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Abstract 

Diabetes mellitus is a heterogeneous group of disorders characterized by hyperglycemia due to an absolute or relative deficit in 

insulin production or action. Many plant species have been screened for their pharmacological properties in the treatment of 

diabetes mellitus. Cordia africana is a traditional medicinal plant used to treat various health problems. The objective of this 

study is to evaluate the effect of hydromethanolic leaf extract of Cordia africana (Wanza) on blood glucose levels, serum 

electrolytes, and α-amylase inhibitory activities in Streptozotocin-induced diabetic mice. The method used is an experimental 

study conducted on streptozotocin-induced diabetic male mice. The mice were organized into 6 groups, each having five 

members: normal mice (negative control), diabetics treated with distilled water (positive control), diabetics treated with 

glibenclamide (standard control), and the other three groups were diabetic mice treated with different doses of leaf extract. Their 

fasting blood sugar was measured on the 0th, 7th, and 14th days of the experiment. Serum electrolytes (Na+, K+, Cl−, and Ca2+) 

had also been determined on the 14th day of the experiment. The antioxidant properties and in vitro α-Amylase inhibitory actions 

of the extract had also been evaluated. The acute toxicity profile of the extract was assessed in 5 randomly selected female mice. 

The results of the study revealed that the hydromethanolic leaf extract of Cordia africana has a significant blood glucose-lowering 

effect. On the 7th and 14th day, the mean blood glucose levels of diabetic mice treated with 5mg glibenclamide, 200 mg/kg, and 

400 mg/kg extract significantly diminished. Deranged serum electrolytes (Na+, K+, Cl−, and Ca2+) and reduced body weight were 

significantly improved at both doses of the extract, as well as in 5mg glibenclamide-treated mice. Besides, good antioxidant and 

α-amylase inhibitory activity were obtained from the in vitro lab tests. In conclusion, the results of this study exhibited that the 

hydromethanolic leaf extract of Cordia africana remarkably reduces blood sugar and body weight in streptozotocin-induced 

diabetic mice. Likewise, it improves deranged serum electrolytes. The extract also inhibits α-amylase activities. 
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1. Introduction 

Diabetes mellitus (DM) is a heterogeneous group of disor-

ders characterized by hyperglycemia due to an absolute or rel-

ative deficit in insulin production or action [1]. 

Currently, it is one of the most prevalent metabolic disor-

ders that affects around 422 million people worldwide. Each 

year, 1.5 million deaths are directly attributed to diabetes [2]. 

In 2016, about 1.6 million deaths were caused by diabetes 

mellitus worldwide. It affected 19.8 million people in Africa 

in 2013, and mortality due to diabetes in the same year was 

over 0.5 million, of which 75% of deaths occurred in individ-

uals older than 60 years. The occurrence of diabetes in Africa 

is projected to rise to 41.5 million by the year 2035 [3]. 

In the pathogenesis of diabetes mellitus, oxidative stress 

plays a fundamental role. Oxidative stress is a phenomenon 

caused by an imbalance between the production and detoxifi-

cation of reactive oxygen species (ROS) and the accumulation 

of these reactive products in the cells [4]. 

Metabolic disorders generate reactive oxygen species (ROS) 

such as hydrogen peroxide and superoxide anions [5], leading 

to oxidative stress, which harmfully affects insulin activity [6] 

through several interacting pathways [7]. Their accumulation 

could deteriorate the function of β-cells of the pancreas, re-

sulting in the reduced release of insulin [8]. 

Diabetes Mellitus has many complications. Serum electro-

lyte disturbance is one of the complications of diabetes melli-

tus. These disturbances are particularly common in decom-

pensated DM, in the elderly, and in those with renal impair-

ment. Different factors in diabetes cause electrolyte disturb-

ance. Hyperglycemia increases serum osmolality, resulting in 

the movement of water and electrolytes out of the cells and 

subsequently results in a reduction of serum sodium levels 

([Na+]) by dilution [9]. Drug regimens for diabetes, such as 

loop diuretics and thiazides, may also be associated with elec-

trolyte disturbance. Diabetic ketoacidosis and its management 

also cause hypokalemia and hyponatremia [10]. 

For their survival, access to affordable treatment is crucial 

to those with diabetes [11]. Even though antidiabetic medi-

cines are present in the market, their affordability, accessibil-

ity, and side effects are a huge concern. Therefore, herbal 

drugs and preparations from natural plant sources with mini-

mal side effects have become the interest of the ethnobotanical 

community [12]. The phytochemical constituents derived 

from these medicinal plants, having anti-diabetic activity, are 

polysaccharides, alkaloids, peptidoglycan, guanidine, glyco-

sides, carbohydrates, galactomannan gum, terpenoids, hypo-

glycin, amino acids, glycopeptides, inorganic ions, and ster-

oids. These molecules can communicate with many metabolic 

cascades, which directly or indirectly affect the level of blood 

glucose in the human body [13]. 

Cordia africana is an early colonizer in the forest and is 

often found along forest margins [14, 15]. Its scientific classi-

fication is as follows: Kingdom: Plantae; Class: Angiosper-

mae; Subclass: Eudicots; Superorder: Asteridae; Order: Bo-

raginales; Family: Boraginaceae; Subfamily: Cordioideae; 

Genus: Cordia; Species: africana. Its scientific name is Cor-

dia africana [16]. The fruits are edible, and this plant has var-

ious important pharmacological properties, including antioxi-

dant, cytotoxicity, anti-inflammatory, antihelmintic, antimi-

crobial, antinociceptive, and others [17]. Other species of Cor-

dia have been found to have anti-diabetic effects. This study 

aimed to evaluate the effect of the leaf extract of Cordia afri-

cana on diabetes mellitus and serum electrolytes in strepto-

zotocin-induced diabetic mice and its in vitro α-amylase in-

hibitory and antioxidant effects. 

2. Methods and Materials 

2.1. Study Design, Study Area, Study Period, 

Drugs, Reagents, and Instruments 

The laboratory-based experimental study was conducted on 

Swiss albino mice from May to September 2022 at the Uni-

versity of Gondar's Biochemistry, Pharmacology, and Molec-

ular Biotechnology laboratories. 

To conduct this study, different types of drugs, reagents, 

and instruments were used. These were: glibenclamide (Sanof 

Aventis, USA), streptozotocin and DNSA (Sisco Research 

Laboratories Pvt. Ltd, India), 3,5-dinitrosalicylic acid, starch, 

pellet, sodium chloride, sodium hydroxide, potassium sodium 

tartrate tetra hydrate, disodium hydrogen phosphate and so-

dium dihydrogen phosphate (BDH Laboratory Supplies Ltd, 

England), DPPH (Sigma Aldrich, Germany), citric acid (Lab 

tech chemicals, India), ascorbic acid (Lab tech chemicals, In-

dia), 5% glucose solution (Munchen, Germany), methanol ab-

solute (Nice Chemical, India), alpha amylase (Blulux Labora-

tories Pvt. Ltd., Faridaban, India), acarbose (Bayer, Germany), 

rotary evaporator (Yamato, Japan), lyophilizer (Labfreez, 

China), refrigerator, oven (MeditMedizin Technik Germany), 

deep freezer (Labfreez instrument group, Germany), careSens 

glucometer (Seochu/gu,seoul 06646/Koria) and strips, pH me-

ter (Bante Instruments, UK), electrical mill, volumetric flask, 

spectrophotometer (Agilent Technologies, malaysia, Jenway 

medel 6500), desiccator, glove, Whitman filter paper No. 1, 

gavage, polypropylene cages, and digital analytical balance 

(EPH-400 Abron Exports). 

2.2. Plant Collection, Authentication, and 

Preparation of Plant Extract 

The fresh leaves of Cordia africana were collected from 

Gondar town, Ethiopia, which is located 750 km away from 

Addis Ababa at a latitude of 12° 36' 10.8648'' N, a longitude 
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of 37° 27' 7.6752'' E, at an elevation of 2110.74 meters 

(6925.0 feet) above sea level. The botanical identification 

and authentication of the plant materials were performed at 

the University of Gondar, Biology Department, by Dr. Get-

inet Masresha with specimen number 01/AN/2022 and de-

posited in the Herbarium, University of Gondar, Gondar, 

Ethiopia. 

Firstly, the sample leaves were visually examined for any 

kind of distortion, discoloration, spores, or damage. Leaves 

were meticulously washed with distilled water to get rid of 

dust. Then, dried at 25°C in the shade with optimum venti-

lation. The dried plant material was turned into powder by 

the electrical mill. Then, the coarse powdered plant materials 

had been macerated in 80% methanol for 72 hrs, and then the 

extracts were filtered by using Whitman filter paper No. 1. 

The marc had been re-macerated two times with fresh sol-

vent, for 72 hrs. The filtrates obtained from the successive 

maceration were concentrated under reduced pressure using 

a rotary evaporator [18]. The semi-dried residues are taken 

into the deep freezer and frozen. Then, dried out utilizing a 

lyophilizer to eliminate the solvent residue. The dried leaf 

extracts were kept in a refrigerator at 4°C until further ex-

periments [19, 20]. 

2.3. Selection, Preparation of Experimental 

Animals, Grouping, and Dosing of Animals 

Although diabetes affects both sexes, many basic science 

studies on STZ-induced diabetes prefer using male mice [21]. 

From the Ethiopian Public Health Institute, Addis Ababa, 

Ethiopia, healthy male Swiss albino mice aged from 6 to 10 

weeks and weighing 25 to 35 g were purchased. The animals 

were kept in polypropylene cages, maintained under standard 

conditions (12 hours’ light and 12 hours’ dark cycle). They 

were fed a standard commercial pellet diet and water ad libi-

tum [22]. Animals had been acclimatized to the laboratory 

conditions for a week before the start of the experiment. Ani-

mal handling and care were taken throughout the experiment 

according to international laboratory animal use and care 

guidelines [23]. 

The grouping was random in the diabetic mice model. It 

was divided into six groups. Each group has five members. 

Normal mice given (0.5 mL/kg body weight) of distilled 

water = Group I: Negative control. 

Diabetic mice given (0.5 mL/kg body weight) of distilled 

water = Groups II: Positive control. 

Diabetic mice treated with standard medication, 

Glibenclamide (5 mg/kg of body weight) for two weeks orally 

= Group III: Standard control. 

Diabetic mice treated with three different doses (100, 200, 

400 mg/kg body weight) of the extract of Cordia africana for 

two weeks orally, respectively = Groups IV, V, and VI. 

According to the OECD guideline, the doses of the ex-

tract to be administered were known from the acute toxicity 

study. 

The lower dose was calculated as half of the middle dose, 

the middle dose was taken as one-tenth of the limit dose, and 

the higher dose was twice the middle dose. A volume of 1 

mL/100 g of body weight of the mouse was given orally. 

Glibenclamide (5 mg/kg) was set as a standard drug in the 

study [24]. For fourteen days, once a day, the distilled water, 

the standard drug, and each dose of the extract were given to 

the mice. Before giving all these, the fasting body weight and 

blood glucose level were measured as a baseline. 

2.4. Blood Sample Collection and Measuring 

Blood Glucose Level 

Fasting blood glucose measurement was conducted on days 

0, 7th, and 14th by taking a drop of blood samples from the tail 

of the overnight (12-15) hrs fasted mice. It was measured with 

a CareSens glucometer, which applies a glucose oxidase 

method for the analysis of whole blood glucose. It is specific 

for β-D-glucose measurement. There is the enzyme glucose 

oxidase, which triggers the oxidation of glucose in the blood 

in the zone of reaction. The intensity of formed electrons 

measured by the meter relates well to the concentration of glu-

cose in the blood sample. Results are conveyed in mg/100 mL 

of blood. 

2.5. Assessment of Serum Electrolytes (Na+, K+, 

Cl−, and Ca2+) 

At the end of the experiment, the influence of the hydro-

methanolic leaf extract of C. africana on serum electrolytes 

was evaluated. On the 15th day, animals were anesthetized 

with diethyl ether, after fasting overnight, and 1.5 mL of blood 

was collected through cardiac puncture using a sterile 3 mL 

syringe. The blood sample was poured into a serum separator 

tube (SST) and left to clot at 25°C for 30 min immediately 

following collection. For 15 min, the clotted blood sample was 

centrifuged at 2000 rpm. Finally, it was stored in a deep 

freezer at -20°C until the analyses were performed. Then, it 

was transferred to an international Clinical Laboratory by cold 

chain to analyze serum electrolytes Na+, K+, Cl−, and Ca2+ [25, 

26]. 

2.6. Induction of Experimental Diabetes 

All groups of male mice were fasted overnight. The body 

weight was measured. Then, the streptozotocin solution at a 

dose of 150 mg/kg liquefied in 0.1 M citrate buffer, pH 4.5, 

was injected via the intraperitoneal route for all groups except 

the negative control group. 5% glucose was given to those 

mice after 6 hours of the streptozotocin solution administra-

tion to avoid death secondary to hypoglycemic shock. 72 hrs 

later, the mice had been screened for diabetes mellitus. Mice 

having >200 mg/dL blood glucose levels were incorporated in 

the investigation [27]. 
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2.7. Qualitative Phytochemical Analysis and 

Acute Toxicity Study 

Phytochemical screening tests were conducted on the 

hydromethanolic extracts of C. africana leaves using 

standard procedures to identify the presence of secondary 

metabolites such as flavonoids, saponins, tannins, alka-

loids, phenols, steroids, glycosides, terpenoids, and an-

thraquinones. 

An acute toxicity test was carried out for the leaf extract of 

Cordia africana. This test was conducted in accordance with 

the limit test standard of the Organization for Economic Co-

operation and Development (OECD) Guideline 423 [28]. 

From the five selected female Swiss albino mice for the oral 

toxicity test, one mouse was selected randomly and housed 

separately. On the first day of the test, the mouse was fasted 

for 4 hrs. A 2000 mg/kg body weight extract was administered 

orally via oral gavage and observed for physical or behavioral 

changes. Signs of gross behavioral and physical toxicities, 

such as changes in the skin, urination, lacrimation, reduction 

in feeding activity, excitation, paw licking, increased respira-

tory rate, diarrhea, and paralysis, were observed for the first 2 

hours and in 2-hour intervals for 6 hours. Finally, a survivor 

was noted after 24 hours. Based on the results obtained in the 

first mouse, the remaining four mice were challenged with 

2000 mg/kg, and were observed strictly in the same manner. 

For any signs of toxicity, the observation continued for 2 

weeks. 

2.8. In vitro α-Amylase Inhibitory Assay 

The assessment of α-amylase inhibitory activity of hydro-

methanolic leaf extract of C. africana was performed using 

the 3,5-dinitrosalicylic acid (DNSA) method [29] with a slight 

modification. The hydromethanolic leaf extract of C. africana 

was first dissolved in buffer prepared with NaCl (0.006M), 

Na2HPO4/NaH2PO4 (0.02M), at PH 6.9, and concentration 

ranging from 10 to 160 μg/mL by serial dilution. Equally, a 

positive standard drug, acarbose solution with an analogous 

concentration, was prepared. 

200 μL of α-amylase solution, 200 μL of individual extract, 

and acarbose were combined. The mix was incubated at 30°C 

for 10 min. Each tube was then filled with 200 μL of a 1% 

starch solution in water (w/v). 200 μL of DNSA reagent was 

added after 3 min to discontinue the reaction. 12 g of sodium 

potassium tartrate tetra-hydrate were combined with 8.0 mL 

of 2 M NaOH and 20 mL of a 96 mM solution of 3,5-di-

nitrosalicylic acid to create the DNSA reagent. Then, all of the 

previously added solutions were boiled for 10 min in a water 

bath at 85°C. 

After cooling to room temperature, the liquid was diluted 

with 5 mL of distilled water. The absorbance was then meas-

ured at 540 nm using a Jenway model 6500 UV-visible spec-

trophotometer. In a different test tube, 200 μL of buffer was 

added in place of the plant extract to offer a blank sample with 

100% enzyme activity. In the absence of the enzyme, a blank 

reagent solution was made using the same method as de-

scribed earlier. The IC50 values for extract and standard were 

calculated using the following equation, once the percentage 

α-amylase inhibition was plotted against the extract and acar-

bose concentration. 

% α amylase inhibition = (Ac−Acb)−(As−Asb)

Ac−Acb
 × 100  

Where Ac represents the absorbance of the control (enzyme 

and buffer); 

Acb represents the absorbance of the control blank (buffer 

without enzyme); 

As represents the absorbance of the sample (enzyme and 

inhibitor), and 

Asb represents the absorbance of the sample blank (inhibi-

tor without enzyme). 

2.9. Determination of in Vitro Antioxidant 

Assays 

The DPPH assay was used to evaluate the free radical scav-

enging activity of the hydromethanolic leaf extract of C. afri-

cana. 

The plant extract was dissolved in methanol. Various con-

centrations (50 g/mL, 100 g/mL, 150 g/mL, 200 g/mL, 250 

g/mL, and 300 g/mL) of the plant extract and ascorbic acid 

(standard reference) were prepared. From each of these prep-

arations, 1.0 mL was added to 4.0 mL of methanolic solution 

containing 0.1 mM of DPPH radicals. The combination was 

shaken vigorously and left in the dark for 30 min. Color 

change was observed, and the absorbance was measured at 

517 nm using a UV spectrophotometer. As a control, ascorbic 

acid was used. 

The antioxidant activity of the plant extract was calculated 

as% inhibition of DPPH radical absorbance activity using the 

formula below: 

% inhibition of DPPH = Ab control−Ab sample

Ab control
 × 100  

Ab control = is the absorbance of DPPH radical in methanol; 

Ab sample = is the absorbance of DPPH radical + sample 

extract or standard in methanol. 

2.10. Data Analysis and Ethical Consideration 

The data obtained from the experiments were entered into 

Epi-Data version 4.6 and exported to SPSS version 26.0 soft-

ware for further analysis. Statistical analysis was carried out 

using the Independent Sample T–test and one-way ANOVA, 

followed by Tukey’s post hoc test to compare the levels of 

significance between the control and experimental groups. 

The result obtained from each group was expressed based on 

mean ± standard deviation. Finally, the values of p ≤ 0.05 were 

considered significant. 
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Formal ethical approval was obtained from the School of 

Medicine Ethical Review Committee, College of Medicine 

and Health Sciences, University of Gondar, with protocol 

number: SOM/1797/2022, and a supportive letter from the 

Department of Biochemistry. 

 

3. Results 

3.1. Percent Yield of CALE 

In preparation of crude hydromethanolic leaf extract of C. 

africana from 600 g coarse powder leaves, 12.5% (75 g) of 

yield was obtained. 

Percentage yield = 
Weight of crude extract

Weight of starting plant powder
× 100% =

75g

600g
× 100% = 12.5%  

3.2. Phytochemical Screening 

The hydromethanolic leaf extract of C. africana was analyzed for the presence of various phytochemical constituents, and the 

results are summarized in Table 1. 

Table 1. Results of preliminary phytochemical analysis of the crude extract of C. Africana. 

No Secondary metabolite Tests performed Result 

1 Terpenoids Salkowske test + 

2 Polyphenols FeCl3 ++ 

3 Saponins Foam test ++ 

4 Anthraquinones Born Trager's test + 

5 Flavonoids Shinoda test ++ 

6 Tannins FeCl3 test - 

7 Alkaloids Wagner test ++ 

8 Glycosides Keller Kilian test + 

9 Steroid Salkowske test + 

++ = strongly positive, 

+ = indicates positive, 

- = negative 

3.3. Acute Toxicity Study 

Physical and behavioral observations of the experimental 

mice revealed that there was no visible sign of toxicity at a 

dose of 2000 g/Kg. Also, there was no death of mice in the 14-

day follow-up period. This indicates that the Median Lethal 

Dose (LD50) of the hydromethanolic leaves extract of C. afri-

cana is greater than 2000 g/Kg. 

3.4. Effect of CALE on Fasting Blood Glucose 

Level in Diabetic Mice 

The effect of different doses of hydromethanolic extract of C. 

africana on the fasting blood glucose level in diabetic mice was 

evaluated. After 72-hrs administration of 150 mg/Kg STZ, the 

fasting blood glucose level of the mice was increased. In dia-

betic mice, treated with 200 mg/Kg and 400 mg/Kg hydrometh-

anolic leaves extract of C. africana and 5mg/Kg Glibenclamide, 

the fasting blood glucose level significantly reduced on the 7th 

and 14th day of treatment as compared to diabetic control mice. 

The extraction at a dose of 200 mg/Kg produced a reduction of 

21.93% and 37.64% in the fasting blood glucose level of dia-

betic mice on the 7th and 14th day, respectively. Whereas, a dose 

of 400 mg/Kg resulted in 24.13% and 38.67% reduction of fast-

ing blood glucose on day 7th and 14th, respectively. Treatment 

with Glibenclamide at a dose of 5 mg/kg resulted in 25% on the 

7th day and 41.5% on the 14th day, which was the maximum fall 

in fasting blood glucose level. The results are summarized in 

Table 2. 

 

http://www.sciencepg.com/journal/ajlm


American Journal of Laboratory Medicine http://www.sciencepg.com/journal/ajlm 

 

56 

Table 2. Effect of hydromethanolic leaves extract of C. africana on Fasting Blood Glucose Level (FBGL) in STZ-induced diabetic mice. 

Group 

Fasting Blood Sugar 

On day 0 On the 7th day On the 14th day 

Healthy control 112.40 ± 3.130 116.60 ± 1.140b 127.60 ± 4.393b 

Dm control 288.20 ± 7.050a 311.80 ± 5.263a 344.60 ± 5.550a 

Dm + GLC 5 mg/kg 287.20 ± 5.070a 215.40 ± 10.310ba 168.00 ± 1.581ba 

Dm + CALE 100 mg/kg 282.00 ± 16.233a 245.40 ± 23.287bac 190.60 ± 8.473 bac 

Dm + CALE 200 mg/kg 286.40 ± 17.855a 223.60 ± 21.732ba 178.60 ± 4.615ba 

Dm+ CALE 400 mg/kg 298.40 ± 14.433a 226.40 ± 7.470ba 183.00 ± 11.225ba 

The values indicate mean ±S.E.M (n=5). 

‘a’ p<0.05 compared with normal control values, 

‘b’ p<0.05 compared with diabetic control values, 

‘c’ p<0.05 compared with standard drug-treated values, 

CALE = Cordia Africana leaves extract, 

Dm = Diabetic Mellitus, GLC= Glibeneclamide. 

Statistical analysis was carried out by using one-way ANOVA followed by Tukey’s post hoc test. 

3.5. Effect of CALE on Body Weight of Diabetic 

Mice 

After administration of 150 mg/kg STZ, the body weight of 

all diabetic mice was significantly reduced at day 0 of treat-

ment from their baseline body weight. However, the body 

weight of the healthy control group was not reduced from its 

baseline; rather, it increased to the end of the experiment. Dur-

ing the experiment, the body weight of diabetic mice treated 

with hydromethanolic CALE and 5 mg/Kg Glibenclamide 

was increased on the 7th and 14th day of treatment, as com-

pared to the diabetic control group, as displayed in Figure 1. 

 
Figure 1. The effect of hydromethanolic CALE on the body weight of STZ-induced diabetic mice. 
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3.6. Influence of CALE on Serum Electrolytes 

(Na+, K+, Cl−, and Ca2+) 

Table 3 presents the results of alterations in serum electro-

lyte concentrations in diabetic mice treated for 14 days with 

CALE at doses of 100 mg/kg, 200 mg/kg, 400 mg/kg, and 5 

mg/kg of Glibenclamide. According to the results, the concen-

trations of all electrolytes were attenuated in STZ-induced di-

abetic mice (Group-II) compared to Group-I (normal control). 

Treatment with CALE and 5 mg/Kg Glibenclamide signifi-

cantly (P<0.05) improved the altered concentration of all the 

estimated electrolytes. 

Table 3. Consequence of hydromethanolic CALE on serum electrolytes in Streptozotocin-induced diabetic mice. 

Groups Sodium (mEq/L) Potassium (mEq/L) Calcium mEq/L) Chlorine (mEq/L) 

Healthy control 142.80 ± 1.020 5.0200 ± 0.09695 9.5800 ± 0.28531 101.60 ± 1.140 

Diabetic control 128.40 ± 0.510a 3.4200 ± 0.05831a 7.4200 ± 0.45978a 92.20 ± 4.970a 

Diabetic + GLC 5 mg/kg 142.00 ± 0.447b 4.9600 ± 0. 27019b 9.3800 ± 0.16553b 98.60 ± 3.192b 

Dm + 100 mg/kg extract 131.60 ± 0.748ab 3.6600 ± 0.12083ac 8.2800 ± 0.17720a 95.40 ± 5.030ac 

Dm + 200 mg/kg extract 137.60 ± 0.510b 4.600 ± 0.07071ab 8.8200 ± 0.29223b 97.60± 2.074ab 

Dm + 400 mg/kg extract 140.40 ± 0.812b 4.9000 ± 0.07071b 9.2000 ± 0.21448b 98.00 ± 1.871ab 

The values indicate mean ±S.E.M. (n=5). 

‘a’ p<0.05 compared with normal control values, 

‘b’ p<0.05 compared with diabetic control values, 

‘c’ p<0.05 compared with standard drug-treated values. 

C.a = Cordia africana, 

Dm = Diabetic Mellitus, 

GLC= Glibeneclamide. 

Statistical analysis was carried out by using one-way ANOVA followed by Tukey’s post hoc test. 

3.7. Alpha-Amylase Inhibition Assay 

 
Figure 2. Percentage inhibition of α-amylase enzyme by CALE and standard Acarbose at different concentrations. 
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Pancreatic alpha-amylase (PAA) is the principal carbohy-

drate-hydrolyzing enzyme located in the brush border of the 

small intestine. In this study α-amylase inhibition assay of 

CALE was performed using the 3,5-dinitrosalicylic acid 

(DNSA) method. The test displayed that the hydromethanolic 

leaf extract of Cordia africana has an appreciable α-amylase 

inhibitory effect at concentrations ranging from 10-160µg/mL, 

as revealed in Figure 2. 

The IC50 (the concentration required to quench 50% of the 

α-amylase enzyme activity) was computed from the graph to 

be 143.23 μg/mL for acarbose and 207.69 μg/mL for CALE. 

An independent T-test was performed to compare the per-

cent α-amylase inhibition for acarbose and CALE. There was 

no significant mean difference between the percent inhibition 

of acarbose and CALE. 

3.8. The Result of Antioxidant Assay 

DPPH radical scavenging activity is the most widely used 

assays for screening antioxidant activity of plant extract. Hy-

dromethanolic CALE evaluation exhibited a good DPPH 

scavenging activity at a concentration between 50 - 300 

µg/mL of the extract, as displayed in Figure 3. 

 
Figure 3. Percentage inhibition of DPPH by ascorbic acid and hydromethanolic leaves extract of C. africana at different concentrations. 

The IC50, which is the concentration required to quench 50% 

of the DPPH radical, was computed to be 143.4 µg/mL of 

ascorbic acid and 165.57 µg/mL of hydromethanolic leaf ex-

tract of C africana. As the concentration of the sample in-

creased, the percent inhibition of DPPH radical also increased. 

An independent T-Test was performed to compare the per-

cent inhibition of DPPH for ascorbic acid and the leaf extract 

of C africana. There was no significant difference between the 

mean percent inhibition for ascorbic acid and the leaf extract 

of C. africana. 

4. Discussion 

Diabetes mellitus is a heterogeneous group of disorders 

characterized by hyperglycemia due to an absolute or relative 

deficit in insulin production or action [1]. For those with dia-

betes, access to affordable treatment, including insulin, is cru-

cial to their survival [11]. Although antidiabetic medicines are 

available on the market, herbal drugs and preparations from 

natural plant sources with minimal side effects have become 

the focus of interest for the ethnobotanical community [12]. 

There is strong evidence that many dangerous pathophysio-

logical processes, such as cancer, diabetes, cardiovascular, 

and neurodegenerative diseases, are associated with the accu-

mulation of free radicals [30, 31]. 

Antioxidants turn free radicals into waste by-products and 

eliminate them from the body [32]. These antioxidants are 

found in various parts of different plants, including Cordia 

species. Electrolyte abnormalities are common in diabetic pa-

tients and might be associated with increased morbidity and 
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mortality [10]. Diabetic patients may experience disorganiza-

tion of water and electrolyte balance, resulting from insulin 

inadequacy, hyperglycemia, and hyperketonemia [33]. In the 

use of synthetic medicines for the treatment of various dis-

eases, free radicals are often generated in the body, which 

might result in an additional disease. The antidiabetic and an-

tioxidant effects of the hydromethanolic leaf extract of C. af-

ricana, as well as its effects on serum electrolytes, were eval-

uated in this study. 

4.1. Qualitative Phytochemical Screening 

In our qualitative phytochemical screening, hydrometh-

anolic leaf extract of C. africana was positive for alkaloids, 

saponins, steroids, terpenoids, anthraquinones, flavonoids, 

phenols, and glycosides, and negative for tannins. A study 

conducted in Nigeria in 2015 also reported that ethanolic stem 

bark extract of Cordia africana Lam. was positive for Alka-

loids, Flavonoids, Saponins, Terpenoids, Carbohydrates, and 

negative for Anthraquinones and Tannins [34]. The results of 

this study are consistent with our results for Alkaloids, Flavo-

noids, Saponins, Terpenoids, and Tannins. However, it was in 

contrast regarding Anthraquinones. This observed difference 

might be due to the part of the plant (leaf versus stem bark). 

Furthermore, biological factors such as genotype, as well as 

environmental factors such as temperature, salinity, water, 

stress, light intensity, and the polarity of the solvent system, 

contribute to the variation of the results [35]. 

4.2. Acute Oral Toxicity Test 

In the acute oral toxicity study at the limit dose of 2000 

mg/kg hydromethanolic leaf extract of C. africana, no behav-

ioral and physical as well as mortality of mice was observed 

during the study period. Therefore, the oral median lethal dose 

LD50 (the dose at which half of the population given will die) 

of hydromethanolic leaf extract of C. africana can be consid-

ered to be more than 2000 mg/kg. Its safety profile is sup-

ported by a study that reported the median lethal dose (LD50) 

of the ethanolic stem bark extract of C. africana Lam in rats 

was found to be greater than 5000 mg/kg via the oral route 

[34]. In general, no toxicity incidents have been reported re-

lated to C. africana so far [34, 36]. 

4.3. Anti-Hyperglycemic Effect of CALE 

Induction of diabetes mellitus is most commonly and effec-

tively performed by using STZ due to its higher inductive rate 

and selectivity. These STZ-induced events are responsible for 

the necrosis of pancreatic β-cells and the induction of experi-

mental diabetes mellitus in laboratory animal models [37]. Be-

cause STZ enters the cell via GLUT2 and competes with glu-

cose for transport via the pancreatic beta cell membrane trans-

porter, it is given to laboratory animals in a fasting state to 

overcome competition by glucose for entry [38, 39]. 

In this study, diabetes mellitus was effectively induced by 

administering STZ solution (150 mg/ kg) to all groups of mice 

except the normal control group. It was validated after 72 

hours of STZ injection with sustained hyperglycemia. In re-

peated daily dose experiments, groups treated with hydro-

methanolic leaf extract of C. africana at a dose of 100 mg/kg, 

200 mg/kg, and 400 mg/kg, and 5 mg Glibeneclamide exhib-

ited a significant (p < 0.05) reduction in blood glucose level 

(BGL) on the 7th and 14th day compared to the diabetic control 

group. The result is in agreement with the studies conducted 

on C. morelosana [40], C. Myxa (36), and Cordia sebestena 

[41], which are in the same family as our plant. The anti-hy-

perglycemic activity of this plant might be due to its biologi-

cally active phytochemicals and secondary metabolites. These 

phytochemicals include phenolic compounds, alkaloids, ter-

penoids, flavonoids, and sterols, among others. The phyto-

chemical contents have a blood glucose-lowering effect 

through different mechanisms. These mechanisms include in-

duction of pancreatic insulin release and increases plasma in-

sulin levels, restoration of insulin response and improving in-

sulin signaling [42], inhibiting disaccharidase activity and glu-

coneogenesis [43, 44], inhibiting glycogen synthesis activa-

tion [45], inhibition of α-glucosidase activity [46], inhibit 

mRNA expression of glycogen phosphorylase and glucose 6 

phosphatase and induce the expression of Glut4 [47, 48]. On 

the other hand, this plant extract displayed noticeable α-amyl-

ase inhibitory activity, and this is one of the biochemical 

mechanisms of this plant to reduce blood glucose levels. 

Moreover, this plant extract presented a significant antioxi-

dant effect. Oxidative stress plays a fundamental role in the 

pathogenesis of diabetes mellitus [6]. This antioxidant activity 

of the plant may contribute to the restoration of pancreatic 

function as well as improve insulin secretion and action. 

4.4. The Influence of Leaf Extract of C. 

africana on Body Weight 

Weight loss in the mice is often associated with STZ and 

hyperglycemic complications [49]. Compared to the baseline 

body weight of the mice, there was a decrease in the body 

weight of the mice following administration of STZ. Follow-

ing the experiment, the body weight of the mice treated with 

hydromethanolic leaf extract of C. africana at a dose of 100 

mg/kg, 200 mg/kg, and 400 mg/kg, and 5 mg Glibenclamide 

was increased when compared to the diabetic control group. 

In a diabetic patient, insufficient insulin prevents the body 

from getting glucose from the blood into the body’s cells to 

use as energy. When this occurs, the body starts burning fat 

and muscle for energy, causing a reduction in overall body 

weight [50]. Therefore, the restoration of insulin concentra-

tion and function may prevent the burning of fat and muscle 

for energy. This may be one mechanism of the extract to im-

prove the weight of the mice. The leaf extract of C. africana 

has the potential to increase water and electrolyte absorption 

or decrease the secretion of fluid and electrolytes [51]. This 
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may also prevent weight loss secondary to dehydration. In ad-

dition to lowering the blood glucose effect, the extract may 

prevent water and electrolyte losses. 

4.5. The Influence of Leaf Extract of C. 

africana on Serum Electrolytes 

Electrolyte disturbance is one of the complications of dia-

betes mellitus. Our study revealed that, in diabetic mice 

treated with distilled water, the levels of sodium, potassium, 

calcium, and chloride were significantly decreased compared 

to the non-diabetic group. Rashid, in 2019, reported that, as 

fasting blood glucose rises, electrolytes, mainly sodium, chlo-

ride, and potassium, become more deranged significantly [52]. 

After treatment for 14 days with 5 mg Glibenclamide and 100 

mg/kg, 200 mg/kg, and 400 mg/kg leaf extract of C. africana, 

serum levels of sodium, potassium, calcium, and chloride 

have displayed an increase to near their normal levels. Partic-

ularly, the serum level of these electrolytes approaches its nor-

mal level in mice treated with the standard drug. The mice 

treated with 400 mg/kg exhibited better correction of their se-

rum electrolyte compared to mice treated with 200 mg/kg and 

100 mg/ kg. The result is in line with the study, which reported 

that the ethanolic extract of Cordia Sebestena fruit signifi-

cantly reversed altered serum electrolyte concentration in 

STZ-induced diabetic rodents [53]. This normalization of se-

rum electrolytes may be secondary to the blood glucose-low-

ering effect of Cordia africana, since the derangement of 

these electrolytes is mostly attributed to hyperglycemia. It 

may also be due to the potential of the leaf extract of C. afri-

cana to increase water and electrolyte absorption or decrease 

the secretion of fluid and electrolytes [51]. 

4.6. The α-amylase Inhibitory Assay 

Pancreatic α-amylase (PAA) is the principal carbohydrate-

hydrolyzing enzyme located in the brush border of the small 

intestine. It catalyzes the breakdown of the complex dietary 

carbohydrates (starch) into easily absorbable monosaccha-

rides (glucose) or disaccharides (maltose). Thus, one thera-

peutic approach in DM treatment is the prevention of carbo-

hydrate absorption after food intake by inhibition of these en-

zymes. Moreover, lowering the digestion and breakdown of 

starch may have beneficial effects on insulin resistance and 

glycemic index control in people with diabetes (29). In our 

study, hydromethanolic leaf extracts of C. africana had α-am-

ylase inhibitory potential with the IC50 of 143.23 μg/mL for 

acarbose and 207.69 μg/mL for the hydromethanolic leaf ex-

tract of C. africana. The plant is a potential source of polyphe-

nolic compounds, which have the potential to reduce α-amyl-

ase activity [54]. Therefore, the activity of this plant extract 

against α-amylase might be due to its phenolic and other bio-

active phytochemical content. This in vitro result also showed 

one of the mechanisms of the plant to lower blood glucose 

levels. 

4.7. The Antioxidant Assay 

Antioxidants act as radical scavengers, inhibit lipid peroxida-

tion and other free-radical-mediated processes, to protect the 

human body from the attack of free radicals. This study demon-

strated that the hydromethanolic leaf extract of C. africana has 

an IC50 (concentration of substrate that provides a 50% loss of 

the DPPH activity) value of 165.57 µg/mL. The result is some-

what comparable to the radical scavenging activity of ascorbic 

acid IC50 value of 143.4 µg/mL. A study conducted in Sudan on 

different parts of C. africana (stem, bark, and fruit) showed 

their antioxidant activity via the DPPH assay. The methanol ex-

tract of stem, bark, and fruit gave antioxidant activity of 88, 74, 

and 37%, respectively [55]. A study conducted on the antioxi-

dant effect of ethanolic stem and bark extract of Cordia afri-

cana in Nigeria reported that there was a significant (p < 0.05) 

reduction in absorbance of DPPH free radical with an IC50 value 

of 20.12 at 518 nm wavelength using a UV spectrophotometer 

[34]. The difference in IC50 value from other research might be 

due to the variation in the laboratory methods and the solvent 

used. It could also be due to the part of the plant and the differ-

ence in phytochemical concentration of the plant, like phenols 

and flavonoids [35]. 

4.8. Limitations of the Study 

This study was conducted with the crude extract only. Due 

to this fact, we were not in a position to point out the exact 

active ingredient and mechanism of action responsible for the 

effect. Given those limitations, further studies are needed to 

isolate and purify the active constituents present in the leaves 

of Cordia africana. Also, further investigation is needed to 

elucidate the biochemical mechanism by which the leaf ex-

tract reduces the raised blood glucose levels. 

4.9. Practical Implications of the Study 

The study titled "Effect of Hydromethanolic Leaf Extract 

of Cordia Africana (Boraginaceae) “Wanza” on Blood Glu-

cose Level and Serum Electrolytes in Streptozotocin-Induced 

Diabetic Mice" has several practical implications: 

Clinical practice: The findings could help healthcare pro-

fessionals to be well-informed about the alternatives and op-

portunities of new medications. This knowledge can inform 

clinical decision-making and treatment strategies for manag-

ing diabetic patients. 

Public health: The study’s findings can help public health 

officials and policy-makers develop targeted interventions to 

manage diabetes-related conditions. 

Research: The findings of this study can provide valuable 

insights for future research on the detection of new, cost-ef-

fective, safer, and accessible drug alternatives. This 

knowledge can help researchers recognize potential targets for 

drug development and other interventions to improve patient 

outcomes. 
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In summary, the findings have important practical implica-

tions for clinical practice, public health, research, and 

healthcare systems. By understanding new and alternative 

drugs, we can work towards improving patient outcomes and 

reducing the burden of diabetes and related conditions on in-

dividuals and society as a whole. 

5. Conclusion 

In this study, hydromethanolic leaf extract of Cordia Afri-

cana exhibited a potential anti-hyperglycemic activity in STZ-

induced diabetic mice. It also has the potential to improve the 

STZ-induced disturbances of body weight and serum electro-

lytes. Moreover, the extract has respectable antioxidant and α-

amylase inhibitory activities. The overall findings of the pre-

sent study suggested that the leaf part of Cordia africana has 

great potential in reducing elevated blood glucose levels and 

may help to reduce the risk of diabetic complications. 

Abbreviations 

CALE Cordia africana Leaf Extract 

DM Diabetes Mellitus 

FBS Fasting Blood Sugar 

OECD Organization for Economic Cooperation and 

Development 
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