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ABSTRACT  

The pharmacological activities of verbenone had been reported in several diseased states. This study evaluated the 

in vitro antioxidant and antihyperglycemia properties of verbenone through linkage with selected solubilizing 

compounds.  Oral Glucose Tolerance Test (OGTT) was conducted in non-diabetic mice overloaded with 2 g/kg 

bwt. glucose solution. In vitro α amylase and α glucosidase inhibitory activities were evaluated for verbenone and 

selected solubilizing compounds. 1,1-diphenyl-2-picrylhydrazyl (DPPH), hydrogen peroxide (H2O2) and hydroxyl 

(OH) radical scavenging activity were evaluated for verbenone and selected solubilizing compounds using 

references procedures. In OGTT assay, verbenone, lysine, cyclodextrin and metformin significantly (p<0.05) 

lowered glucose concentration compared with the control from 30 - 120 minutes. Lysine and verb-lysine (12.5 

µg/mL) steadily raised the percentage α amylase inhibitory activity, while at the same concentration significantly 

(p<0.05) increased amylase activity from 70 to 95%. Acarbose and all concentrations of compound examined (12.5 

- 200 µg/mL) significantly (p<0.05) increased the percentage inhibitory activity of α glucosidase. All 

concentrations of verbenone significantly increased the percentage scavenging activities of DPPH, H2O2 and OH. 

Lysine, cyclodextrin verb-lysine showed a significantly (p<0.05) high hydroxyl scavenging while verb-cyclodextrin 

and acarbose displayed a lower hydroxyl scavenging. The results indicated that verbenone and its linked 

solubilizing compounds exhibited in vitro antihyperglycemic properties in glucose loaded mice, increased inhibitory 

activities of α amylase and α glucosidase as well as increased in vitro antioxidant scavenging activities. 
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INTRODUCTION 

Glycaemia is a measure of the quantity of blood 

glucose in the body. The amount of circulating glucose 

in the body is influenced by dietary ingestion of 

carbohydrate, extent of exercise, sedentary pattern, 

gluconeogenetic pathway, action of enzyme inhibitors, 

enzymatic control and hormonal fluctuations (Gudise et 

al., 2021). The maintenance and control of glucose and 

glycaemic index is achieved by interplay between 

carbohydrate hydrolyzing enzymes like amylase and 

glucosidase as well as glucose controlling hormones 

namely: insulin and glucagon (Asmat et al., 2016). 

Uncontrolled glycaemia index presents with 

hyperglycaemia which involves elevated blood glucose 

level (Asmat et al., 2016).  

Hyperglycaemia predisposes to diabetes mellitus. 

Diabetes mellitus is divided into two main types: Type 

1 Diabetes Mellitus (T1DM, Insulin-dependent diabetes 

with 5–10% prevalence) and Type 2 Diabetes Mellitus 

(T2DM, Non-insulin Dependent Diabetes Mellitus with 

a prevalence of 90–95%). Diabetes mellitus presents 

with chronic hyperglycemia, oxidative stress and 

dyslipidemia which are leads to insulin resistance and 

mild damage to pancreatic beta cells, causing about 

90% of diabetic morbidity and mortality (IDF, 2021). 

Hyperglycaemia causes oxidative stress by reducing 

insulin secretion as well as initiating cell and tissue 

damage,  by NADPH-oxidase activation, hexosamine 

pathway, glucose autoxidation, advanced glycation end 

products (AGEs) and reactive oxygen species (ROS) 

production (Bhatti et al., 2022). 

Oxidative stress is a condition that results in imbalance 

in the capacity of the biological system to produce free 

radicals, reactive oxygen species (ROS) and its 

response to salvage them. Oxidative stress occurs in 

hyperglycaemia and diabetes via altered glucose 

metabolism, oxidative damage to pancreatic beta cells, 

endothelial dysfunction and enzymatic sources 

(xanthine oxidase, NOS and NADPH oxidase). 

Oxidative stress can therefore lead to a number of 

abnormalities and complications including impaired 

insulin secretion, cellular damage and insulin resistance 

(Binjawhar et al., 2023). Oxidative stress is measured 

by determination of levels of malondialdehyde (MDA), 

hydrogen peroxide (H2O2), thiobarbituric acid reactive 

substances (TBARS), nitric oxide (NO), hydroxyl 

radical (OH) and 1,1-diphenyl-2-picrylhydrazyl 

(DPPH) among others.  
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Antioxidants are compounds that possess the ability to 

delay unwanted peroxidation and prevent oxidative 

damage to tissues and biological molecules. Elevated 

levels of free radicals in the body have the ability to 

damage major biochemical components of cells and 

tissues (Ado et al., 2024). Several compounds have 

been shown to possess such antioxidants properties. 

The mode of action of antioxidants may be via 

enhancement of activity and expression of antioxidant 

enzymes such as glutathion peroxidase (GPx), 

superoxide dismutase (SOD) and catalase (CAT)  and 

decrease in cellular level of free radicals either by 

inhibiting the activities and expressions of free radical 

generating enzymes such as NADPH oxidase and 

xanthine oxidase (XO) (Attama et al., 2023).  

Hyperglycaemia and oxidative stress have become a 

global burden relative to its ever increasing morbidity 

and mortality index despite treatment regimens through 

antihyperglycaemic and antioxidant drugs which comes 

with side effects like hypoglycemia, cardiovascular 

diseases, nausea, oxidative stress body weight gain as 

well as allergy, and discomfort respectively (Kokil et 

al., 2015). These side effects call for alternative and 

complementary options in natural products.  

Verbenone (4,6,6-trimethylbicyclohept-3-en-2-one) is a 

liquid ketone-based carbobicyclic natural compound 

and found freely occurring in plants. Verbenone, which 

was first reported from Dendroctonus ponderosae, are 

classified as terpeneis and obtained by auto-oxidation 

of α-pinene. Verbenone is reported to possess cancer 

healing property (Song et al., 2005), in vivo attenuation 

of oxidative stress in diabetic mice (Tijjani et al., 2023; 

Ado et al., 2024), haemolytic, anti-inflammatory, 

bronchodilating abilities (Rappaport et al., 2001), in 

vitro antidiabetic and in vivo hyperlipidemic properties 

in NAD-STZ-induced diabetic mice (Tijjani et al., 

2022), anti-ischemic property (Ju et al., 2013), in vitro 

and in vivo breast cancer healing activity (Mander et 

al., 2019; Yang & Hu, 2023). Despite these verbenone 

related investigations, its poor solubility hinders its 

maximum biological usage (Tijjani, 2022). Thus, this study 

evaluated the antioxidant and antihyperglycemia 

properties of verbenone enhanced with selected 

solubilizing compounds. 

 

MATERIALS AND METHODS 

Drugs and Chemicals 
Potato starch and maltose were procured from SD fine 

chemicals, Mumbai. α-amylase, α-glucosidase, and 

sodium potassium tartarate tetrahydrate were obtained 

from Gentex Pharmaceuticals and C. Huitai, Thailand. 

Acarbose was obtained from Orchid Healthcare, 

Chennai, India. Glucose kit was procured from Agappe 

Diagnostic, Switzerland. All other chemicals used in 

the study were of analytical grade. 

Ethical Clearance 

Ethical clearance for the study was obtained from the 

Ethical Review Committee, National Open University 

of Nigeria (NOUN) with the reference number 

ETC/2024/NOUN/04/011. 

 

Preparation of Various Concentrations of 

Verbenone Enhanced Solubilizing Compounds 

Concentrations of 12.5, 25, 50, 100 and 200 µg/mL 

each for verbenone, lysine, vitamin C, verb-lysine, 

verb-cyclodextrin and cyclodextrin were prepared and 

used for the study. 

Oral glucose tolerance test (OGTT)  

Thirty five (35) non-diabetic mice were randomly 

distributed into seven (7) groups after checking their 

baseline glucose levels using a glucometer (Accu-Chek 

Active). A standard oral dose of glucose (2 g/kg bwt.) 

was administered orally to each mouse after overnight 

fasting for 12 hours. The blood glucose levels were 

monitored at regular intervals to evaluate the glucose 

tolerance ability following treatment with water 

(control), metformin, verbenone, lysine, cyclodextrin, 

verb-lysine and verb-cyclodextrin at 12.5 mg/kg bwt. 

Blood glucose levels were measured from tail veins 

after 30 minutes, 1, 2 and 4 hours of glucose 

administration. 

Determination of in vitro α amylase and α-

glucosidase inhibitory activities 
α-amylase and α-glucosidase inhibition assays were 

carried out using the methods described by Andrade-

Cetto et al. (2008) and Kuppusamy et al. (2011) 

respectively at the concentrations of 12.5 - 200 µg/mL 

using acarbose as reference drug. 

Determination of In vitro Antioxidant Activity 

1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging 

activity 

A known amount (500 µL) of 0.11 mM methanolic 

DPPH was added to 500 µL of different concentrations 

(12.5 - 200 µg/mL) of verbenone, lysine, cyclodextrin, 

verb-lysine and verb-cyclodextrin were incubated at 

room temperature in the dark for 10 minutes (McCune 

and Johns, 2002). The absorbance of the blank (Ab) and 

samples (As) was measured at 517 nm. % DPPH 

scavenging activity was calculated using the formula: 

 

% 𝐷𝑃𝑃𝐻 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦

= (1 −  
𝐴𝑏𝑠𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑏𝑙𝑎𝑛𝑘
)  × 100 

 

Hydrogen peroxide (H2O2) scavenging assay 

Hydrogen peroxide (H2O2) scavenging activity was 

determined according to the procedure described by 

Ruch et al. (1989). Briefly, 3.4 mL of varying 

concentration (12.5 - 200 µg/mL) of verbenone, lysine, 

cyclodextrin, verb-lysine and verb-cyclodextrin in 

phosphate buffer saline (pH 7.4) were mixed with 0.6 

mL of 40 mM H2O2. The absorbance was read at 230 

nm after 10 minutes of incubation at room temperature. 

Hydroxyl (OH
-
) scavenging activity 

Hydroxyl radical (OH
-
) scavenging activity of the 

extract was measured as described by Smirnoff and 

Cumbes (1989). Briefly, 2 mL of verbenone, lysine, 

cyclodextrin, verb-lysine and verb-cyclodextrin at 

concentrations of 12.5 - 200 µg/mL, 0.6 mL of 8 mM 

ferrous sulphate, 0.5 mL of 20 mM H2O2, and 2 mL of 

2 mM salicylic acid were mixed and incubated at 37°C 

for 30 minutes. Then, 0.9 mL of distilled water was 
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added to each vial. The final solution was centrifuged at 

4472 ×g for 10 minutes after which the absorbance was 

read at 510 nm. 

Statistical Analysis 
Experimental data were expressed as mean ± standard 

error of mean (SEM) and were subjected to One Way 

Analysis of Variance (ANOVA) followed by Dunnett’s 

test. Significance was considered at p<0.05. Graphs 

were plotted using GraphPad Prism 6 software 

(GraphPad Software, California, USA). 

 

RESULTS AND DISCUSSION 

Verbenone, lysine and cyclodextrin significantly 

(p<0.05) lowered glucose concentration from 30 - 120 

minutes in a manner comparable with that of the 

reference antihyperglycaemic drug, metformin (Figure 

1). 

Across the row, the percentage blood glucose level of 

the control was significantly (p<0.05) reduced from 

115.00 (Baseline) to 44.00 (at 120 minutes) with an 

average percentage of 40.74. Similarly, the percentage 

blood glucose level of the verbenone was significantly 

(p<0.05) reduced from 125.33 (Baseline) to 30.00 (at 

120 minutes) with an average percentage of 23.08. A 

similar pattern of percentage glucose reduction was 

observed across the row for lysine, cyclodextrin, verb-

lysine and verb-cyclodextrin. Across the row, the 

pattern of percentage glucose reduction of cyclodextrin 

and verb-lysine was comparable (p>0.05) with that of 

the reference antihyperglycaemic drug, metformin 

(Table 1). 

 

 

 
Figure 1: Antihyperglycemic effects of verbenone enhanced with selected solubilizing agents 

Values are mean ± SEM 

 

 

Table 1: Effects of verbenone enhanced with selected solubilizing agents on percentage blood glucose levels 


Groups Baseline (mg/dL) 30 Min. (%) 60 Min. (%) 120 Min. (%) Average (%) 

Control 115.00 3.67 (↓3.40) 20.00 (↓18.52) 44.00 (↓40.74) ↓40.74 

Metformin 120.33 22.33 (↑23.02) 32.67 (↓33.68) 47.00 (↓48.45) ↓48.45 

Verbenone 125.33 34.00 (↑26.15) 8.33 (↓6.41) 30.00 (↓23.08) ↓23.08 

Lysine 127.33 45.67 (↑26.71) 3.00 (↓1.75) 28.00 (↓16.37) ↓16.37 

Cyclodextrin 120.00 1.33 (↑1.09) 26.67 (↓21.86) 23.67 (↓19.40) ↓19.40 

Verb-Lysine 128.33 10.00 (↓6.99) 35.33 (↓24.71) 42.33 (↓29.60) ↓29.60 

Verb-Cyclodextrin 108.50 36.50 (↑45.06) 19.50 (↓24.07) 27.50 (↓33.95) ↓33.95 

Values are mean, ↑ = increase, ↓ = decrease 
 

 

The 12.5 µg/mL concentration of verbenone 

significantly (p<0.05) increased the percentage 

inhibitory activity of α-amylase from 70 to 95%. All 

examined concentrations (12.5, 25, 50, 100 and 200 

µg/mL) of lysine, cyclodextrin, verb-lysine, verb-

cyclodextrin and acarbose did not significantly 

(p>0.05) alter the percentage inhibitory activity of α 

amylase (Figure 2). 

All examined concentrations (12.5, 25, 50, 100 and 200 

µg/mL) of verbenone, lysine, cyclodextrin, verb-lysine 

and verb-cyclodextrin significantly (p<0.05) increased 

the percentage inhibitory activity of α glucosidase in a 

manner compared well with acarbose, the reference 

antihyperglycaemic drug (Figure 3). 

Lysine, cyclodextrin, verb-lysine, verb-cyclodextrin 

and acarbose showed high inhibition against α amylase 

activity with lowered IC50 values of 6.94±0.21, 

6.70±0.26, 7.17±0.20, 6.71±0.05 and 6.55±0.05 µg/Ml, 

respectively (Table 2). Lysine, cyclodextrin, verb-

cyclodextrin showed highest inhibition against α 

glucosidase activity with the lowest IC50 value of 

11.47±1.93, 12.20±1.14 and 11.90±1.89 µg/mL (Table 

2). However, Verb-Lysine displayed the least inhibition 

against α glucosidase with the highest IC50 value of 

22.79±7.41 µg/mL. The α glucosidase IC50 value of 

acarbose is 18.59±3.55 µg/mL (Table 2). 
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Figure 2: In vitro inhibitory activity of α amylase by 

verbenone enhanced with selected solubilizing 

compounds 

Values are mean ± SEM 

 

 
Figure 3: In vitro inhibitory activity of α glucosidase 

by verbenone enhanced with selected solubilizing 

compounds 

Values are mean ± SEM 

 

 

Table 2: IC50 values of inhibition of α amylase and α 

glucosidase activities by verbenone enhanced with 

selected solubilizing compounds 

Groups IC50 values (µg/mL) 

α Amylase α Glucosidase 

Verbenone  9.02±0.27
a
  16.10±3.17

a
 

Lysine 6.94±0.21
b
 11.47±1.93

b
 

Cyclodextrin 6.70±0.26
b
 12.20±1.14

b
 

Verb-Lysine 7.17±0.20
b
 22.79±7.41

b
 

Verb-Cyclodextrin 6.71±0.05
b
 11.90±1.89

b
 

Acarbose 6.55±0.05
b
 18.59±3.55

b
 

Values are mean ± SEM. Significant difference are indicated 

using different superscript at p<0.05. IC50 =50% Inhibitory 

Concentration 

 

 

All concentrations of lysine, cyclodextrin and verb-

cyclodextrin significantly (p<0.05) increased the 

percentage in vitro DPPH scavenging activity in a 

manner comparable with verbenone and vitamin C. 

However, verb-lysine which the increased the 

percentage in vitro DPPH scavenging activity at 12.5 - 

50 µg/mL, reduced it at 100 and 200 µg/mL (Figure 4). 

All concentrations (12.5, 25, 50, 100 and 200 µg/mL) 

of verbenone substantively (p<0.05) increased the 

percentage in vitro H2O2 scavenging activity. However, 

all examined concentrations did not significantly 

(p>0.05) alter the percentage in vitro H2O2 scavenging 

activity of lysine, cyclodextrin, verb-lysine, verb-

cyclodextrin and vitamin C (Figure 5). 

All concentrations of verbenone, verb-cyclodextrin, 

verb-lysine, lysine and cyclodextrin significantly 

(p<0.05) increased the in vitro percentage. 
.
OH 

scavenging activity in a similar pattern of increase 

observed in Verbenone and Vitamin C (reference drug) 

(Figure 6). 

Lysine showed high inhibition against DPPH activity 

with the low IC50 value of 7.60±0.31 µg/mL while 

cyclodextrin, Verb-Lysine, Verb-Cyclodextrin and 

acarbose (reference drug) revealed DPPH IC50 values 

that compared (p>0.05) well with that of verbenone 

(Table 3). 

Lysine, cyclodextrin, Verb-Lysine, Verb-cyclodextrin 

and acarbose showed high inhibition against H2O2 

concentration with low IC50 values of 6.82±0.34, 

6.52±0.16, 7.32±0.26, 7.49±0.16 and 6.70±0.20 µg/mL 

respectively (Table 3). 

Cyclodextrin showed the least inhibition against OH 

activity with the highest IC50 value of 275.97±44.84 

µg/mL. However, acarbose showed the highest 

inhibition against OH activity with the lowest IC50 

value of 11.36±0.88 µg/mL. The OH IC50 values for 

lysine, verb-lysine verb-cyclodextrin are 144.68±9.76, 

107.49±18.07 and 59.06±14.95 µg/mL respectively 

(Table 3).   

 

 
Figure 4: In vitro DPPH scavenging activity by 

verbenone enhanced with selected solubilizing 

compounds 

Values are mean ± SEM 

 

 



 

 
 

In Vitro Antioxidant & Antihyperglycemia Properties of Verbenone Enhanced with Selected Solubilizing Compounds 

 FULafia Journal of Science & Technology, Vol. 9, No. 2 

40 

 
Figure 5: In vitro H2O2 scavenging activity by 

verbenone enhanced with selected solubilizing 

compounds 

Values are mean ± SEM 

 

 
Figure 6: In vitro 

.
OH scavenging activity by 

verbenone enhanced with selected solubilizing 

compounds 

Values are mean ± SEM 

 

 

Table 3: IC50 values (µg/mL) for in vitro antioxidant 

effects of verbenone enhanced with selected 

solubilizing compounds 

Groups 
IC50 values (µg/mL) 

DPPH H2O2 
.OH 

Verbenone 8.97±0.55a 142.63±11.11a 73.73±9.62a 

Lysine 7.60±0.31b 6.82±0.34b 144.68±9.76b 

Cyclodextrin 8.52±0.36ab 6.52±0.16b 275.97±44.84c 

Verb-Lysine 8.63±0.38ab 7.32±0.26b 107.49±18.07b 
Verb-Cyclodextrin 8.35±0.20ab 7.49±0.16b 59.06±14.95a 

Acarbose 8.35±0.26ab 6.70±0.20b 11.36±0.88d 

Values are mean ± SEM. Significant difference are indicated using 

different superscript at p<0.05. 

 

 

One of the antihyperglcaemic and antioxidative 

therapeutic strategies for glucose and oxidant regulation 

is the reduction in gastrointestinal glucose production 

by inhibiting carbohydrate hydrolyzing enzymes such 

as α-amylase and α-glucosidase in the gastrointestinal 

tract, with related reduction of intestinal glucose 

absorption, and generation of enzymic and non-

enzymic antioxidants thereby lowering the postprandial 

blood glucose levels and oxidant /free radical 

concentration (Nguyen et al., 2023). The reduction in 

glucose concentration by verbenone, lysine, 

cyclodextrin and metformin at 30 - 120 minutes suggest 

antihyperglycaemic effect of the compounds which may 

have acted by stimulating glucose utilization by 

peripheral tissues or increasing insulin production by 

the pancreas from regenerated β-cells (Tijjani & Imam, 

2021). The reduction in percentage blood glucose level 

observed in all examined compounds (verbenone, 

lysine, cyclodextrin, verb-lysine and verb-cyclodextrin) 

from 0 - 120 minutes may be adduced to direct 

stimulation of the insulin release via the enteroinsular 

axis or reduced glucose uptake or combined effect of 

the two mechanisms. This is in accordance with the 

report by Bashir and Tijjani (2022). 

α-amylase and α-glucosidase inhibitors delay the action 

of α-amylase and α-glucosidase enzymes to digest 

carbohydrate and prolong the overall carbohydrate 

digestion time thereby lowering the absorption of 

glucose and consequently reducing the postprandial 

plasma glucose. This has been employed as an oral 

antihyperglycemic drug especially in persons with 

hyperglycaemia (Oladipo et al., 2024). Therefore, the 

increase in in vitro α-amylase inhibitory activity by 

verbenone at 12.5 µg/mL concentration when compared 

with other solubilizing compounds suggest that 

verbenone would inhibit the activity of α-amylase from 

hydrolyzing the polysaccharide (starch) to 

oligosaccharide (dextrin), thereby prolonging the 

overall carbohydrate digestion time. Consequently, this 

inhibition will lower glucose release. The increase in in 

vitro α-glucosidase inhibitory activity by all compounds 

at all concentrations in a manner comparable with 

acarbose suggest that all the verbenone enhanced 

solubilizing compounds would actively inhibit α 

glucosidase activity in hydrolyzing maltose to glucose, 

thereby delaying the overall carbohydrate digestion 

time, thus causing a reduction in the rate of glucose 

absorption and consequently reducing postprandial 

plasma glucose rise (Singharoy et al., 2024). Therefore, 

the ability of the verbenone and its linked solubilizing 

compounds to inhibit in vitro activities of α amylase 

and α glucosidase indicate that they can be explored as 

oral antihyperglycemic agent owing to their ability to 

inhibit intestinal glucose digestion and absorption. The 

increase observed in the present study is in agreement 

with the report of Jaber (2023) who reported similar 

increase in in vitro α amylase and α-glucosidase 

inhibitory activities. 

Diabetes has been associated with several metabolic 

complications caused by oxidative stress. Free radicals 

especially reactive oxygen species (ROS) has been 

implicated in a lot of degenerative diseases particularly 

diabetes mellitus (Martemucci et al., 2022). 

Furthermore, lipid peroxide-mediated tissue damage 

has been observed in the development of 

hyperglycaemia. The increased lipid peroxidation leads 

to cellular infiltration, islet cell dysfunction and 

destruction in diabetes (Jideani et al., 2021).  

1,1-diphenyl-2-picrylhydrazyl is key antioxidant 

chemical for measurement of antioxidant properties of 

substances. It is a stable free radical that is used in 

assay to determine the antioxidant capacity of 

compounds, foods, beverages, and herbal extracts 

(Rahman et al., 2015). DPPH assay method exhibited 

the highest scavenging activity in all compounds 
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examined. Verbenone and its linked solubilizing 

compounds have a higher percentage of inhibition of 

DPPH radical scavenging activity and high total 

antioxidant capacity. The high scavenging potential of 

verbenone and its linked solubilizing compounds could 

also occur when the compounds donates hydrogen to 

DPPH, reducing its colour in solution from violet to 

yellow (Gulcin and Alwasel, 2023).  

Hydrogen peroxide is a molecule that leads to 

generation of free radical via chemical reactions like 

Fenton chemical reactions and Habe-Weiss reactions. 

The free radical leading that has been generated leads to 

oxidative stress (Keser et al., 2012). The high 

percentage in vitro H2O2 scavenging activity of 

verbenone at all concentrations may be adduced to its 

capacity to facilitate reduction in hydrogen peroxide to 

prevent cell damage (Keser et al., 2012). The high H2O2 

scavenging activity could have also occurred through 

its decomposition into water and oxygen following 

breakage of oxygen-oxygen bond which releases free 

radicals that are highly reactive with other 

biomolecules. 

Hydroxyl radical (OH) is a strong oxidizing free radical 

that leads to lipid peroxidation through hydrogen 

abstraction technique. It generates free radicals by 

Fenton chemical process through interaction between 

hydrogen peroxide, iron or copper ions, and a reducing 

agent (Lyngsie et al., 2018). The high percentage of 

hydroxyl radical scavenging activity by verbenone in 

the present study may have occurred by accumulation 

of higher levels of simple organic compounds by 

verbenone, which could have occured when plant-

derived sugars form less harmful sugar radicals during 

Fenton reactions (Lipinski, 2011). 

 

CONCLUSION 

The study indicated that enhancing verbenone with 

solubilizing compounds improved its 

antihyperglycemic properties in glucose loaded mice, 

increased inhibitory activities of α amylase and α 

glucosidase as well as increased in vitro antioxidant 

scavenging activities. 
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