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Introduction 

Diabetes mellitus is a cluster of metabolic disorders that is 

characterized by insulin resistance, hyperglycemia, and dysfunction of 

pancreatic β-cells. 1 Diabetic complication especially type-2 diabetes 

(T2DM) are more severe due to the pivotal role of oxidative stress, 

chronic inflammation, and coagulation abnormalities.2 Costus afer Ker 

Gawl. has gained more attention due to its traditional use for various 

ailments including its therapeutic potential in managing diabetes 

mellitus. 3, 4 Phytochemicals aid the action of endogenous antioxidants 

like superoxide dismutase with catalase, prevent lipid peroxidation, and 

eliminate reactive oxygen species. These protect the β-cells from 

damage and maintain their ability to secrete insulin, resulting in low 

blood glucose levels and increased insulin sensitivity. 5,6 Chronic 

inflammations in type 2 diabetes results in resistance to insulin and 

endothelial dysfunction, 7 and an increase in fibrinogen levels, thus, 

decreasing fibrinolytic activity and resulting in coagulation 

abnormalities.8 Costus afer contains phytochemicals responsible for its 

anti-inflammatory properties preventing inflammatory complications in 

diabetic patients. 9  
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Phytochemicals with the ability to inhibit thromboxane A2 synthesis 

and reduce platelet surface adhesion molecules were reported to prevent 

platelet aggregation, prolong clotting time, and also elevate fibrinolytic 

activity by raising tissue plasminogen activator (tPA) level and 

reducing plasminogen activator inhibitor-1 (PAI-1) therefore, 

preventing formation of thrombus, dissolution of formed clots, and 

prevent complications in T2DM patients.10 

 

Materials and Methods 
Plant Collection and Authentication 

Costus afer Ker Gawl. leaves were procured from farms in Irolu, Ikenne 

Local Government Area of Ogun State, Southwestern Nigeria in 

January, 2024. The authentication of the plant sample was done at the 

Forest Herbarium Ibadan (FHI), Forestry Research Institute of Nigeria 

(FRIN), Ibadan, Oyo State, Nigeria with authentication number FHI 

113959. 

 

Chemicals and Reagents  

Reagents and chemicals utilized were of quality suitable for analysis. 

Solvents and chemicals were procured from Sigma Aldrich Chemical 

Co. (St. Louis, MO, USA). Diclofenac was sourced from Hovid 

Pharmaceuticals, Nigeria. 

 

Preparation of Plant Samples 

C. afer leaves were firstly cleaned with water, and then dried at 40℃ in 

the oven, followed by pulverization using a warring blender and it was 

stored in the refrigerator at 4℃ till use. One thousand grams (1000 g) 

of pulverized plant sample was macerated in 95% ethanol using a 1:8 

(w/v) ratio and shaken occasionally at room temperature for 48 hours, 

the suspension was sieved with a fine Muslin cloth, and then a No.1 

Whatman filter paper. The crude extract was concentrated using 

rotatory evaporator at 40℃ and dried using hot air oven at the same 

temperature. Fractionation of the crude extract was done using n-

hexane, ethyl acetate, and n-butanol in successive order as the polarity 

increases. All fractions were stored in the refrigerator at 4℃.  
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Study Design and Location 

The study was done at the Department of Biochemistry, Babcock 

University, Ilishan-Remo, Ogun State, Nigeria. 

 

Antidiabetic in vitro assays  

Inhibition of α-amylase Enzyme   

Fractions at varying concentrations (100-500 µg/mL) were combined 

with 0.5 mg/mL of α-amylase, starch solution at 1% and 100 µL of 

phosphate buffer 0.2 mM having 6.9 pH were then incorporated. The 

enzymatic reaction was conducted for 5 minutes at 37°C and 

subsequently stopped by the introduction of 3, 5-dinitrosalicylic acid (2 

mL). The resulting mixture was subjected to heating at 100°C for 15 

minutes, followed by dilution with 10 mL distilled water in an ice bath. 

α-amylase activity was assessed by measuring the color intensity at a 

wavelength of 540 nm using spectrophotometer.11,12 The identical 

procedure was executed for the standard. 

 

% Inhibitory Activity = Ac –As x 100 

        Ac 

Ac indicates the absorbance of the control and As indicates absorbance 

of the sample 

 

Inhibition of α-glucosidases Enzyme  

Evaluation of alpha-glucosidases was conducted utilizing the 

methodology proposed by Vennila & Pavithra.13 The inhibitory 

potential was evaluated by incubating 1 mL of a 2% (w/v) starch 

solution with 0.2 M Tris buffer (pH 8.0) and different concentrations 

(100 - 500 mg/mL) of the test fractions. The reaction mixture was 

maintained at 37 °C for 10 minutes. Initiation of the reaction was 

achieved through the addition of 1 mL of the α-glucosidase enzyme at 

1 U/mL, followed by incubation for 40 minutes at 35°C. Subsequently, 

the reaction was halted by the incorporation of 2 mL 6 N HCl. The 

colour intensity of the resultant mixture was quantified at a wavelength 

of 540 nm using a spectrophotometer. 

The results were expressed as percentage inhibition, calculated using 

the appropriate formula: 

 

% Inhibitory Activity = Ac –As x 100 

        Ac 

Ac indicates the absorbance of the control and As indicates the 

absorbance of the sample. 

 

In-vitro anti-inflammatory assays 

Erythrocyte Membrane Stabilization Assay  

Preparation of Red Blood Cell (RBC) Suspension  

Human blood serum was retrieved into tubes containing an 

anticoagulant and was centrifuged for 10 minutes at 3000 rpm. The 

resulting supernatant was meticulously decanted, and the packed 

erythrocytes were scrubbed up to three times with freshly prepared 

normal saline. The washed red blood cells were then diluted to a 10% 

v/v concentration using 0.1 M phosphate-buffered saline (PBS) at pH 

7.4 to obtain the erythrocyte suspension.14 

 

Heat-Induced Hemolysis  

Hundred microliter (100 μL) of 10% red blood cell suspension was 

introduced into 100 μL of each respective fraction. The resultant 

mixture underwent heating for 30 minutes at 56°C, then centrifugation 

followed at 2500 rpm for 10 minutes at ambient temperature. The 

supernatant was harvested, and the absorbance measured at a 

wavelength of 560 nm. Diclofenac sodium served as the positive control 

in this experiment. The percentage of membrane stabilization was 

determined following the method established by 14 utilizing the formula: 

 

% Inhibition = 100 – A1 –A2   x 100 

   A0 

A1 indicates absorbance of the sample, A2 indicates absorbance of the 

control and A0 represents absorbance of the positive control. 

 

Protein Denaturation Inhibition 

The protein denaturation inhibition was assessed utilizing the method 

established by.14An aliquot of 500 µL of bovine serum 1% albumin was 

introduced into 100 μL of the plant fraction. The resultant mixture was 

maintained at ambient temperature for a duration of 10 minutes, 

subsequently subjected to heating for 20 minutes at 51°C. The resulting 

solution was left to cool to room temperature, after which optical 

density measurements were recorded at a wavelength of 660 nm. 

Diclofenac sodium acted as positive control. This experiment was done 

in triplicates and protein denaturation percentage inhibition for was 

calculated using:  

 

% Inhibition = 100 – A1 –A2   x 100 

   A0 

A1 indicates the optical density of the sample, A2 indicates the 

absorbance of the product control and A0 represents the optical density 

of the positive control 

 

In-vitro Antioxidant Activity of the Fractions 

The antioxidant activity of the fractions was assessed through the 

evaluation of the 2,2-Diphenyl-2-picrylhydrazyl (DPPH) radical 

scavenging efficacy, the inhibition of lipid peroxidation through the 

TBARS assay, the reducing power activity, and the scavenging activity 

against nitric oxide radicals. 

 

DPPH Radical Scavenging Activity 

The DPPH radical scavenging efficacy of the fractions was analyzed 

using the method delineated by McCune and Johns.15 A DPPH solution 

(0.3 mM) was formulated by dissolving 11 mg of DPPH in 100 mL of 

methanol. The reaction mixture (3.0 mM) comprised 1.0 mL of DPPH 

in methanol, 1.0 mL of C. afer leaf fractions (100, 200, 300, 400, and 

500 µg/mL), along with 1.0 mL of methanol. This mixture was 

subsequently incubated in the dark for 10 minutes, after which 

measurement of the absorbance at a wavelength of 517 nm was done. 

The percentage antioxidant potential was calculated using:  

 

% Antioxidant Potential = OD Control – OD Sample   x 100 

        OD Control 

Where OD control indicates the optical density of the control and OD 

sample indicate the optical density of the sample. 

The IC50 values of the samples were calculated, which is the 

concentration of the fractions needed to scavenge just 50% DPPH 

radicals. 

 

Inhibition of the lipid peroxidation (LPO) assay  

The inhibition of LPO was experimented by the use of egg yolk 

homogenate as lipid rich media as previously reported.16 A stock 

solution was prepared for standard Gallic acid, and test fractions 

(hexane, ethyl acetate, butanol and aqueous). Egg yolk homogenate at 

0.5 mL of 10% v/v was added to varying volumes of 10, 20, 50, and 

100 µL of standards and test sample fractions, the volume made up to 1 

mL distilled water, 0.05 mL of FeSO4 was added thereafter. The 

reaction mixture was maintained under incubation conditions for 30 

minutes at a temperature of 37°C, after which 1.5 mL of acetic acid was 

introduced into the reaction mixture, followed by the addition of 0.67% 

solution of thiobarbituric acid (TBA) at 1.5 mL in a 20% sodium 

dodecyl sulfate (SDS) solution. The resulting solutions were subjected 

to thorough mixing using a vortex mixer and subsequently heated to a 

temperature of 95°C for a period of 60 minutes. Upon cooling, 5 mL of 

butan-1-ol was incorporated into the mixture, which was then 

centrifuged at a rotational speed of 3000 rpm for 10 minutes. The 

absorbance of the organic upper phase was quantified at a wavelength 

of 532 nm and subsequently converted to percentage inhibition 

employing the appropriate formula: 
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Inhibition of lipid peroxidation (%) = 1 – E   x 100 

     C 

C indicates absorbance of the totally oxidized control and E indicates 

absorbance taken in the presence of test fraction or the standard. 

 

Reducing Power Assay 

The investigation of the reducing power activity was conducted using 

the method established by 17 albeit with certain modifications. A volume 

of 0.05 mL fraction in various concentrations was introduced into 0.2 

mL of 0.2 M phosphate buffer (pH 6.6) and 1% potassium ferricyanide 

solution at 0.2 mL. The resultant mixture was subjected to incubation 

in a water bath for a duration of 20 minutes at a temperature of 50°C. 

Subsequently, 0.25 mL of trichloroacetic acid was incorporated into the 

mixture, which was then centrifuged at 1000 rpm for 10 minutes at 

ambient temperature. The supernatant (0.5 mL) was combined with 0.5 

mL of deionized water and 0.1 mL of a 0.1% FeCl3 solution. The 

absorbance was measured at a wavelength of 700 nm. The reducing 

power assay was expressed as mg GAE/L. 

 

Nitric Oxide Radical (NO) Scavenging Assay  

Nitric oxide from sodium nitroprusside was generated in an aqueous 

solution at the physiological pH, which interacts with oxygen to 

produce nitrite ions, and was measured using the Griess reagent. 18 3.0 

mL of 10 mM sodium nitroprusside in phosphate buffer was added to 

2.0 mL of the fractions and reference compound (ascorbic acid) at 

different concentrations (20 - 100 g/mL). The resulting solutions were 

subjected to incubation at 25°C for a duration of 60 minutes. An 

analogous procedure was conducted utilizing methanol as a blank, 

which functioned as the control. To 5.0 mL of the incubated sample, an 

equivalent volume of Griess reagent (comprising 1% sulphanilamide, 

0.1% naphthyl ethylene diamine dihydrochloride dissolved in 2% 

H3PO3) was incorporated, and the absorbance of the chromophore 

(purple azo dye) produced during the diazotization of nitrite ions with 

sulphanilamide, followed by the subsequent coupling with naphthyl 

ethylene-diamine dihydrochloride, was quantified at a wavelength of 

540 nm. The inhibition percentage (%) of the generated nitrite oxide 

was determined by contrasting the absorbance values of the control and 

test preparations.  

 

Blood coagulation profiles on human blood 

Blood samples (5 mL) were collected through the help of a trained 

phlebotomist from 10 healthy adults and 10 newly diagnosed diabetic 

patients who volunteered (40 years and above) at ‘Babcock University 

Teaching Hospital, (BUTH) Ilishan-Remo, Ogun State, Nigeria’. The 

volunteers received sufficient information about the study, and their 

participation was confirmed through a signed consent form. 

Questionnaires were used to gather biodata and brief medical histories 

prior to the collection of blood samples. The blood samples collected 

were subjected to the following assays: Blood clotting time in 

apparently healthy volunteers according to Wintrobe, 19 Prothrombin 

time (PT) and activated partial thromboplastin time (aPTT) were 

measured in both apparently healthy and diabetic patient volunteers 

using the method described by Brown,20 as previously reported. 21 

 

Statistical Analysis 

Statistical analysis was done by the use of one-way analysis of variance 

(ANOVA), Tukey’s tests followed for post-hoc test comparison. Both 

GraphPad Prism® 8.0 and Microsoft excel 2016 were used in graphs 

and charts construction. A p-value less than 0.05 was statistically 

considered significant and data were expressed as mean ± SEM in 

triplicate. 

 

Results and Discussion 
In vitro Anti-diabetic Assays 

Inhibition of alpha-amylase and alpha-glucosidase by C. afer leaf 

fractions  

Figure 1 shows the percentage inhibition of α-amylase and α-

glucosidase by C. afer leaf fractions. Ethyl acetate fraction exhibited 

the strongest inhibitory activity of α-amylase at 16.20 µg/mL when 

compared to other fractions, followed by hexane fraction (22.72 

µg/mL), butanol fraction (26.95 µg/mL) and aqueous fraction (48.71 

µg/mL). This pattern was in line with the standard, acarbose having the 

IC50 of 2.59 µg/mL which had the highest α-amylase inhibition activity 

when compared to the fractions of C. afer leaves.  

 
Figure 1: Percentage alpha-amylase and alpha-glucosidase inhibition by C. afer leaf fractions 

Acarbose- standard,  
CAEF- C. afer ethyl acetate fraction,  

CAHF- C. afer hexane fraction,  

CABF- C. afer butanol fraction,  
CAAF- C. afer aqueous fraction.  

 

In addition, inhibition of α-glucosidase as expressed in Figure 1B 

showed that ethyl acetate fraction exhibited the highest enzyme 

inhibition with the IC50 of 0.7154 mg/mL when compared to the other 

fractions, followed by butanol fraction (1.0157 mg/mL), aqueous 
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fraction (1.5339 mg/mL), and hexane fraction (2.1252 mg/mL) in a 

concentration-dependent manner. Orally ingested carbohydrates are 

metabolized by α-amylase and α-glucosidase to ease absorption; 

inhibition of these enzyme activities can control the postprandial 

glucose concentrations and thus minimizing the risk of hyperglycemia. 
22 Acarbose has a notable effect on inhibiting the α-glucosidase enzyme, 

which effectively controls blood sugar levels. 23 This inhibition is 

considered an effective treatment strategy for carbohydrate metabolic 

disorders such as diabetes mellitus type II. 24 This study assesses the in 

vitro inhibitory effects of various solvent fractions of C. afer leaves on 

α-amylase and α-glucosidase in a concentration-dependent manner 

indicating that the ethyl acetate fraction possesses the most significant 

inhibitory activity, which suggests that the bioactive compounds 

responsible for this inhibition had more solubility in ethyl acetate 

compared to other solvents. This inhibitory capacity observed is similar 

to a previous study indicating that fractions rich in polyphenols and 

flavonoids demonstrate substantial α-amylase inhibition due to their 

interaction with the enzyme's active site, 25 which could be a strategy 

for managing type 2 diabetes mellitus. 26 Studies have indicated that 

polyphenolic compounds, particularly flavonoids and tannins, 

contribute to α-glucosidase inhibition by binding to the enzyme's active 

site and altering its catalytic function. 25, 27 The observed activity aligns 

with the previous findings that plant extracts with high phenolic content 

tend to show stronger inhibition against carbohydrate-hydrolyzing 

enzymes. 28, 29 Therefore, α-amylase and α-glucosidase inhibition by the 

plant extract could be an essential pharmacological importance in 

diabetic management. 30 

In-vitro Anti-inflammatory Activity of C. afer Leaf Fractions 

The In-vitro anti-inflammatory effect of C. afer leaf fractions was 

observed using stabilization of erythrocyte membrane heat-induced 

hemolysis and protein denaturation inhibition. Each fraction of C. afer 

leaves exhibited erythrocyte membrane stabilization potential in dose-

dependent manner (Figure 2A), with aqueous fraction having the 

highest stabilization at IC50 of 19.53 µg/mL, followed by ethyl acetate 

(40.82 µg/mL), hexane (49.62 µg/mL), and butanol (169.10 µg/mL) 

fractions. This is similar to the effect of diclofenac sodium (standard 

drug) but the effect of aqueous fraction is more significantly higher 

when compared to diclofenac sodium (33.29 µg/mL). However other 

fractions exhibited significant reduction in erythrocyte membrane 

stabilization potential when compared to diclofenac sodium. 

Lysosomal membrane is structurally similar to erythrocyte membrane 

and this is a key indicator in anti-inflammation, the ability of the various 

fractions to stabilize red blood cell membrane could be inferred from 

lysosomal membrane stabilization which generally explains the in vitro 

anti-inflammatory mechanism of action. 27 During inflammation, 

lysosomal membrane lysis occurs releasing its enzyme component 

leading to production of diverse disorders. Finding from this study is 

similar to the previous reports on anti-inflammatory activity of S. 

khasianum root extract, 31 and C. afer leaf ethanol extract. 9 Ability of 

C. afer leaf fractions and the standard (diclofenac sodium) to stabilize 

the membrane indicate the therapeutic potential to maintain membrane 

integrity and prevent leakage of the cell components during heat 

exposure.  

The in vitro inhibitory activity of C. afer leaf fractions on protein 

denaturation are shown in Figure 2B, each fraction exhibited 

comparable effect with diclofenac sodium (157.49 µg/mL) which has 

the highest inhibition, followed by ethyl acetate fraction that showed 

the highest inhibition at the IC50 of 200.66 µg/mL, followed by hexane 

(350.07 µg/mL), aqueous (355.42 µg/mL), and butanol (395.845 

µg/mL) fractions in a concentration-dependent manner.  

Protein denaturation is another mechanism used as a marker of 

inflammation where the secondary and tertiary protein structure are 

disrupted through the denaturation process and retaining only the 

primary structure, the covalent bonds are disrupted and amino acid 

interactions are broken resulting in loss of protein’s biological 

functions. 32 Membrane proteins are essential for maintaining the 

integrity of cell membranes and play a key role in the regulation of the 

influx and efflux of sodium and potassium ions thus regulating the 

volume and water content of the cell which maintains homeostasis. 33 

Reports have shown that protein denaturation causes autoantigens 

during inflammation and these antigens are associated with 

hypersensitive reactions implicated in various diseases such as diabetes, 

rheumatic arthritis, and cancer which are inflammatory conditions. 27, 34 

 

 
Figure 2: Percentage stabilization of erythrocyte membrane (A) and inhibition of protein denaturation (B) by diclofenac sodium 

(standard) and fractions of C. afer leaf (100-500µg/mL). 
CAEF- C. afer leaf ethyl acetate fraction 
CAHF- C. afer leaf hexane fraction  

CAAF- C. afer leaf aqueous fraction 

CABF- C. afer leaf butanol fraction 

Therefore, medicinal plants with the ability to prevent protein 

denaturation are usually identified as possessing anti-inflammatory 

potential. This study showed that various fractions of C. afer leaf 

possess protein denaturation inhibitory effect with the ethyl acetate 

fraction possessing the highest inhibitory effect on heat-induced bovine 

serum albumin denaturation compared with other fractions which is 

also similar to the high denaturation inhibitory effect that is seen in 

diclofenac sodium as shown in Figure 2B. This result is similar to the 
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previous report 9 that C. afer leaf extract prevents protein denaturation. 

Therefore, ethyl acetate fraction could be regarded as a promising anti-

inflammatory agent capable of inhibiting denaturation of protein and 

thus maintaining membrane protein integrity. 

In-vitro Antioxidant Activity of C. afer Leaf Fractions 

The in vitro antioxidant activity of different fractions of C. afer leaves 

are shown in Figure 3. The C. afer leaf fractions produced dose-

dependent DPPH radical scavenging activity with ethyl acetate fraction 

exhibiting the highest at IC50 28.22 µg/mL followed by hexane (IC50 = 

44.14 µg/mL), and aqueous fractions (46.60 µg/mL), while butanol 

fraction (56.35 µg/mL) exhibited the lowest activity. Gallic acid 

(standard) showed similar result pattern with IC50 of 3.90 µg/mL which 

had the highest percentage inhibition of DPPH radicals, however, there 

was significant (p<0.05) difference in the DPPH scavenging activities 

of fractions of C. afer leaves and gallic acid. 

 

A. DPPH radical scavenging activity of gallic acid (standard) and 

fractions of C. afer leaf  

 

 
 

B. Anti-lipid Peroxidation (LPO) Activity of gallic acid (standard) 

and fractions of C. afer leaf 

 
C. Reducing power activity of ascorbic acid (standard) and 

fractions of C. afer leaf  

 
D. Nitric oxide (NO) radical scavenging activity of gallic acid 

(standard) and fractions of C. afer leaf 

  

Figure 3: Antioxidant activity of C. afer leaf 

 
Control (PBS) - Phosphate buffer saline, CAAF - C. afer aqueous fraction  

CAHF - C. afer hexane fraction CAEF - C. afer ethyl acetate fraction,  

CABF - C. afer butanol fraction, CAEE - C. afer ethanol extract  

 

The results indicated that all C. afer fractions exhibited antioxidant 

activity, ethyl acetate fraction showed the highest DPPH radical 

scavenging activity. The ethyl acetate fraction demonstrated the 

strongest lipid peroxidation inhibition at the IC50 of 44.98 µg/mL, 

followed by hexane (47.03 µg/mL), aqueous (IC50 = 53.25 µg/mL), and 

butanol (IC50 = 58.76 µg/mL) fractions, all in a concentration-

dependent effect as shown in Figure 3B.  However, the standard 

compound, gallic acid exhibited significantly, the greatest inhibitory 

activity with an IC50 of 32.83 µg/mL when compared with fractions of 

C. afer leaves. 

Oxidative stress, marked by excess production of reactive oxygen 

species (ROS) plays a critical role in the aetiology of many chronic 

diseases, including diabetes, cardiovascular disorders, and 

neurodegenerative conditions.35 The ability of plant extracts to 

neutralize free radicals, such as 2,2-diphenyl-1-picrylhydrazyl (DPPH), 

is widely indicator of their antioxidant potential.36  These results suggest 

that the ethyl acetate fraction may contain the highest concentration of 

bioactive antioxidant compounds including polyphenols, flavonoids, 

and phenolic acids which have been reported as major contributors to 

antioxidant activity due to their ability to donate hydrogen atoms or 

electrons, and neutralize free radicals.37 Gallic acid, a well-known 

potent antioxidant, exhibited an IC₅₀ significantly lower than any of the 

C. afer fractions. This indicated that while C. afer fractions demonstrate 
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notable antioxidant activity, they are considerably less effective than 

pure gallic acid.  

Lipid peroxidation is a key process in oxidative damage contributing to 

the pathogenesis of several chronic diseases, such as diabetes, 

neurodegenerative disorders, and cardiovascular conditions. 38 The 

ability of antioxidants to prevent lipid peroxidation is important for 

cellular protection and prevention of diseases. Ethyl acetate fraction 

demonstrated the most effective inhibition of lipid peroxidation 

suggesting the presence of bioactive compounds such as flavonoids, 

polyphenols, and alkaloids 36 responsible for inhibiting lipid 

peroxidation. These compounds are well reported and documented 

owing to their antioxidant properties and their ability to neutralize lipid 

peroxyl radicals, thus preventing oxidative damage’.39  

Although, gallic acid, exhibited higher inhibition of lipid peroxidation 

when compared to all C. afer fractions which indicated that, while C. 

afer fractions possess antioxidant potential, their potency is lower than 

that of gallic acid. However, plant extracts often contain multiple 

bioactive compounds that may act synergistically, providing broader 

health benefits than a single isolated compound.40 These findings align 

with previous research indicating that flavonoids and polyphenols play 

a vital role in protecting cells against lipid peroxidation 41 and also in 

another report 42 revealing that methanol extract of C. afer possess 

inhibition of lipid-peroxidation and thus preventing damage to 

biomolecules. Therefore, the ability of C. afer leaf fractions to inhibit 

lipid peroxidation supports their potential use as natural antioxidants 

inhibiting oxidative damage-related diseases.  

The reducing power assay is a commonly used method for evaluating 

the electron-donating capacity of bioactive compounds, playing a 

crucial role in neutralizing free radicals and inhibiting oxidative stress-

related damage. The ability of antioxidants to donate electrons 

correlates with their potential to reduce oxidative stress in biological 

systems.  In this study, Figure 3C shows the reducing power activity of 

C. afer leaf fractions expressed as ascorbic acid equivalent per 

milligram, aqueous fraction (0.654 ±0.0024 µg/mL, 2745.37 AAE/mg) 

had the highest reducing power at the highest concentration of 100 

µg/mL, followed by hexane fraction (0.636 ±0.0042 µg/mL, 1484.04 

AAE/mg), ethyl acetate (0.596 ±0.0022 µg/mL, 2115.74 AAE/mg), and 

butanol fraction (0.530 ± 0.0061 µg/mL, 1708.33 AAE/mg). 

As presented in Figure 3C, the reducing power activity of C. afer leaf 

fractions varied across different solvent extracts, with the aqueous 

fraction exhibiting the highest reducing power at the highest 

concentration (100 µg/mL). The observed variation in reducing power 

among the fractions is likely due to differences in the solubility and 

concentration of antioxidant compounds in each solvent extract. The 

aqueous fraction exhibited the highest reducing power, suggesting a 

high presence of hydrophilic antioxidants, such as phenol and some 

flavonoids, that contribute to electron donation and free radical 

neutralization. 43 Ascorbic acids, a well-known standard antioxidant, is 

used as a reference in reducing power assays due to its strong electron-

donating ability.  

The findings suggest that C. afer leaf fractions possess significant 

reducing power, with the aqueous fraction exhibiting the highest 

activity. The ability of these extracts to donate electrons highlights their 

potential as natural antioxidants, which could be beneficial in 

combating oxidative stress-related diseases. 

Different fractions of C. afer leaves exhibited nitric oxide radical 

scavenging activity with ethyl acetate showing the highest scavenging 

activity at IC50 of 21.21 µg/mL, followed by hexane (IC50 = 55.63 

µg/mL), butanol (91.18 µg/mL), and aqueous (175.78 µg/mL) fractions, 

however, the standard (gallic acid) showed significantly higher 

scavenging activity at IC50 = 3.37 µg/mL compared to the C. afer leaf 

fractions in a concentration dependent manner as expressed in Figure 

3D. Nitric oxide (NO), a biologically important signaling molecule is 

involved in various physiological and pathological processes, including 

inflammation, vasodilation, and immune response. 44 However, high 

level of nitric oxide production leads to oxidative stress and cellular 

damage, contributing to various disease conditions. On the other hand, 

antioxidants are capable of scavenging nitric oxide radicals and help to 

mitigate these harmful effects, making them valuable in therapeutic 

applications. 45 As presented in Figure 3D, different solvent fractions of 

C. afer leaf exhibited nitric oxide radical scavenging activity in a 

concentration-dependent manner. The ethyl acetate fraction had the 

highest inhibition, suggesting that it contains high concentration of 

bioactive compounds capable of neutralizing nitric oxide radicals. Ethyl 

acetate is known to extract polyphenols, flavonoids, and tannins, which 

have been reported for their strong nitric oxide scavenging abilities. 46   

These findings are consistent with previous studies highlighting the role 

of flavonoids and phenolics in nitric oxide scavenging activity. 47 While 

all fractions demonstrated antioxidant properties, their effectiveness 

was significantly lower than that of gallic acid. These findings support 

the potential of C. afer as a natural source of nitric oxide scavengers, 

which may be beneficial for developing antioxidant-based therapeutics. 

 

Effects of C. afer leaf extract and fractions on the clotting time 

Figure 4 presents the blood clotting time of healthy volunteers in the 

presence of C. afer leaf extract and its fractions. All tested fractions 

significantly (p < 0.001) prolonged clotting time at various 

concentrations compared to both the control (whole blood with 

phosphate-buffered saline) and normal whole blood alone (WBA). 

Aqueous fraction exhibited the longest clotting time of 11.86 mins when 

compared to other fractions, followed by hexane fraction at 11.79 mins, 

butanol at 9.80 mins and ethyl acetate at 9.09 mins at the lowest 

concentration 5 mg/kg b.w. Crude Extract also showed prolongation at 

9.91 mins comparable to the controls PBS at 6.52 mins and WBA at 

4.95 mins. 
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Figure 4: In vitro blood clotting time of apparently healthy 

human volunteers treated with fractions/extract of C. afer at 5, 

10 and 20 mg/mL 
Bars labeled with different letters indicate statistically significant 

(p<0.0001) difference (n=10). 

WBA - Whole blood alone  
Control (PBS) - Phosphate buffer saline, CAAF - C. afer aqueous fraction  

CAHF - C. afer hexane fraction CAEF - C. afer ethyl acetate fraction,  

CABF - C. afer butanol fraction, CAEE - C. afer ethanol extract  

 

These results showed significant prolongation of clotting time in all 

fractions and extract at different concentrations as presented in Figure 

4, suggesting its crucial role in interfering with the clotting process.  

This report is in line with that of 47 where the extract of C. afer leaves 

was reported to cause a dose-dependent increase in blood clotting time. 

This is also consistent with that of 4 who reported that C. afer stem 

fractions, especially ethyl acetate fraction possess an antithrombotic 

effect higher than aspirin and other fractions of the extract.  These 

finding is an indication that fractions of C. afer leaves play a crucial 

role in the clotting process, potentially interfering with specific 
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components of the coagulation cascade which may be attributed to the 

presence of various bioactive compounds in the fractions. 

Phytochemicals like flavonoids, tannins, and alkaloids have been 

discovered to possess anticoagulant properties. 48 These compounds can 

impact platelet function, disrupt clot formation factors, or interfere with 

fibrin formation, leading to a prolonged clotting time. 49 Furthermore, it 

is important to mention that the concentrations of the extract and 

fractions affected the clotting time. The observed dose-response 

relationship is frequently seen in pharmacological studies, indicating 

that the effects observed can be attributed to the specific extract 

fractions under investigation. 

 

Effect of C. afer leaf extract and fractions on the Prothrombin Time 

(PT) and activated partial thromboplastin time (aPTT) 

The in vitro results of the prothrombin time of the blood samples of 

apparently healthy volunteers treated with C. afer leaf are shown in 

Figure 5A. All extract/fractions at different concentrations showed 

significantly (p<0.0001) longer prothrombin time when compared to 

control. Ethyl acetate had the longest prothrombin time at 60.68 secs 

followed by hexane fraction at 58.29 secs, n-butanol 47.55 secs, while 

aqueous extract exhibited the shortest PT at 42.95 among the fractions, 

however, all fractions exhibited significant (p<0.0001) increase when 

compared to controls, plasma alone at 17.15 secs), control PBS (23.35 

secs). Furthermore, Figure 5B shows the result of the diabetic 

volunteer’s plasma prothrombin time treated with different 

concentrations of C. afer leaf fractions at 5, 10 and 20 mg/mL. The 

extract/fractions showed significant (p<0.0001) prolongation across the 

different fractions with ethyl acetate having the longest prothrombin 

time of 31.18 secs, followed by aqueous at 29.93 secs, butanol and 

hexane have the lowest prothrombin time of 26.42 secs and 26.45 secs 

respectively among the fractions, however, ethanol crude extract also 

add prothrombin time of 28.02 secs.  

 

 

  
A. Prothrombin time of apparently healthy human volunteers 

treated with the C. afer leaf extract and fractions at 5, 10, 20 mg/mL 

 
B. Prothrombin time of diabetic human volunteers treated with C afer leaf 

extract and fractions at 5, 10 and 20 mg/mL 

 
C. Activated partial thromboplastin time (aPTT) of apparently 

healthy human plasma treated with C afer leaf extract and fractions 

at 5, 10 and 20 mg/mL 

 
D. Activated partial thromboplastin time (aPTT) of apparently diabetic 

human plasma treated with C. afer leaf extract and fractions at 5. 10 and 

20 mg/mL 

Figure 5: Prothrombin and activated partial thromboplastin time 
Bars labeled with different letters indicate statistically significant (p<0.0001) difference (n=10). 

Control (PBS) - Phosphate buffer saline, CAAF - C. afer aqueous fraction  
CAHF - C. afer hexane fraction CAEF - C. afer ethyl acetate fraction,  

CABF - C. afer butanol fraction, CAEE - C. afer ethanol extract  

Figure 5C also showed the effect of C. afer leaf fractions on the 

activated partial thromboplastin time (aPTT) of apparently healthy 

individuals compared with the control. There was a significant 

(p<0.0001) difference across the fractions when compared with 

controls.  All fractions showed prolonged activated partial 

thromboplastin time (aPTT) in a dose-dependent manner with ethyl 

acetate fraction exhibiting the highest aPTT when compared to the 

control. Butanol fraction exhibited the lowest aPTT when compared 

with other fractions. However, Figure 5D showed the effect on diabetic 

individuals (n=10), where there was no significant (p>0.05) difference 
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across the groups, ethyl acetate (58.18 secs), hexane fractions (63.94 

secs), aqueous fraction (56.56 secs), butanol fraction (44.19 secs) and 

ethanol crude extract (54.72 secs). Hexane fraction (63.94 secs) 

exhibited the highest prolongation of aPTT followed by ethyl acetate 

fraction (58.18 secs).  

Ethyl acetate exhibited the highest PT and aPTT when compared with 

other fractions; this is similar to the previous report 4 on C. afer stem, 

and also consistent with the result obtained by 47 on the ethanol extract 

of C. afer leaf. As reported in Figures 5A and 5B, the observed 

prolongation of PT suggests that the extract fractions interfere with 

prothrombin to thrombin conversion, which is a crucial stage in 

coagulation cascade. The observed interference may arise from the 

bioactive compounds found in the extract fractions, which could 

potentially affect the activity of coagulation factors related to the PT 

pathway. The observed effect demonstrated the relationship between 

dosage and response often observed in pharmacological studies, 

indicating that the extent of PT prolongation varies with the 

concentration of the extract fractions.  

Furthermore, the results in Figure 5C and 5D indicates that the fractions 

of C. afer leaf have a significant effect on the clotting process, as 

evidenced by the significant difference in aPTT when compared to the 

control group (p<0.0001). In this study, it was found that the duration 

of aPTT varied based on the concentration of the fractions. Higher 

concentrations of the fractions were linked to a longer duration of aPTT. 

Interestingly, the ethyl acetate fraction exhibited the most noteworthy 

extension of aPTT when compared to control, indicating its potential as 

a potent modulator of the clotting process. On the other hand, the 

butanol fraction displayed the shortest aPTT duration among all the 

fractions, suggesting potential variations in the clotting effects of 

different elements. The results suggests that the bioactive chemicals 

present in the C. afer leaf fractions may have implications for the 

clotting process. It is crucial to have a clear understanding of how these 

fractions impact aPTT in healthy individuals for therapeutic purposes 

and consider the dosage when using these fractions for therapeutic 

purposes, as the effects observed are dependent on the dose. Adjusting 

the concentration of the fractions can optimize the clotting reaction, 

ensure maximum therapeutic activity and reduce side effects. This 

suggests that the effect of C. afer on PT and aPTT in both diabetic and 

non-diabetic could be due to the presence of phytochemicals like 

alkaloids such as ambinine in C. afer which are known to possess 

anticoagulant 47 and antithrombotic activity 4 and tannins known for the 

inhibition of platelet activation and thrombus formation. 51  

 

Conclusion 

This study demonstrated the pharmacological potential of C. afer leaf 

fractions, providing compelling evidence of their in vitro antidiabetic, 

anti-inflammatory, antioxidant and anticoagulant activities. Among the 

tested fractions, the ethyl acetate fraction consistently exhibited the 

most potent bioactivity across multiple assays. These findings 

highlighted the therapeutic potential of C. afer leaf fractions particularly 

the ethyl acetate fraction as a natural source of multitarget bioactive 

compounds for managing oxidative stress, inflammation, diabetes, and 

coagulation disorders. Further research, including compound isolation, 

mechanistic studies and in vivo evaluations are recommended to fully 

elucidate and validate these pharmacological effects. 
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