of employing medications derived from plants is that they are generally safer than synthetic substitutes, providing significant therapeutic benefits and more reasonably priced therapies.13–15 It is believed that 50% of Western medications now on the market contain plant ingredients or have used them as models.16 Researchers and diabetes patients are increasingly looking for medicinal herbs with anti-hyperglycemic properties as a substitute therapy. Many plants have been found to have antidiabetic properties; it has been shown that these plant ingredients can reduce hunger, gluconeogenesis in the liver, blood sugar levels, weight of the body, and intestinal sugar absorption. They can also stimulate the pancreatic beta-cells' production of insulin in response to glucose, which may be helpful in the prevention and management of diabetes mellitus.17–23 Moreover, some active principles and parts thereof of plants with anti-diabetic activity have been formulated into various dosage forms for better administration and efficacy.24 
Anogessius leiocarpus (Figure 1) root bark (DC Guill & Perr, Fam. Combretaceae) is a tiny to medium-sized tree or a slow-growing evergreen bush that grows to a height of 15 to 30 meters and is primarily found in humid tropical forests and valleys in East and West Africa. Its leaves are simple, entire, and alternate to nearly opposite, densely silky and hairy.25, 26 Traditional healers employ several components of this plant, including the leaves, roots, and trunk bark, to cure and manage helminthiasis, trypanosomiasis, malaria, dysentery, diarrhoea, fever, coughs, rheumatism, leprosy, dental caries and periodontal diseases, wounds and skin diseases as well as diabetes mellitus.25, 26
Over the years, tremendous improvements have been achieved on the creation of innovative drug delivery systems (NDDS) for extracts and active ingredients found in plants.27-31 The creation of innovative herbal remedies, such as microspheres, ethosomes, and lipospheres, has several advantages for herbal drugs in phyto-formulation research. These advantages include improved distribution of tissue macrophages, continuous administration, and defense against chemical and physical deterioration, and enhanced solubility and bioavailability.27-31 Particulate dispersions of solid, spherical particles with a diameter ranging from 0.2 to 100 μm, lipospheres are supported by a monolayer of phospholipids and include a solid hydrophobic fat core, such as triglycerides or derivatives of fatty acids.32 The medication is dissolved or distributed in a solid fat matrix within the lipospheres' interior core.28–41 Many plant extracts, such as ginseng, kushenin, marsupsin, kushenin, green tea, and curcumin, as well as plant-derived bioactives like flavonoids, terpenoids, saponin, catechins, and flavolignan from herbal remedies, have been prepared as lipospheres. as well.35, 42 This approach has severally been shown to improve the physicochemical properties, stability, bioavailability and efficacy, and enhance administration of the encapsulated bioactives. Meanwhile, the literature on lipospheres delivery system of Anogeissus leiocarpus contains little information. Formulating Anogeissus leiocarpus into lipospheres delivery system would improve the physicochemical, biological and pharmacotherapeutic properties of the plant extract.
Consequently, this study's goals were to determine Anogeissus leiocarpus root bark extract's antidiabetic qualities in order to authenticate the veracity of the claim regarding its ethnomedical use in the management of diabetes, to make lipospheres with methanol extract from the root bark of Anogeissus leiocarpus and scrutinize plain (drug-free) as well as methanol extract loaded lipospheres for physicochemical performance, and to investigate the anti-hyperglycemic effect of methanol extract loaded lipospheres in alloxanized animals.
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Figure 1: Anogeissus leiocarpus tree showing the trunk and part of the root.
 
Materials and Methods
Beeswax (BDH, England), Poloxamer® 188 (BASF AG, Ludwigshafen, Germany), sorbic acid (Sigma Aldrich, USA), alloxan monohydrate (Sigma, USA), dimethylsulphoxide, distilled water, monobasic potassium phosphate, hydrochloric acid, sodium chloride and Phospholipon® 90H (Phospholipid GmbH, Koln, Germany), were the materials used as obtained without further purification. In our lab, we processed methanolic root bark extract from Anogeissus leiocarpus.
 
 
 
Plant collection, identification and extraction
A herbal practitioner in Uzo Uwani Local Government Area, Enugu State, collected the root of Anogeissus leiocarpus in March 2010. Mr. Ozioko, an analyst in the Botany Department of the University of Nigeria Nsukka, identified the root, and the voucher specimen (voucher number PHE-07-2010) was deposited in the Department of Pharmacognosy of our University. Anogeissus leiocarpus root was chopped into little pieces and dried in the shade. After being dried and powdered into a fine powder, 95% methanol, 95% ethanol, and a mixture of 95% ethanol and trona each was used to extract the bark using a Soxhlet extractor (Gallenkamp, UK). A rotary evaporator (Gallenkamp, UK) was used to further filter and concentrate each extract.
 
Analysis of the root bark of Anogeissus leiocarpus using phytochemistry 
Using known standard protocols, phytochemical analysis was performed on all extracts of A. leiocarpus root bark to determine the presence of phytoconstituents.43 Positive (+) or negative (-) was the qualitative expression for each test.
 
Acute toxicity studies on the extracts
Animals used in the experiment
The study used Swiss albino mice (18–25 g) of both sexes. The animals were obtained from the animal home of the University of Nigeria, Nsukka's Faculty of Veterinary Medicine. Two weeks were given to the animals to become used to their new surroundings before the study began. Throughout the trial, the mice were housed in polypropylene cages at ambient temperature and humidity levels, with a 12-hour light/dark cycle. They were fed normal rodent diet and had unlimited access to water. The Ethical Guidelines of Animal Care and Use were followed during the conduct of this investigation and was approved by the Research Ethics Committee of our institution (approval no. FPSRE/UNN/14/00043).
 
Studies on acute toxicity
A modified Lorke's method was used to determine the oral acute toxicity (LD50),44 which allowed for an assessment of the extracts' safety for the mice. Appropriate markings and weights were applied to the treatment and control animals. Six oral dosages of the plant extracts (10, 100, 1000, 1600, 2900, and 5000 mg/kg body weight) were used in the acute toxicity test on mice. There were two stages of the investigation. In the first phase of the trial, nine mice were randomly assigned to three groups of three mice each, and each group was given oral doses of 10, 100, and 1000 mg/kg body weight of the extract. The mice were monitored for paw licking, salivation, stretching of the entire body, weakening, sleeping, breathing difficulties, coma, and death during the first four hours and then daily for the following seven days. In the second part of the investigation, nine additional mice were randomly assigned to three groups consisting of three mice each, and 1600, 2900, and 5000 mg/kg b. wt. of each extract were given orally based on the results of the first phase. The animals were observed daily for the next seven days, and during the initial critical four hours, for signs of toxicity and death. The square root of the product of the lowest fatal dose and the maximum non-lethal dose—that is, the geometric mean of the successive doses for which survival rates of 0% and 100% were noted in the second phase—was then used to compute the LD50. Equation 1 was used to compute the dosage of oral median fatality.
 
LD50 = √Minimum toxic dose x Maximum tolerated dose  Equation 1.
 
The extract's in vivo anti-diabetic assessment 
Initial in vivo anti-diabetic effects of each of the extracts of Anogeissus leiocarpus root bark (MeAL - methonol extract of Anogeissus leiocarpus, EtAL - ethonol extract of Anogeissus leiocarpus, Et(T)AL - ethanol plus trona extract of Anogeissus leiocarpus) was carried out in rats so as to ascertain the veracity of earlier claims on the ethnomedicinal use of the plant in the management of diabetes mellitus.
 
 
 
Rats used in the experiment
For the experiment, 200 ± 10 g of clinically normal albino rats were prepared. A time of two weeks was given to the animals to get used to their new surroundings before the trial began. They were initially allowed free access to tap water and food. Before the animals were given diabetes, their body weights, water and food intake, urine volumes, and serum glucose levels were measured. They were kept apart in metabolic cages. Light and dark cycle was also maintained as stated ealier in the preceding section.  Five groups, each consisting of six rats, were created from the rats. At the University of Nigeria, Nsukka's Faculty of Pharmaceutical Sciences, the animal study complies with the ethics of using animals for research.
 
Diabetes mellitus induction
Before causing diabetic mellitus, the rats were starved for the entire night. Blood was drawn in order to measure the baseline level of glucose. A fresh alloxan monohydrate solution (Sigma, USA) was made right before the injection. Alloxan was dissolved in standard saline with 0.9% w/v NaCl at a dosage of 100 mg/kg to create a stock solution of alloxan monohydrate. After administering a volume equal to 1 milliliter of the stock solution intraperitoneally, blood sugar levels were monitored regularly for several days using a glucometer (ACCU-CHECK, Roche, USA). After three days of administering Alloxan®, diabetes was verified. 21–23 A blood glucose level of 200 mg/dl was deemed hyperglycemic.
 
Assessment of antidiabetic activity
We employed thirty albino rats, split up into five groups, each with six rats. Group I received 400 mg/kg of methanolic extract, Group II received 400 mg/kg of ethanolic extract, Group III received 400 mg/kg of ethanolic+trona extract, Group IV received 5 mg/kg of glibenclamide (GL), and Group VI received distilled water (2.0 ml/kg) based on the results of the LD50 determination. The rats with alloxan-induced diabetes were given 400 mg/kg of the extracts after they had been dissolved in 3% DMSO. The study was extended to the lipospheres formulations (PL - Plain or unloaded lipospheres, ND - no drug or negative control group that received no drug, and Anogeissus leiocarpus-loaded lipospheres containing 1, 2 and 3 % w/w of Anogeissus leiocarpus root bark methanol extract, (AL (1 %) or AL1, AL (2 %) or AL2, and AL (3 %) or AL3, respectively).
 
Establishment of spectral characteristics
Based on the results of the preliminary anti-diabetic studies, the methanol extract was chosen for formulation studies. The spectral characteristics was studied following a reported procedure 42. With distilled water, simulated intestinal fluid without enzyme (SIF), and simulated gastric fluid without enzyme (SGF) as solvents, the maximum wavelength of absorption of A. leiocarpus root bark methanol extract was determined. Freshly made SIF, SGF, distilled water, and ethanol were used to create stock solutions for the extract. To get diluted concentrations of the extract, tenfold dilutions of each stock solution were prepared. The spectrophotometer was calibrated using the solvents as a blank. Each diluted solution was then put into a quartz cuvette, and the spectral readings were taken using an automated UV/VIS spectrophotometer (JENWAY 6405, UK) that scanned the range of 200 to 700 nm. The wavelength of maximum absorption was recorded for each solvent.
 
Beer-Lambert plots
In order to calculate the Beer-Lambert's plot for A. leiocarpus, diluted extract solutions containing distilled water, SGF, and SIF at concentrations between 1 and 10% were prepared. The absorbance of each diluted solution was calculated using the predefined maximum absorption wavelength to see if Beer-Lambert's law was followed in terms of a linear connection between sample concentration and absorbance. Beer-Lambert’s plot was also established for pure sample of glibenclamide in relevant solvents.
 
Lipid matrix preparation
Using the previously described procedure,37 phospholipid at a concentration of 30% w/w of P90H in beeswax was combined with beeswax to create the lipid matrix. In a crucible, 30 g of P90H was precisely weighed, combined with 70 g of beeswax, and heated to approximately 70oC in a temperature-regulated steam bath (Memmert, England). After giving the molten lipid matrix a good shake to guarantee sufficient mixing, it was left to solidify at room temperature (30°C).
 
Formulation of unloaded lipospheres
The lipospheres were prepared using the high-shear homogenization technique.36 After carefully weighing 10 g of the lipid matrix, it was put in a 250 mL beaker and melted at 70 °C in a steam bath using a thermometer (Memmert, England). The molten lipid matrix was mixed with the aqueous phase of the surfactant, which was composed of 1.5% w/w Poloxamer® 188, 0.05 % w/w Soric acid, and enough distilled water to make 100% w/w at the identical temperature. The hot primary dispersion was created by dispersing the mixture using a homogenizer (Ultra-Turrax, T25 basic, Ika, Germany) at 5000 rpm for five minutes.
After that, it was gathered into a heated container and given time to recrystallize at ambient temperature. Table 1 shows the amounts of each excipient that was utilized.
 
Table 1: Formulation composition of the lipospheres
	Code
	Poloxamer®188
(% w/w)
	Lipid matrix (30% P90H in 70% Beeswax
(% w/w)
	Sorbic acid
(% w/w)
	Drug
(% w/w)
	Distilled water
(q.s. to % w/w)

	AL1
	1.5
	10
	0.05
	1
	100

	AL2
	1.5
	10
	0.05
	2
	100

	AL3
	1.5
	10
	0.05
	3
	100

	GL
	1.5
	10
	0.05
	1.6
	100

	PL
	1.5
	10
	0.05
	0
	100


Key: AL1, AL2 and AL3 are Anogeissus leiocarpus-loaded lipospheres containing increasing concentrations (1, 2 and 3 % w/w) of methanol root extract of Anogeissus leiocarpus; GL means glibenclamide-loaded lipospheres while PL stands for plain or unloaded lipospheres.
 
Preparation of drug loaded lipospheres
This was carried out using the method previously employed in developing herbal antidiabetic lipospheres.45 After carefully weighing 10 g of the lipid matrix, it was put in a 250 ml beaker and cooked on a steam bath until it melted. After adding one percent of the methanol extract from Anogeissus leiocarpus (AL), the melted lipid was well-mixed. Carefully weighed out, sorbic acid (0.05 % w/w) and poloxamer® 188 (1.5 % w/w) were dissolved in sufficient distilled water to form 100%. The molten lipid containing the dispersed AL methanol extract was combined with the solution at the same temperature. The mixture was homogenized for five minutes at 5000 rpm to create a hot primary dispersion, which was gathered and let to recrystallize at ambient temperature in a heated container. For AL methanol extract concentrations of 2% and 3% w/w, the same procedure was carried out twice. Using the same process, a batch of lipospheres loaded with glibenclamide was generated as the positive control. Table 1 displays the matching formulas for each ingredient as well as the batches used in the formulation.
 
 
Characterization of the lipospheres
Analysis of particle size and morphology
Within a week of manufacturing, the lipospheres were subjected to a particle size analysis utilizing a digital photomicroscope (Leica Germany) and Moticam camera (USB 1000, USA) to capture the photos. For capture and viewing under a microscope, a drop of each batch of lipospheres was positioned in-between a cover slip and a glass slide. Image analysis of the lipospheres was used to identify the sizes and shape of the particles. 
 
 
Time-resolved pH-dependent stability studies
The pH of the lipospheres was determined using a pH meter (Jenway, 3510 UK). Additionally, a time-dependent approach was used for this (72 hours, 2 weeks, and 4 weeks after preparation). For every measurement, replicates were made.
 
Determination of drug encapsulation efficiency
Anogeissus leiocarpus extract or glibenclamide-loaded lipospheres containing around 6 ml of each medication was centrifuged for 45 minutes at 1500 rpm in Gallenkamp, England. A UV/Vis spectrophotometer (Jenway 6405 UK) was used to properly examine the supernatant at preset wavelengths of 270 nm for glibenclamide and 290 nm for the extract of Anogeissus leiocarpus. Equation 2 was used to determine the encapsulation efficiency (EE) of each drug encapsulated in each liposphere formulation.
                 
 Equation 2.
 
Determination of loading capacity 
The loading capacity was ascertained using the same process that was utilized to ascertain the encapsulation efficiency. The third equation provides the loading capacity (DL). 
 
  
  Equation 3.
 
Studies on drug release  
The prepared liposphere was suspended in 250 ml of physiological fluids in a 10 mL volume inside a dialysis membrane with a hole size of 0.30 μm that was knotted at both ends. SIF (pH 6.8) was added to the receptor compartment and stirred with a magnetic stirrer bar at 50 rpm to keep the temperature constant at 37 ± 1 oC. The water bath was thermostatically controlled. Within eight hours, at intervals of 0.5, 1, 2, 3, 4, 5, 6, 7, and 8 hours, a 5 ml volume was withdrawn and replaced with an equal volume of the receptor phase (SIF). The drug content of the samples was determined using a spectrophotometer (Jenway 6405, UK) set to 270 nm. Additionally, the drug release assessment for glibenclamide and Anogeissus leiocarpus was carried out in SGF (pH 1.2) at 290 and 270 nm, respectively. Beer-Lambert's calibration was used to calculate the drug content at each time.
 
Drug release kinetics and mechanism
To investigate the kinetics and processes of release, the findings from the in vitro investigations were fitted into a number of release models. Equations 4–7, which describe the zero order, first order, Higuchi, and Korsenmeyer–Peppas models, respectively, were utilized.
 
Qt = K0t  Equation 4.
In Qt = In Q0 – k1 t  Equation 5.
Qt = KH.S √t                   Equation 6.
Mt/M∞ = Ktn  Equation 7.
 
Q0 represents the starting dose of medication in the lipospheres, and Q is the amount released at time t. The rate constants for the Huguchi rate equations, first order, and zero order are denoted by K0, K1, and KH, respectively. The drug release amounts are denoted by Mt and M∞, respectively, whereas t = ∞ represent an infinite time, the power law constant is represented by K. The diffusional exponent n represents the drug release mechanism. The fraction of drug released is therefore Mt/M∞. When n is less than 0.43, a Fickian diffusion (Case 1) occurs; when n is greater than 0.89, a non-Fickian transport occurs; and when n is greater than 0.89, a Case II transport, or zero order drug release mechanism, predominates.45
 
Statistical analysis
In order to ensure the validity of the statistical analysis, each experiment was run three times. The findings were presented as mean ± SD. The data sets created with the Statistical Package for Social Sciences (SPSS) version 16.0 underwent an ANOVA. p-values ≤ 0.05 were used to determine the significance of differences.
 
Results and Discussion
Anogeissus leiocarpus root bark phytochemical analyses
The phytochemical analysis result is shown in Table 2. There have been reports of hypoglycemic activity in plant elements such as alkaloids, flavonoids and related chemicals, glycosides, steroids, terpenoids, polysaccharides, and proteins.46 It has been shown that flavonoids can reduce the risk of diabetic complications by acting as insulin secretagogues or insulin mimetics on their own, most likely via affecting pleiotropic processes. Additionally, it has been discovered that they increase the absorption of glucose in peripheral tissues and control the expression and/or activity of the rate-limiting enzymes in the pathway involved in the metabolism of carbohydrates. Because of this, bio-flavonoids are currently seen to be important and promising natural compounds that can improve the available treatment choices for diabetics.47 Polyphenols have the potential to impact glycemia via many mechanisms, such as impeding the intestinal absorption of glucose or its assimilation by peripheral tissues. Moreover, saponins and tannic acid inhibit glucose transport mediated by S-glut-1. Furthermore, saponins postpone the passage of glucose from the stomach into the small intestine.48 By preventing glucose from moving from the stomach into the small intestine and by blocking glucose transport at the small intestine's brush boundary, glycosides demonstrate their hypoglycemic action.49 Given that A. leiocarpus ethanol, ethanol plus trona, and methanol root bark extracts include some of the above-mentioned phytoconstituents, it can be assumed that these phytoconstituents may be in charge of the plant extracts' antidiabetic effects.
 
Acute toxicity studies
No mortality was observed in mice after oral administration of the Anogeissus leiocarpus root bark ethanol extract, Anogeissus leiocarpus root bark ethanol plus trona extract as well as Anogeissus leiocarpus root bark methanol extract, even at doses as high as 5000 mg/kg signifying that the oral LD50 was greater than 5000 mg/kg for the two root bark extracts. The extracts did not produce any major clinical signs of toxicity in mice during a 4-day observation period. The result of acute toxicity test showed that Anogeissus leiocarpus root bark ethanol extract, Anogeissus leiocarpus root bark ethanol plus trona extract as well as Anogeissus leiocarpus root bark methanol extract each has a wide range of effective doses.
The absence of death following oral administration of each of the extracts at 5000 mg/kg b.wt. observed in the animals is indicative of no acute toxicity of each extract.44 Its extensive application in various ethnotherapeutic therapies may have been facilitated by this. The authors selected the dose for the initial antidiabetic and formulation tests based on the acute toxicity data, nevertheless.
 
 
 
 
 
Table 2: Phytochemical analyses of Anogeissus leiocarpus
 
	Constituents
	AL root bark ethanol extract
	AL root bark ethanol plus trona extract
	AL root bark methanol extract

	Flavonoids  
	+
	+
	+

	Alkaloids  
	+
	+
	+

	Saponins
	+
	+
	 

	Tannins
	-
	-
	+

	Resins
	+
	+
	+

	Reducing sugar
	+
	+
	+

	Glycosides
	+
	+
	+


Keys: (+) indicates presence, ( - ) Indicates absence, AL- Anogeissus leiocarpus
 
	 
 (a)

	 
 (b)

	 
 (c)


Figure 2: UV-Absorption spectrum of Anogessius leiocarpus root bark methanol extract in (a) water (pH 7.0), (b) SGF (pH 1.2) and (c) SIF (pH 6.8).
 
 
 
 
 
 
Spectral characterization studies
The absorption spectra of the methanol extract of Anogeissus leiocarpus root bark in water (pH 7.0), SIF (pH 6.8), and SGF (pH 1.2) are displayed in Figures 2 (a–c). In the release investigations of the extract-drug-loaded lipospheres, the maximum wavelength of absorption (λmax) was utilized as a marker to ascertain the presence and content of the methanol plant extract. 
 
pH measurements
Because it helps the formulation scientist choose the right ingredient and stabilizer for a given preparation, pH is a powerful predictor of the stability of pharmaceutical goods. The pH analysis would be used to evaluate the drug's shelf life as well as the excipients' characteristics of degradation. The results (Figure 3) showed that although the pH values measured after the lipospheres were prepared for 72 hours increased somewhat at the 2-week mark, they remained within the acidic range.
The sorbic acid employed as a preservative may be the cause of the formulations' minor pH increase during storage. The pKa of sorbic acid is 4.8, and its antibacterial activity is limited to its acid forms. As a result, acid values are where it is most active. Sorbic acid is susceptible to light and air, which could account for the rise in pH levels during the fourth week of storage. Stability may be increased by chilling or the addition of an antioxidant.  The plain lipospheres displayed a more stable pH with a negligible difference, while the glibenclamide-loaded lipospheres displayed a slight difference in pH that may have been caused by an interaction between the active pharmaceutical ingredient (API) and the formulation's excipients.
 
Particle size and morphological analyses
The particle size distribution of the lipospheres is presented in Table 3, while the morphological features of the lipospheres are depicted in Figure 4. The extract-loaded lipospheres had a mean particle size distribution of 135.00 ± 1.58 μm to 195.00 ± 2.24 μm, and the unloaded lipospheres had a mean particle size of 111.00 ± 3.18 μm. The lipospheres were spherical. As the amount of extract used in the formulation increased, a rise in particle size was noted. The average particle size of the 1% AL lipospheres was 135.00 ± 1.58 μm, the 2% AL lipospheres were 165.00 ± 23.67 μm, and the 3% AL lipospheres were 195.00 ± 2.24 μm on average. The average particle size of the glibenclamide-containing lipospheres, which served as the control, was 160.00 ± 21.08 μm.
All of the lipospheres' diameters fell between micrometers. Because of the increased viscosity of the dispersion created by the amount of lipid employed in preparation,38 the average size of the particles increased as the fat to phospholipid molar ratio rose. This suggests that the particle size was affected by the amount of lipid and phospholipid included in the formulation. Particle size characteristics of lipospheres are significant because they impact the drug formulation's pharmacological, chemical, and physical properties, including pharmacokinetics, drug release from the matrix, and liposphere flow. The syringeability of lipospheres for parenteral delivery is similarly influenced by particle size.35 The way topical treatments are absorbed via the skin is also influenced by particle size. The pace at which the medication is absorbed from the digestive system and the matrix 
are influenced by the particle size in this formulation, which was designed for oral delivery. 
 
Entrapment efficiency
Figure 5 displays the entrapment efficiency values of glibenclamide lipospheres (control) and methanol extract from the root bark of Anogeissus leiocarpus. The outcome demonstrates that the entrapment efficiencies of the lipospheres encapsulated with Anogeissus leiocarpus extract at concentrations of 1, 2, and 3%w/w were 22.53, 43.88, and 46.56%, respectively. This demonstrates that the amount of medication entrapped increases with the addition of AL extract. It is noticeable, nonetheless, that the entrapment efficiency has only increased by 3% from 2% to 3%, whilst the EE% has decreased from 1% to 2%.
The EE% results show that the medication that is entrapped increases with the amount of AL extract supplied. Increases in A. leiocarpus extract exceeding 3% in the liposphere formulation process led to instability and phase separation of the lipospheres, which may have been caused by system saturation, which can also result in separation of the drug melt and lipid melt.35 This could be explained by the fact that the chemical and physical structure of the solid lipid matrix, the drug's solubility in melted lipid, and the drug's loading capacity in lipid carriers all affect these factors.50 The preparation method, the drug's physicochemical characteristics, and the formulation variables all affect this parameter.51 Furthermore, instability in the dispersions may also result from insufficient concentration of the stabilizers such as surfactants or a breakdown in its chemical structure and by extension its function.
 
In vitro drug release
The drug release profiles are displayed in Figures 6(a & b). The outcome demonstrates a moderate release of the drug that was entrapped in SGF and a highly significant in vitro release in SIF up to 100%. In the first 30 to 60 minutes of the release experiments, a burst effect was seen in both the SIF and SGF. The drug release profile in SIF demonstrated a burst effect at first, followed by a continuous release of the API to 100% for AL (1 %w/w). The initial burst effect and the extended release of the API (Anogeissus leiocarpus root bark methanol extract) were likewise observed in the release profiles of AL (2 %w/w) and AL (3 %w/w).
In SIF media, glibenclamide lipospheres exhibited the similar trend. The kind of the dissolving media affected the drug release from the lipospheres. The drug release in SIF was 100% but in SGF it was less than 50%, indicating this. The release profile of the extract-loaded lipospheres in AL (3%), however, showed plateaus and spikes.
 
Table 3: Mean particle size of the lipospheres.
 
	Sample
	Mean particle size (μm)

	AL1
	135.00 ±  1.58

	AL2
	165.00 ± 23.67

	AL3
	195.00 ± 2.24

	GL
	160.00 ± 21.08

	PL
	111.00 ± 3.18


Keys: AL1 refers to 1% w/w of Anogeissus leiocarpus root bark methanol extract, AL2 refers to 2 % w/w, AL3 refers to 3% w/w, GL refers to glibenclamide 1.6% w/w and PL refers to unloaded lipospheres
 
 
 
Figure 3: pH analyses of drug-loaded and unloaded lipospheres.
Keys: AL 1 refers to 1% w/w of Anogeissus leiocarpus root bark methanol extract, AL 2 to 2 % w/w, AL 3 to 3% w/w, GL to glibenclamide 1.6% w/w and PL to unloaded lipospheres.
 
In order to forecast the release of the extract or medication from the lipospheres in the gastrointestinal tract or lumen, the release profiles of the prepared A. leiocarpus methanol extract and glibenclamide lipospheres were assessed in SGF (pH 1.2) and SIF (pH 6.8) as release media. One possible explanation for the initial burst release is either the drug's rapid release from the surface or the direct exposure of the lipid matrix to the media.52 The drug's therapeutic plasma concentration may be reached quickly with the help of the observed initial release, and the plasma concentration may be maintained for a longer amount of time after that. This aligns with the established benefits of lipospheres as a medication delivery technology with extended release.30 The kind of dissolving medium affected the extract's release from the lipospheres, but it was not capacity-limited. This implies that the drug's release from the prepared lipospheres is facilitated by an alkaline environment. This might be explained by the drug accumulation in the dissolving solvent over time. Batch AL (3%) showed peaks and plateaus, which suggest that the drug release did not follow a regulated release profile.
 
Drug release kinetics and mechanism
The in vitro drug release study's outcomes were fitted into a number of kinetic equations, including Korsenmeyer-Peppas (log of cumulative percent drug released versus log time), Higuchi (cumulative percent released versus √t), and first order (log cumulative percent drug retained versus time). Table 4 presents the kinetic parameters. A comparison analysis of the R2 in SGF (as indicated in Table 4) reveals that the release profile mostly adhered to Higuchi's model, while in SIF the release adhered to both Higuchi and Korsenmeyer-Peppas models.
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Figure 4: Photomicrograph of extract loaded lipospheres containing 1 % (AL1), 2 % (AL2) and 3 % (AL3) of Anogessius leiocarpus; plain or unloaded lipospheres (PL) and glibenclamide-loaded lipospheres (GL) (Mag x 100).
 
Regression coefficient (R2) values from the plots of different models were compared to determine which kinetic model best fit the drug release data. The release exponent, or "n" value, which indicates the mechanism of release, and the kinetic constant, or "K," which takes into account the geometric and structural properties of the release device, are used in the Peppas (Fickian diffusion) model to define drug release processes. Zero-order release kinetics (Case-II transport) are indicated by a "n" value of 1.0; an anomalous (non-Fickian) diffusion release model is indicated by a value of 0.48 < n < 1; Fickian diffusion is indicated by a value of 0.48, and a super case II transport release is indicated by a value of n > 1.0.45
The method of drug release in SGF is diffusion, wherein the dissolving fluid penetrates the shell, dissolves the core, and seeps out through the interstitial channels or pores. The entire release was determined by the speed at which the drug dissolved in the dissolution medium, the speed at which the dissolved drug leaked out and dispersed from the surface, and the speed at which the dissolution fluid penetrated the liposphere wall.53 The values of the release exponent, n, varied from 0.1 to 0.37, with n ≤ 0.48, according to the examination of the release profile in SIF. This implies that the release of drug-loaded lipospheres (AL 1%, AL 2%, AL 3%, and GL) was significantly influenced by Fickian diffusion. Drug release by diffusion is one of the processes of drug release from the extract or drug-loaded lipospheres, according to examination of the release profile, which also shows that the Korsenmeyer-Peppas model was also followed. 
 
Assessment of antidiabetic activity
The results of the first antidiabetic evaluation of the methanol (MeAL), ethanol (EtAL), and ethanol plus trona [Et(T)AL] extracts from the root bark of Anogeissus leiocarpus are displayed in Figure 7(a). Their effect on the blood glucose levels of diabetic albino rats was assessed during a 24-hour period. Their effect on the blood glucose levels of diabetic rats was assessed during a 24-hour period. All extracts showed a maximum drop in blood glucose up to the 12th hour, while the Et(T)AL and EtAL extracts showed an increase in blood glucose after that. In comparison to EtAL root extract, which provided a 65% decrease in the preliminary blood glucose level, 25% for Et(T)AL, 62.4% for MeAL, and 80% for glibenclamide, GL, diabetic albino rats' preliminary blood glucose levels were reduced over the course of 24 hours by MeAL extract and glibenclamide. The complete set of drug-loaded lipospheres showed a significant (p < 0.05) decrease in blood glucose levels (Figure 7(b), which was dose and treatment time related. The findings showed that the groups receiving lipospheres containing 1, 2, and 3 mg% of AL root bark methanol extract, respectively, experienced a reduction in blood glucose levels of around 34.5, 56.5, and 62.9% percentage at 8 hours after the formulations containing AL were administered. At two hours, batch AL(3%) formulation showed a substantial (p<0.05) anti-hyperglycemic impact that was equivalent to the antihyperglycemic effect of glibenclamide, the standard medication. Unloaded lipospheres preparation (PL) (serving as negative control) showed a general increase in the blood glucose level.
The extracts' effectiveness was assessed by calculating the percentage decrease in initial glycemia. The initial glucose level, or mean blood glucose baseline, was used as the 100% level, with subsequent levels being determined by the initial basal blood glucose level. The lipospheres were formulated using methanol root bark extract (MeAL), which demonstrated a prolonged decrease of the diabetic rats' initial blood glucose levels comparable to that of glibenclamide (positive control). Anogeisus leiocarpus root bark extract was used to make the lipospheres, and their efficacy was evaluated by measuring how well they were able to lower blood glucose levels in diabetic rats that had been given alloxan.24 
The amount of the herbal medication released from the lipospheres delivery system and absorbed into the systemic circulation was demonstrated by the percentage reduction of the initial glucose level,45 which in turn caused the blood glucose to drop. Overall, the doses utilized in this investigation were based on the weight of the animals, and the oral administration of conventional glibenclamide and normal saline (or unloaded lipospheres) served as positive and negative controls, respectively. 
 
 
Figure 5: Entrapment efficiency of the drug-loaded lipospheres.
Keys: AL1 refers to 1 % w/w of Anogeissus leiocarpus root bark methanol extract, AL2 to 2 % w/w, AL3 to 3 % w/w, and GL to glibenclamide 1.6% w/w lipospheres.
 
Table 4: Kinetics of drug release from the lipospheres in SGF and SIF
 
	Sample
  
	Media
	Zero order
	First order
	Higuchi
	Korsenmeyer-Peppas
	n

	 
	R2
	R2
	R2
	R2

	AL1  
	 
	0.6449
	0.3251
	0.5888
	0.4000
	0.3

	AL2
	SGF
	0.4002
	0.3875
	0.6912
	0.2000
	-0.28

	AL3
	 
	0.7500
	0.6495
	0.9030
	0.0400
	-0.15

	GL
	 
	0.8395
	0.7193
	0.9464
	0.2120
	-0.03

	AL1  
	 
	0.1185
	0.6130
	0.9336
	0.9336
	0.16

	AL2
	SIF
	-0.069
	0.5383
	0.8847
	0.7889
	0.15

	AL3
	 
	0.2860
	0.5013
	0.78889
	0.9018
	0.10

	GL
	 
	0.5388
	0.8091
	0.8461
	0.8461
	0.37


Keys: AL1 refers to 1 % w/w of Anogeissus leiocarpus root bark methanol extract, AL2 to 2 % w/w, AL3 to 3 % w/w, and GL to glibenclamide 1.6% w/w lipospheres
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Figure 6: In vitro drug release profiles of the loaded lipospheres in (a) SIF (pH 6.8) and (b) SGF (pH 1.2).
Keys: AL1 refers to 1 % w/w of Anogeissus leiocarpus root bark methanol extract, AL2 to 2 % w/w, AL3 to 3 % w/w, and GL to glibenclamide 1.6 % w/w lipospheres.
 
The results show that all of the formulations with AL loaded significantly lower blood glucose. Stated differently, different batches of AL-loaded lipospheres successfully reduced the rats' fasting blood glucose levels. The formulations demonstrated varied degrees of blood glucose decrease, however there was an initial increase in the first hour following batch AL (2%) treatment. This increase may have been caused by the animals receiving the batch being under stress during the liposphere administration.11 In other animal groups that got different samples, this early increase may have been concealed by a more effective drop in blood glucose levels. The data also show that, with the exception of batch AL (2%) the glucose decrease effect occurred quickly, between 0.5 and 1 hour following oral administration of the formulations. This action's potential cause could have something to do with the drug or bioactives that were trapped and released early, adhering to the lipospheres' surface through the burst effect. Furthermore, the unloaded formulation and NS-treated groups did not show any evidence of a glucose-lowering impact; on the contrary, their blood glucose levels remained elevated for the duration of the trial. This is because neither the loaded lipospheres nor the NS contain any medication or bioactive. This suggests that the antidiabetic principle was actually released by the extracts, the standard drug, and the AL-loaded lipospheres. This suggests that the release of the antidiabetic principle from the extract, pure drug, or formulation stimulated the production of insulin from the Langerhans islet cells, which is why the animal groups that received these samples showed an observed reduction in glucose levels. Given the many side effects associated with glibenclamide, such as potentially fatal hypoglycemia, kidney damage, cholestatic jaundice, agranulocytosis, aplastic anemia, hemolytic anemia, gastrointestinal symptoms, and allergic skin reactions, among others2, methanol extract-loaded lipospheres derived from the root bark of Anogeissus leiocarpus are a superior choice for the treatment of diabetic mellitus due to their similar anti-hyperglycemic activity. Additionally, the primary cause of the anti-hyperglycemic actions seen in this investigation is the samples' stability in the stomach's acidic environment.54 It is noteworthy that the evaluation of the antidiabetic properties of the root bark of this plant, as well as the formulation of its lipospheres, was prompted by the global socio-economic and health implications of this serious disease (diabetes), in addition to the possibility of using various parts of ethnomedical plants, like AL, in the treatment of diabetes. The study's findings supported the ethnomedical claim that the root bark of AL has antidiabetic potential. They also showed that the integrity and antidiabetic qualities of the extract were preserved during the creation of lipid-based formulations like lipospheres, which encouraged the formulation's continued development. Previous studies have shown that lipid-based excipients can influence oral absorption via various physiological effects, such as retarded gastric emptying,43 stimulating bile flow and secretion of pancreatic juice, increasing the membrane lipid fluidity or acting directly onto enterocytes-based drug transport and disposition,55 and one or more of these could account for the mechanism of the anti-hyperglycemic effect of AL in this study. A recent study also suggested that the release of the herbal antidiabetic drug from a lipospheres delivery system stimulated the production of insulin from islets cells of Langerhans.45 
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Figure 7: Percentage reduction of initial blood glucose level of diabetic albino rats treated with (a) Anogeissus leiocarpus extracts and (b) drug-loaded lipospheres.
Keys: EtAL represents ethanol Anogeissus leiocarpus extract; Et (T)AL, ethanol plus trona A. leiocarpus extract, MeAL, methanol A. leiocarpus extract; G(P), glibencalmide; ND, no drug); AL1 refers to 1 % w/w of Anogeissus leiocarpus root bark methanol extract, AL2 to 2 % w/w, AL3 to 3 % w/w, GL to glibenclamide 1.6% w/w and PL to unloaded lipospheres.
 
Conclusion
When it comes to improving the bioavailability and efficacy of poorly water-soluble medications, lipospheres offer a potentially effective lipid-based carrier system. In this work, the root bark of Anogeissus leiocarpus, which has historically been used to treat diabetic mellitus, was formulated into lipospheres, a novel drug delivery system, for better management of diabetes mellitus. Different extracts of the plant’s root bark were scrutinized pharmacologically in order to substantiate the veracity of ethnomedical claim of their antidiabetic potentials. The methanol extract was further developed into lipospheres, a novel drug delivery system that has demonstrated great capability to improve bioavailability and efficacy of various drugs and bioactives, based on positive results obtained with the preliminary anti-hyperglycemic evaluation. This was done in order to assess the effect of using this novel carrier on the antidiabetic efficacy of this plant extract. The lipospheres were characterized after being created using 30% w/w of beeswax in 70% w/w of Phospholipon® 90H as the lipid foundation. The results indicated the production of stable, primarily spherical lipospheres with good physicochemical properties. Diffusion and dissolution were the main processes of API release, according to drug release and kinetics. Pharmacodynamic assessment of the antidiabetic impact in rats demonstrated a noteworthy decrease in blood glucose levels, akin to the outcome achieved with glibenclamide. Considering the side effects associated with conventional antidiabetics, including glibenclamide, AL-loaded lipospheres formulation developed in this study portends safer and cheaper alternative for the management of diabetes mellitus. Thus, this study has demonstrated that, in order to enhance the therapeutic benefits of drugs, plant materials with low hydrophilicity can be formed into lipospheres as a drug delivery vehicle.
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