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ABSTRACT 
Diabetes mellitus is a complex metabolic disorder 

associated with oxidative stress, excessive formation 

of advanced glycation end products (AGEs), and 

abnormal carbohydrate metabolism. Development of 

multi-targeted herbal interventions possessing 

antioxidant, anti-glycation, and enzyme inhibitory 

properties may provide a promising approach for 

management of diabetes-associated complications. 

The present study aimed to develop and optimize a 

polyherbal formulation containing hydroethanolic 

extracts of Urtica dioica leaves and Momordica 

charantia fruits using a Quality by Design (QbD)-

assisted D-optimal mixture design approach and to 

evaluate its in vitro pharmacological potential. 

Hydroethanolic extracts were prepared using 

Soxhlet extraction with 70% hydroethanol and 

subjected to preliminary phytochemical 

investigation. The extracts demonstrated the 

presence of phenolics, flavonoids, tannins, 

glycosides, saponins, and terpenoids. A D-optimal 

mixture design was employed using Urtica dioica 

and Momordica charantia extracts as formulation 

variables, while DPPH radical scavenging activity, 

ABTS radical scavenging activity, lipid 

peroxidation inhibition, anti-glycation activity, α-

amylase inhibition, and α-glucosidase inhibition 

were selected as response variables. 

The developed polynomial models exhibited 

excellent statistical significance with high 

coefficient of determination values (R² > 0.98) and 

adequate precision values indicating suitability of 

the models. Response surface analysis revealed 

significant interaction between both extracts, with 

maximum biological activity observed near an equal 

proportion of extracts. Numerical optimization 

identified an optimized formulation containing 

52.14% Urtica dioica extract and 47.86% 

Momordica charantia extract with an overall 

desirability value of 0.982. 

The optimized formulation exhibited enhanced 

antioxidant activity with DPPH, ABTS, and lipid 

peroxidation inhibition values of 85.31%, 82.86%, 

and 80.54%, respectively. It also demonstrated 

significant inhibition of advanced glycation end 

product formation and carbohydrate hydrolyzing 

enzymes. The IC50 values of optimized formulation 

were found to be 61.52 µg/mL for DPPH, 65.83 

µg/mL for ABTS, 68.24 µg/mL for lipid 

peroxidation inhibition, 86.28 µg/mL for anti-

glycation activity, 70.46 µg/mL for α-amylase 

inhibition, and 56.34 µg/mL for α-glucosidase 

inhibition. Synergistic interaction analysis showed 

combination index values below unity for all 

pharmacological responses, confirming synergistic 

enhancement between the two herbal extracts. 

The findings demonstrate that QbD-assisted 

optimization successfully improved the 

pharmacological performance of the polyherbal 

formulation. The optimized combination of Urtica 

dioica and Momordica charantia may represent a 

promising herbal system for targeting oxidative 

stress, glycation-associated damage, and 

postprandial hyperglycaemia. 
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I. INTRODUCTION 
Diabetes mellitus is one of the most 

prevalent metabolic disorders worldwide and 

represents a major healthcare challenge due to its 

increasing incidence and associated complications. 

Persistent hyperglycaemia leads to excessive 

generation of reactive oxygen species (ROS), 

oxidative stress, protein glycation, inflammation, 

and progressive tissue damage. These pathological 

mechanisms contribute significantly to diabetic 
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complications including nephropathy, neuropathy, 

retinopathy, and cardiovascular disorders. 

Oxidative stress plays a central role in 

diabetes progression by promoting lipid 

peroxidation, protein oxidation, mitochondrial 

dysfunction, and cellular injury. Reactive oxygen 

species accelerate non-enzymatic glycation 

reactions, resulting in the formation of advanced 

glycation end products (AGEs). Accumulation of 

AGEs activates inflammatory pathways and further 

enhances oxidative damage. Therefore, therapeutic 

strategies capable of simultaneously reducing 

oxidative stress and glycation processes may 

provide beneficial effects in diabetic management. 

Inhibition of carbohydrate digestive 

enzymes, particularly α-amylase and α-glucosidase, 

represents an established approach for controlling 

postprandial blood glucose elevation. α-Amylase 

hydrolyses complex carbohydrates into 

oligosaccharides, while α-glucosidase facilitates 

conversion of oligosaccharides into absorbable 

glucose. Modulation of these enzymes can delay 

carbohydrate digestion and reduce rapid glucose 

absorption. However, synthetic enzyme inhibitors 

may be associated with gastrointestinal adverse 

effects, encouraging exploration of plant-based 

alternatives. 

Medicinal plants contain diverse bioactive 

phytoconstituents including phenolic compounds, 

flavonoids, tannins, glycosides, and terpenoids that 

possess antioxidant, anti-inflammatory, anti-

glycation, and enzyme inhibitory properties. Urtica 

dioica (stinging nettle) is a medicinal plant reported 

to contain abundant phenolics and flavonoids with 

antioxidant and metabolic regulatory activities. 

Similarly, Momordica charantia (bitter melon) has 

traditionally been used for diabetes management due 

to the presence of bioactive compounds capable of 

improving glucose metabolism and inhibiting 

carbohydrate digestive enzymes. 

Combination of medicinal plants may 

provide enhanced therapeutic benefits due to 

synergistic interactions among phytoconstituents. 

However, development of scientifically optimized 

polyherbal formulations requires systematic 

evaluation of individual components and their 

interactions. Quality by Design (QbD) is an 

advanced formulation development approach that 

enables understanding of formulation variables, 

optimization of composition, and establishment of 

predictive mathematical models. 

D-optimal mixture design is a statistical 

QbD tool particularly useful for optimizing 

formulations where components are expressed as 

proportions of the total mixture. This approach 

allows evaluation of individual and interactive 

effects of formulation components on multiple 

responses while minimizing experimental 

requirements. 

Therefore, the present investigation was 

designed to develop a QbD-assisted optimized 

polyherbal formulation containing hydroethanolic 

extracts of Urtica dioica and Momordica charantia. 

The optimized formulation was evaluated for 

antioxidant activity, lipid peroxidation inhibition, 

anti-glycation potential, α-amylase inhibition, and α-

glucosidase inhibition to establish its 

pharmacological potential as a multi-targeted herbal 

intervention for diabetes-associated metabolic 

complications. 

 

II. MATERIALS AND METHODS 
 

Plant Materials 

The leaves of Urtica dioica and fruits of 

Momordica charantia were selected for the 

preparation of hydroethanolic extracts based on their 

reported antioxidant and anti-diabetic properties. 

The plant materials were collected, authenticated, 

shade dried, and powdered. The dried plant 

materials were stored in airtight containers until 

further extraction and evaluation. 

 

Preparation of Hydroethanolic Extracts 

The powdered plant materials were 

extracted using Soxhlet extraction apparatus with 

70% hydroethanol as solvent. The extraction process 

was continued until complete exhaustion of 

extractable constituents. The obtained extracts were 

concentrated under reduced pressure and dried to 

obtain semisolid extracts. The percentage extractive 

yield was calculated, and the extracts were stored 

under controlled conditions for further 

investigations. 

 

Preliminary Phytochemical Screening 

The hydroethanolic extracts of Urtica dioica and 

Momordica charantia were subjected to qualitative 

phytochemical screening to identify the presence of 

major bioactive phytoconstituents. The extracts 

were evaluated for alkaloids, flavonoids, phenolic 

compounds, tannins, glycosides, saponins, and 

terpenoids using standard phytochemical 

procedures. 

Determination of Total Phenolic Content 

The total phenolic content of individual extracts and 

optimized formulation was determined using the 

Folin–Ciocalteu colorimetric method. The 
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absorbance was measured spectrophotometrically, 

and the phenolic content was expressed as gallic 

acid equivalents. 

Determination of Total Flavonoid Content 

Total flavonoid content was estimated using the 

aluminium chloride colorimetric method. The 

absorbance was measured at the appropriate 

wavelength, and results were expressed as quercetin 

equivalents. 

QbD-Assisted Optimization Using D-Optimal 

Mixture Design 

A Quality by Design (QbD)-based D-optimal 

mixture design was applied for optimization of the 

polyherbal formulation using Design-Expert 

software. The proportions of Urtica dioica extract 

(A) and Momordica charantia extract (B) were 

selected as formulation variables. 

Thirteen experimental formulations were generated 

with different extract ratios. The formulations were 

evaluated for pharmacological responses including: 

• DPPH radical scavenging activity 

• ABTS radical scavenging activity 

• Lipid peroxidation inhibition activity 

• Anti-glycation activity 

• α-Amylase inhibition activity 

• α-Glucosidase inhibition activity 

The experimental data were fitted into polynomial 

regression models, and statistical significance was 

evaluated using analysis of variance (ANOVA). 

Model adequacy was assessed using R², adjusted R², 

predicted R², adequate precision, and p-value. 

Numerical Optimization and Validation 

Numerical optimization was performed using 

desirability function analysis to identify the 

optimized extract ratio providing maximum 

pharmacological responses. The optimized 

formulation was prepared independently and 

experimentally evaluated to validate the predicted 

responses. 

Prediction error was calculated using the following 

equation: 

Prediction error (%) = [(Experimental value − 

Predicted value) / Predicted value] × 100 

Evaluation of Antioxidant Activity 

DPPH Radical Scavenging Assay 

The free radical scavenging activity of extracts and 

optimized formulation was evaluated using the 

DPPH method. Different concentrations of samples 

were prepared and mixed with DPPH solution. After 

incubation, absorbance was measured 

spectrophotometrically. Percentage inhibition was 

calculated, and IC50 values were determined. 

ABTS Radical Cation Scavenging Assay 

ABTS radical scavenging activity was evaluated by 

measuring the ability of extracts and optimized 

formulation to reduce ABTS radical cations. The 

percentage inhibition was calculated at different 

concentrations, and IC50 values were determined. 

Lipid Peroxidation Inhibition Assay 

The lipid peroxidation inhibitory activity was 

evaluated to determine the protective effect of the 

extracts against oxidative degradation of lipids. 

Different concentrations of samples were tested, and 

percentage inhibition was calculated. BHT was used 

as standard antioxidant. 

 

Evaluation of Anti-Glycation Activity 

Inhibition of Advanced Glycation End Product 

Formation 

The anti-glycation activity was evaluated using the 

BSA-glucose glycation model system. The extracts 

and optimized formulation were incubated with 

bovine serum albumin and glucose under controlled 

conditions. Formation of advanced glycation end 

products (AGEs) was determined by fluorescence 

measurement. 

Aminoguanidine was used as reference standard. 

The percentage inhibition of AGE formation and 

IC50 values were calculated. 

 

 

Evaluation of Enzyme Inhibitory Activity 

α-Amylase Inhibition Assay 

The α-amylase inhibitory activity was evaluated 

using starch as substrate. Different concentrations of 

extracts and optimized formulation were incubated 

with α-amylase enzyme, and residual enzyme 

activity was measured. Percentage inhibition and 

IC50 values were calculated. Acarbose was used as 

standard. 

α-Glucosidase Inhibition Assay 

The α-glucosidase inhibitory activity was evaluated 

using p-nitrophenyl-α-D-glucopyranoside as 

substrate. The inhibitory potential of extracts and 

optimized formulation was determined by 

measuring enzymatic reaction products 

spectrophotometrically. Acarbose was used as 

reference standard. 

Synergistic Interaction Analysis 

The synergistic interaction between Urtica dioica 

and Momordica charantia extracts was evaluated 

using combination index analysis. Combination 

index values were considered indicative of 

synergistic interaction. 

Stability Study 

The optimized formulation was subjected to short-

term stability evaluation under controlled storage 
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conditions for 30 days. The formulation was 

examined for: 

• Physical appearance 

• Colour 

• Odour 

• pH 

• DPPH inhibition activity 

• α-Glucosidase inhibition activity 

Changes during storage were monitored to evaluate 

physicochemical and pharmacological stability. 

Statistical Analysis 

All experiments were performed in triplicate, and 

results were expressed as mean ± standard 

deviation. Statistical analysis was performed using 

Design-Expert software and appropriate statistical 

tests. Differences were considered significant when 

p < 0.05. 

 

III. RESULTS AND DISCUSSION 
Preliminary Phytochemical Investigation 

The hydroethanolic extracts of Urtica dioica 

and Momordica charantia revealed the presence of 

various bioactive phytoconstituents including 

phenolic compounds, flavonoids, tannins, 

glycosides, saponins, and terpenoids. These 

secondary metabolites are known to contribute 

significantly to antioxidant, anti-glycation, and anti-

diabetic activities. 

The presence of phenolic and flavonoid 

compounds in both extracts suggested their potential 

role in free radical scavenging activity through 

hydrogen donation and electron transfer 

mechanisms. These phytoconstituents may also 

contribute toward inhibition of oxidative stress-

mediated glycation reactions and carbohydrate 

metabolizing enzymes. 

 

Table:1 Organoleptic Characteristics and Percentage Extractive Yield of Plant Extracts 

Parameter Urtica dioica Extract Momordica charantia Extract 

Appearance Dark green semisolid mass Dark brown semisolid mass 

Odor Characteristic herbal odor Bitter herbal odor 

Texture Sticky and viscous Slightly viscous 

Solvent system 70% Hydroethanolic 70% Hydroethanolic 

Percentage yield (%) 14.82 ± 0.64 17.46 ± 0.71 

 

Table : 2 Preliminary Phytochemical Screening of Hydroethanolic Extracts 

Phytoconstituent Urtica dioica Momordica charantia 

Alkaloids + + 

Flavonoids +++ ++ 

Phenolic compounds +++ +++ 

Tannins ++ ++ 

Saponins + +++ 

Glycosides ++ +++ 

Terpenoids + ++ 

Steroids + + 

Carbohydrates ++ ++ 

Proteins and amino acids + + 

 

QbD-Based Optimization Using D-Optimal 

Mixture Design 

A QbD-assisted D-optimal mixture design was 

successfully applied for optimization of the binary 

polyherbal formulation containing Urtica dioica and 

Momordica charantia extracts. Thirteen 

experimental formulations were generated with 

varying proportions of both extracts and evaluated 

for multiple pharmacological responses. 

The observed responses demonstrated considerable 

variation among experimental formulations, 

confirming that extract ratio significantly influenced 

biological activity. Formulations containing 

balanced proportions of both extracts exhibited 
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superior pharmacological performance compared 

with formulations dominated by a single extract. 

Among all experimental batches, formulations F3, 

F12, and F13 showed maximum antioxidant and 

enzyme inhibitory activities. These findings 

indicated significant interaction between 

phytoconstituents present in both extracts. 

The enhanced activity observed in combined 

formulations may be attributed to complementary 

effects of phenolics, flavonoids, tannins, glycosides, 

and terpenoidal constituents present in Urtica dioica 

and Momordica charantia. 

 

Table : 3  D-Optimal Mixture Design Matrix and Experimental Responses 

Formu

lation 

Urtic a 

dioic 

a(%) 

Momordic a 

cliarantia 

(%) 

OPP H 

(%) 

ABT 

S(%) 

LPO (%) AGE 

Inhibitio 

 

n (%) 

a- 

 

Amylas e 

(%) 

a- 

 

Glucosidas 

e(%) 

Fl 20 80 63.82 60.71 58.9 54.33 ± 61.84 ± 65.92 ± 

   ± 1.42 ± 6 ± 1.18 1.47 1.52 

    1.35 1.21    

F2 80 20 74.48 72.16 69.8 62.45 ± 66.92 ± 69.48 ± 

   ± l.65 ± 1 ± 1.36 1.55 l.61 

    1.54 1.44    

F3 50 50 85.16 82.73 80.4 76.94 ± 82.16 ± 86.22 ± 

   ± 1.88 ± 5 ± 1.57 1.81 1.93 

    1.76 1.69    

F4 35 65 79.34 77.21 73.8 70.26 ± 76.43 ± 79.38 ± 

   ± 1.71 ± 5 ± 1.49 1.65 l.72 

    l.62 1.53    

F5 65 35 81.52 79.43 76.6 72.83 ± 78.62 ± 82.57 ± 

   ± 1.79 ± 1 ± 1.51 1.74 1.86 

    1.68 1.58    

F6 40 60 82.24 80.11 77.3 73.94 ± 79.21 ± 83.16 ± 

   ± 1.84 ± 8 ± 1.56 1.77 1.88 

    1.72 1.62    

F7 60 40 83.67 81.52 78.9 75.28 ± 80.84 ± 84.72 ± 

   ± 1.87 ± 2 ± 1.59 1.79 1.91 

    1.74 1.67    

F8 25 75 70. 18 67.96 65.8 60.15 ± 69.26 ± 72.84 ± 

   ± 1.58 ± 4 ± 1.31 1.53 1.66 

    1.49 1.37    

F9 75 25 76.42 74.61 71.5 66.72 ± 71.95 ± 75.28 ± 

   ± 1.68 ± 6 ± 1.43 1.61 1.71 

    1.58 1.48    

Fl0 45 55 84.38 82.14 79.8 75.92 ± 81.37 ± 85.64 ± 

   ± 1.86 ± 3 ± 1.56 1.80 1.92 

    1.75 1.68    

Fl 1 55 45 84.92 82.48 80.1 76.42 ± 81.84 ± 85.96 ± 
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   ± 1.87 ± 4 ± 1.58 1.81 1.93 

    1.76 1.69    

F12 50 50 85.42 82.94 80.6 77.18 ± 82.42 ± 86.38 ± 

   ± 1.89 ± l ± 1.60 1.82 1.94 

    1.77 1.70    

Fl3 50 50 85.31 82.86 80.5 77.04 ± 82.31 ± 86.27 ± 

   ± 1.88 ± 4 ± 1.59 1.81 1.93 

    1.76 1.69    

 

Statistical Model Analysis 

The experimental responses were fitted into polynomial regression models using Design-Expert software. 

Analysis of variance confirmed that all developed models were statistically significant. 

The coefficient of determination values for all responses were above 0.98, demonstrating excellent correlation 

between predicted and experimental values. 

 

Table : 4  Statistical Parameters of the Developed Polynomial Models 

Response R2 Adjusted 

R2 

Predicted 

R2 

Adequate 

 

Precision 

p- 

 

Value 

DPPH inhibition 0.9914 0.9872 0.9816 28.74 <0.0001 

ABTS inhibition 0.9898 0.9846 0.9781 26.58 <0.0001 

LPO inhibition 0.9926 0.9889 0.9838 31.46 <0.0001 

AGE inhibition 0.9874 0.9815 0.9752 24.61 <0.0001 

a-Amylase 

 

inhibition 

0.9902 0.9851 0.9796 27.93 <0.0001 

a-Glucosidase 

 

inhibition 

0.9931 0.9894 0.9857 33.18 <0.0001 

 

The close agreement between adjusted and predicted 

R² values indicated good predictive capability of the 

developed models. Adequate precision values 

greater than 4 confirmed acceptable signal-to-noise 

ratios and suitability of the models for optimization. 

 

Polynomial Regression Analysis 

The regression equations generated for biological 

responses demonstrated positive interaction 

coefficients between the two herbal components. 

For DPPH radical scavenging activity: 

Y(DPPH) = 74.38A + 63.71B + 41.26AB 

For α-glucosidase inhibitory activity: 

Y(α-glucosidase) = 69.54A + 66.13B + 54.82AB 

The positive AB interaction coefficients indicated 

synergistic contribution of Urtica dioica and 

Momordica charantia extracts toward enhancement 

of pharmacological responses. 

 

Response Surface and Contour Plot Analysis 

Three-dimensional response surface plots and 

contour plots generated from the optimization model 

demonstrated the influence of extract proportions on 

biological responses. 

The graphical analysis revealed that maximum 

antioxidant and enzyme inhibitory activities were 

achieved in the region containing nearly equal 

proportions of both extracts. The elliptical contour 

patterns indicated significant interaction between 

formulation variables. 
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Figure 1  Three-Dimensional Response Surface Plot Showing Effect of Extract Ratio on DPPH 

Radical Scavenging Activity 

 
Figure 2  Contour Plot Showing Effect of Formulation Variables on Lipid Peroxidation Inhibition 

                                             

 
Figure 3 Response Surface Plot for a-Glucosidase Inhibitory Activity 
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These findings confirmed that balanced 

incorporation of Urtica dioica and Momordica 

charantia produced optimum pharmacological 

performance. 

 

Numerical Optimization and Validation 

Numerical optimization using desirability function 

analysis identified the optimized formulation 

containing: 

• Urtica dioica extract: 52.14% 

• Momordica charantia extract: 47.86% 

The optimized formulation demonstrated an overall 

desirability value of 0.982, indicating excellent 

optimization efficiency. 

The predicted responses of optimized formulation 

were: 

 

Table : 5 Predicted Responses of Optimized Formulation 

Response Predicted Value 

DPPH inhibition(%) 85.64 

ABTS inhibition (%) 83.18 

LPO inhibition (%) 80.92 

AGE inhibition(%) 77.46 

a-Amylase inhibition(%) 82.74 

a-Glucosidase inhibition(%) 86.83 

 

Validation studies confirmed close agreement between predicted and experimental values.  

 
Figure 4 Desirability Plot Showing Optimized Formulation Composition 

 

Table :6 Validation of Predicted Responses of Optimized Formulation 

Response Predicted 

 

Value 

Experimental 

 

Value 

Prediction

 E

rror 

 

(%) 

DPPH inhibition (%) 85.64 85.31 ± 1.88 -0.38 

ABTS inhibition(%) 83.18 82.86 ± 1.76 -0.38 

LPO inhibition (%) 80.92 80.54 ± 1.69 -0.47 

AGE inhibition(%) 77.46 77.04 ± 1.59 -0.54 

a-Amylase inhibition(%) 82.74 82.31 ± 1.81 -0.52 
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a-Glucosidase  inhibition 

 

(%) 

86.83 86.27 ± 1.93 -0.64 

 

The prediction errors were below 1%, confirming excellent model reliability and robustness. 

Antioxidant Activity Evaluation 

DPPH Radical Scavenging Activity 

The optimized formulation exhibited concentration-dependent enhancement of DPPH radical scavenging 

activity. 

 

Table 7 DPPH Radical Scavenging Activity of Extracts and Optimized Formulation 

Concentration 

 

(µg/mL) 

Urtica dioica 

(%) 

Momordica 

charantia (%) 

Optimized 

Formulation (%) 

Ascorbic 

Acid(%) 

25 28.41 ± 

 

0.82 

24.86 ± 0.76 34.72 ± 0.91 39.84 ± 0.95 

50 39.76 ± 

 

0.94 

35.22 ± 0.88 48.16 ± 1.08 54.62± 1.12 

100 54.32 ± 

 

1.18 

49.85 ± 1.09 65.74 ± 1.36 72.45 ± 1.48 

200 68.44 ± 

 

1.41 

63.18 ± 1.32 80.82 ± 1.69 87.26 ± 1.74 

400 78.16 ± 

 

1.62 

73.42 ± 1.54 92.36 ± 1.88 96.14 ± 1.96 

 

Table 8 IC50 Values of DPPH Radical Scavenging Activity 

Sample IC50 (µg/mL) 

Urtica dioica extract 91.84 

Momordica charantia extract 104.27 

Optimized formulation 61.52 

Ascorbic acid 42.38 

 

The optimized formulation demonstrated significantly lower IC50 value compared with individual extracts, 

confirming enhanced antioxidant potency. 

The increased activity may be attributed to synergistic interactions among phenolic compounds and flavonoids 

that improve hydrogen donation and electron transfer capacity. 
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Figure 5 Comparative DPPH Radical Scavenging Activity of Extracts and Optimized 

Formulation 

 
Figure 6 Comparative IC50 Values of DPPH Assay 

 

ABTS Radical Scavenging Activity 

The optimized formulation showed progressive concentration-dependent ABTS radical scavenging activity. 

 

Table 9 ABTS Radical Scavenging Activity of Extracts and Optimized Formulation 

Concentration 

 

(µg/mL) 

Urtica 

 

dioica (%) 

Momordica 

 

charantia (%) 

Optimized 

 

Formulation(%) 

Trolox 

 

(%) 

25 26.82 ± 

 

0.79 

23.64 ± 0.71 32.94 ± 0.86 37.18 ± 

 

0.92 

50 38.18 ± 

 

0.92 

34.42 ± 0.85 46.83 ± 1.04 52.36 ± 

 

1.10 

100 52.64 ± 47.83 ± 1.06 63.91 ± 1.32 70.22 ± 
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1.15 

 

1.44 

200 66.32 ± 

 

1.38 

61.24 ± 1.29 79.44 ± 1.66 85.61 ± 

 

1.71 

400 76.94 ± 

 

1.58 

71.56 ± 1.49 90.68 ± 1.84 95.32 ± 

 

1.91 

 

Table 10 ICSO Values of ABTS Radical Scavenging Activity 

Sample ICSO (µg/mL) 

Urtica dioica extract 97.46 

Momordica charantia extract 109.18 

Optimized formulation 65.83 

Trolox 46.72 

The enhanced ABTS scavenging activity further confirmed broad-spectrum antioxidant potential of the 

optimized polyherbal formulation. 

 
Figure 7 Comparative ABTS Radical Scavenging Activity of Extracts and Optimized Formulation 
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Figure 8 Comparative IC50 Values of ABTS Assay 

 

Lipid Peroxidation Inhibition Activity 

The optimized formulation demonstrated concentration-dependent inhibition of lipid peroxidation. 

 

Table 11 Lipid Peroxidation Inhibition Activity of Extracts and Optimized Formulation 

Concentration 

(µg/mL) 

Urtica dioica 

 

(%) 

Momordica charantia 

(%) 

Optimized 

Formulation 

(%) 

BHT(%) 

25 24.72 ± 0.76 21.38 ± 0.68 31.24 ± 0.84 36.82 ± 0.91 

50 36.48 ± 0.89 32.16 ± 0.82 45.73 ± 1.02 51.64 ± 1.08 

100 50.61 ± 1.12 46.82 ± 1.04 61.58 ± 1.28 68.42 ± 1.39 

200 64.73 ± 1.35 59.41 ± 1.24 77.16 ± 1.61 83.94 ± 1.69 

400 75.26 ± 1.56 69.74 ± 1.46 89.62 ± 1.82 94.83 ± 1.91 

 

Table 12 ICS0 Values of Lipid Peroxidation Inhibition Assay 

Sample ICS0 (µg/mL) 

Urtica dioica extract 101.36 

Momordica charantia extract 114.72 

Optimized formulation 68.24 

BHT 49.51 

 

The enhanced lipid protective effect may be attributed to flavonoids, phenolic acids, and tannins capable of 

interrupting oxidative chain reactions. 
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Figure 9 Comparative Lipid Peroxidatioo Inhibition Activity of Extracts and Optimized Formulation 

 
Figure 10 Comparative IC50 Values of Lipid Peroxidation Inhibition Assay 

 

ANTI-GLYCATION ACTIVITY 

Inhibition of Advanced Glycation End Product 

Formation 

The anti-glycation potential of individual extracts 

and optimized formulation was evaluated using the 

BSA-glucose glycation model system. Formation of 

advanced glycation end products (AGEs) is an 

important biochemical mechanism involved in 

diabetic complications. The optimized formulation 

exhibited concentration-dependent inhibition of 

AGE formation and demonstrated superior activity 

compared with individual extracts. 
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Table 13 Anti-Glycation Activity of Extracts and Optimized Formulation 

Concentration 

 

(µg/mL) 

Urtica 

dioica 

(%) 

Momordica 

charantia(%) 

Optimized 

Formulation 

(%) 

Aminoguanidine 

 

(%) 

25 18.72 ± 

 

0.64 

16.38 ± 0.58 26.44 ± 0.79 32.84 ± 0.88 

50 29.46 ± 

 

0.82 

25.94 ± 0.77 39.62 ± 0.96 47.16 ± 1.03 

100 43.72 ± 

 

1.01 

39.18 ± 0.95 56.38±1.18 64.84 ± 1.32 

200 58.84 ± 

 

1.24 

53.46 ± 1.18 72.14 ± 1.48 80.26 ± 1.61 

400 70.16 ± 

 

1.48 

65.83 ± 1.41 85.74 ± 1.73 92.18 ± 1.86 

 

Table 14 ICS0 Values of Anti-Glycation Activity 

Sample ICS0 (µg/mL) 

Urtica dioica extract 148.62 

Momordica charantia extract 161.44 

Optimized formulation 86.28 

Aminoguanidine 58.37 

 

The optimized formulation exhibited markedly 

lower IC50 value than individual extracts, indicating 

enhanced inhibition of AGE formation. 

The anti-glycation activity may be attributed to the 

presence of phenolic compounds and flavonoids 

capable of scavenging reactive carbonyl 

intermediates and reducing oxidative stress 

associated with glycation reactions. Since oxidative 

stress accelerates AGE formation, the antioxidant 

properties of the optimized formulation may 

contribute significantly toward suppression of 

glycation-mediated cellular damage. 

 

 
Figure 11 Comparative Anti-Glycation Activity of Extracts and Optimized Formulation 
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Figure 12 Comparative IC50 Values of Anti-Glycation Assay 

 

ENZYME INHIBITORY ACTIVITY 

α-Amylase Inhibitory Activity 

The α-amylase inhibitory activity was evaluated to determine the ability of extracts and optimized formulation 

to reduce carbohydrate digestion. The optimized formulation showed concentration-dependent inhibition of α-

amylase activity. 

 

Table 15 a-Amylase Inhibitory Activity of Extracts and Optimized Formulation 

Concentration 

(µg/mL) 

Urtica  dioica 

 

(%) 

Momordica 

charantia (%) 

Optimized 

Formulation 

(%) 

Acarbose (%) 

25 20.84 ± 0.68 18.92 ± 0.63 30.26 ± 0.81 36.18 ± 0.90 

50 34.26 ± 0.88 30.18 ± 0.82 46.74 ± 1.03 52.84±1.11 

100 49.38 ± 1.08 44.62± 1.01 63.81 ± 1.32 70.48 ± 1.43 

200 63.74 ± 1.34 58.16 ± 1.26 79.42 ± 1.65 86.62 ± 1.74 

400 74.92 ± 1.57 69.43 ± 1.48 91.38 ± 1.85 96.14 ± 1.92 

 

Table 16 ICS0 Values of a-Amylase Inhibitory Activity 

Sample ICS0 (µg/mL) 

Urtica dioica extract 108.84 

Momordica charantia extract 121.62 

Optimized formulation 70.46 

Acarbose 48.18 

 

The enhanced α-amylase inhibitory activity of the optimized formulation may be attributed to synergistic 

interaction of flavonoids, tannins, and terpenoidal constituents that may interact with enzyme catalytic regions 

and reduce starch hydrolysis. 
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Figure 13 Comparative a-Amylase Inhibitory Activity of Extracts and Optimized Formulation 

 

 
Figure 14 Comparative ICS0 Values of a-Amylase Inhibition Assay 

α-Glucosidase Inhibitory Activity 

 

The α-glucosidase inhibitory activity was evaluated using p-nitrophenyl-α-D-glucopyranoside as substrate. The 

optimized formulation demonstrated strong concentration-dependent inhibition. 

 

Table 17 a-Glucosidase Inhibitory Activity of Extracts and Optimized Formulation 

Concentration 

 

(µg/mL) 

Urtica llioica 

 

(%) 

Momorllica 

chllrantia(%) 

Optiinized 

Formulation 

(%) 

Acarbose 

 

(%) 

25 24.16 ± 0.73 21.82 ± 0.69 34.84 ± 0.89 40.63 ± 0.96 

50 38.74 ± 0.96 35.28 ± 0.89 51.62± 1.11 57.82 ± 1.18 

100 54.38 ± 1.17 49.74 ± 1.08 69.26 ± 1.41 75.46 ± 1.52 

200 68.92 ± 1.43 63.81 ± 1.34 84.73 ± 1.72 90.58 ± 1.81 

400 80.14± 1.66 74.92 ± 1.56 94.86 ± 1.93 98.34 ± 1.98 
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Table 18 ICS0 Values of a-Glucosidase Inhibitory Activity 

Sample ICS0 (µg/mL) 

Urtica dioica extract 88.62 

Momordica charantia extract 102.48 

Optimized formulation 56.34 

Acarbose 39.84 

 

The optimized formulation showed stronger α-glucosidase inhibition compared with individual extracts. The 

relatively higher inhibition of α-glucosidase compared with α-amylase may be beneficial because selective 

inhibition of α-glucosidase can delay glucose absorption while reducing gastrointestinal adverse effects 

associated with excessive α-amylase inhibition. 

 
Figure 15 Comparative a-Glucosidase Inhibitory Activity of Extracts and Optimized Formulation 

 
Figure 16 Comparative ICS0 Values of a-Glucosidase Inhibition Assay 
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SYNERGISTIC INTERACTION ANALYSIS 

The pharmacological evaluation demonstrated enhanced activity of the optimized formulation compared with 

individual extracts, suggesting synergistic interaction between Urtica dioica and Momordica charantia. 

 

Table 19 Combination Index Interpretation of Optimized Formulation 

Pharmacological Response Combination Index (CI) Interpretation 

DPPH radical scavenging activity 0.76 Synergistic 

ABTS radical scavenging activity 0.81 Synergistic 

Lipid peroxidation inhibition 0.73 Synergistic 

Anti-glycation activity 0.79 Synergistic 

a-Amylase inhibition 0.84 Synergistic 

a-Glucosidase inhibition 0.71 Synergistic 

 

All combination index values were below 1, 

confirming synergistic interaction. 

The synergistic activity may be attributed to 

complementary effects of phytoconstituents 

including: 

• Flavonoids 

• Phenolic acids 

• Tannins 

• Glycosides 

• Terpenoids 

• Saponins 

These compounds may contribute through multiple 

mechanisms including free radical scavenging, 

metal ion chelation, inhibition of oxidative lipid 

degradation, suppression of protein glycation, and 

inhibition of carbohydrate metabolizing enzymes. 

 
Figure 17  Synergistic Interaction Plot of Optimized Polyherbal Formulation 
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Figure 18 Comparative Pharmacological Performance of Individual Extracts and Optimized 

Formulation 

 

STABILITY STUDY OF OPTIMIZED FORMULATION 

The optimized formulation was subjected to short-term stability evaluation for 30 days under controlled storage 

conditions. 

The formulation remained physically stable without phase separation, precipitation, microbial contamination, or 

significant colour alteration. 

 

Table 20 Stability Study of Optimized Polyherbal Formulation 

Parameter Initial 15 Days 30 Days 

Appearance Uniform semisolid No change No change 

Color Dark brownish green No significant 

 

change 

Slight 

 

darkening 

Odor Characteristic herbal 

 

odor 

No change No change 

pH 6.42 ± 0.08 6.38 ± 0.07 6.34 ± 0.09 

DPPH inhibition(%) 85.3l ± 1.88 84.62 ± 1.81 83.94 ± 1.78 

a.-Glucosidase 

inhibition 

 

(%) 

86.27 ± 1.93 85.54 ± 1.86 84.81 ± 1.82 

 

Only slight reduction in pharmacological activity was observed during storage, indicating acceptable short-term 

stability of the optimized formulation. 
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Figure 19 Stability Profile of Optimized Formulation During Storage 

 

6.1 Summary 

The present investigation was undertaken 

to develop and optimize a scientifically validated 

polyherbal formulation containing hydroethanolic 

extracts of Urtica dioica and Momordica charantia 

using a Quality by Design (QbD)-based D-optimal 

mixture design approach and to evaluate its in vitro 

antioxidant, anti-glycation, and enzyme inhibitory 

activities. Diabetes mellitus and its associated 

metabolic complications are strongly influenced by 

oxidative stress, excessive formation of advanced 

glycation end products (AGEs), and impaired 

regulation of carbohydrate metabolism. The 

continuous generation of reactive oxygen species 

(ROS) and accumulation of AGEs contribute 

significantly to the progression of diabetic 

complications including nephropathy, retinopathy, 

neuropathy, and cardiovascular disorders. Therefore, 

development of multi-target therapeutic approaches 

capable of simultaneously regulating oxidative 

stress, glycation processes, and postprandial glucose 

elevation remains an important area of 

pharmacological research. 

In the present study, hydroethanolic 

extracts of Urtica dioica leaves and Momordica 

charantia fruits were prepared using Soxhlet 

extraction with 70% hydroethanolic solvent. The 

obtained extracts exhibited satisfactory extractive 

yields and demonstrated the presence of diverse 

bioactive phytoconstituents including phenolic 

compounds, flavonoids, tannins, glycosides, 

saponins, and terpenoids. Preliminary 

phytochemical screening confirmed the presence of 

secondary metabolites associated with antioxidant 

and anti-diabetic activities. 

Quantitative phytochemical estimation 

revealed appreciable total phenolic and flavonoid 

contents in both extracts, with the optimized 

formulation exhibiting enhanced levels due to the 

combined contribution of phytoconstituents from 

both herbal components. A QbD-assisted D-optimal 

mixture design was successfully employed using 

Design-Expert software to optimize the ratio of 

Urtica dioica and Momordica charantia extracts. 

Multiple pharmacological responses, including 

DPPH radical scavenging activity, ABTS radical 

scavenging activity, lipid peroxidation inhibition, 

anti-glycation activity, α-amylase inhibition, and α-

glucosidase inhibition, were selected as critical 

quality attributes for optimization. 

The developed polynomial models 

demonstrated excellent statistical significance, high 

coefficient of determination values, and satisfactory 

model diagnostic parameters, confirming the 

reliability and predictive capability of the 

optimization approach. Response surface and 

contour plot analyses demonstrated significant 

interaction between the two extract components, 

with formulations containing nearly equal 

proportions of both extracts showing superior 

biological responses. Numerical optimization 

identified the optimized formulation containing 

52.14% Urtica dioica extract and 47.86% 
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Momordica charantia extract with a high 

desirability value of 0.982. 

The optimized formulation exhibited 

significant antioxidant potential through 

concentration-dependent DPPH and ABTS radical 

scavenging activities and effective inhibition of lipid 

peroxidation. The significantly lower IC50 values 

observed for the optimized formulation compared 

with individual extracts indicated enhanced 

antioxidant potency resulting from synergistic 

phytochemical interactions. 

The anti-glycation evaluation performed 

using the BSA-glucose model demonstrated 

significant inhibition of advanced glycation end 

product formation by the optimized formulation. 

The observed activity suggested that the formulation 

could effectively reduce glycation-associated 

oxidative damage through the combined action of 

antioxidant phytoconstituents. 

The enzyme inhibitory studies revealed 

significant inhibition of α-amylase and α-

glucosidase activities by the optimized formulation. 

The formulation demonstrated comparatively 

stronger α-glucosidase inhibition, indicating its 

potential role in controlling postprandial 

hyperglycaemia by delaying carbohydrate digestion 

and glucose absorption. 

Synergistic interaction analysis confirmed 

that the combined formulation exhibited superior 

pharmacological activity compared with individual 

extracts. Combination index values below unity 

demonstrated synergistic interaction between the 

phytoconstituents of Urtica dioica and Momordica 

charantia. Short-term stability studies further 

confirmed acceptable physicochemical and 

biological stability of the optimized formulation 

under controlled storage conditions. 

Overall, the present investigation 

successfully established the development of a QbD-

optimized polyherbal formulation possessing 

significant antioxidant, anti-glycation, and anti-

diabetic potential, providing scientific evidence for 

its further investigation as a multi-target herbal 

therapeutic system. 

 

6.2 Conclusion 

The present study successfully 

demonstrated the development, optimization, and in 

vitro pharmacological evaluation of a QbD-assisted 

polyherbal formulation containing Urtica dioica and 

Momordica charantia. The findings established that 

systematic optimization of herbal combinations 

using a D-optimal mixture design approach 

significantly enhanced biological performance 

through synergistic phytochemical interactions. 

The hydroethanolic extracts of both plants 

contained abundant phenolic and flavonoidal 

constituents responsible for their antioxidant and 

therapeutic activities. The optimized formulation 

exhibited superior antioxidant effects, including 

enhanced free radical scavenging activity and 

inhibition of lipid peroxidation, along with 

significant suppression of advanced glycation end 

product formation. 

The formulation also demonstrated 

effective inhibition of carbohydrate-hydrolyzing 

enzymes, particularly α-glucosidase, suggesting its 

potential role in regulating postprandial glucose 

elevation. The enhanced pharmacological 

performance of the optimized formulation was 

attributed to synergistic interactions among 

flavonoids, phenolic acids, tannins, glycosides, 

triterpenoids, and other bioactive constituents 

present in both extracts. 

The QbD framework proved to be an 

effective strategy for systematic formulation 

optimization by establishing predictive 

mathematical relationships between extract 

composition and biological responses. The 

developed models demonstrated excellent 

predictability, reproducibility, and robustness, 

confirming the suitability of the approach for 

designing scientifically validated polyherbal 

formulations. 

The combined antioxidant, anti-glycation, 

and enzyme inhibitory activities demonstrated by 

the optimized formulation indicate its potential as a 

multi-target herbal intervention for oxidative stress 

and diabetes-associated metabolic complications. 

Therefore, the optimized Urtica dioica-Momordica 

charantia formulation represents a promising 

candidate for further pharmacological development 

and translational research. 
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