
Jurnal Pembelajaran Dan Biologi Nukleus                            p-ISSN: 2442-9481 

Vol 12 (1): 50 - 63, March 2026                                                 e-ISSN: 2685-7332 
 

 Buana et al., (2026). Effectiveness of Clitoria ternatea L. Nanoherbal on Blood Glucose and … | 50 

Effectiveness of Clitoria ternatea L. Nanoherbal on Blood Glucose 

and Malondialdehyde Levels of Hyperglycemic Rats 
 

Cahya Buana, Wulan Christijanti(*), Ari Yuniastuti 

 

Department of Biology, Universitas Negeri Semarang, 

Kampus UNNES Sekaran, Gunungpati, Semarang, Indonesia 

 

*Corresponding author:  wulan.christijanti@mail.unnes.ac.id 

 

Submitted December 31 Th 2025, and Accepted February 28 Th 2026 

 

 

Abstract 

 

Background: Hyperglycemia induces excessive production of reactive oxygen species (ROS), 
leading to oxidative stress and lipid peroxidation characterized by increased malondialdehyde 

(MDA) levels. This study evaluated the effectiveness of butterfly pea flower nanoherbal formulated 
as alginate-based nanoparticles using the ionic gelation method in reducing blood glucose and 

MDA levels in hyperglycemic rats. Methodology: 25 male Wistar rats (Rattus norvegicus) were 

divided into five groups: normal control (NC), metformin control (MC), and three nanoherbal 
treatment groups (NT1, NT2, and NT3) receiving doses of 12.5, 25, and 50 mg/kg body weight 
(BW), respectively. Hyperglycemia was induced by a single intraperitoneal injection of alloxan 

monohydrate (125 mg/kg BW). Blood glucose was measured on days 1, 14, and 28, while MDA 
levels were analyzed on day 28 using the TBARS method. The analysis of blood glucose levels 
was conducted using a Repeated Measures Two-Way ANOVA followed by a Bonferroni post hoc 

test, while MDA data were evaluated through a One-Way ANOVA with Duncan’s multiple 

range test (p < 0.05). Findings: A significant, dose-dependent reduction in blood glucose levels 
was observed following nanoherbal treatment. The NT3 group (50 mg/kg BW) showed the 

greatest reduction, with mean glucose decreasing from 471.4 ± 142.00 mg/dL on day 1 to 146.4 
± 68.58 mg/dL on day 28. MDA levels also differed significantly, with NT3 showing 2.84 ± 

0.19 nmol/mL, indicating lower oxidative stress. Contributions: These findings indicate that 
alginate-based butterfly pea nanoherbal can reduce blood glucose and MDA levels in 
hyperglycemic rats, suggesting its potential role in improving glycemic control and reducing 

oxidative stress under hyperglycemic conditions. 
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INTRODUCTION  

Hyperglycemia is defined as a state in which blood glucose levels are elevated due to 

disruptions in insulin secretion, reduced sensitivity to insulin, or diminished glucose 

uptake by peripheral tissues (Galicia-Garcia et al., 2020). An elevated risk of diabetes 

mellitus and related metabolic disorders is strongly associated with this condition. 

According to American Diabetes Association (2019), One of the diagnostic criteria for 

hyperglycemia and diabetes mellitus is defined by blood glucose levels reaching or 

exceeding 200 mg/dL when measured two hours following an oral glucose tolerance 

test, while Perkumpulan Endokrinologi Indonesia (2019) establishes a similar 

diagnostic threshold as an indicator of impaired glucose tolerance. Chronic 

hyperglycemia triggers excessive production of reactive oxygen species (ROS), leading 

to oxidative stress and pancreatic β-cell damage through inflammatory mechanisms 

and lipid peroxidation (Volpe et al., 2018). 

During conditions of oxidative stress, the formation of advanced glycation end-

products (AGEs) is promoted by reactive oxygen species (ROS). These AGEs 

subsequently interact with their receptor (RAGE), leading to the activation of 

proinflammatory signaling pathways, including nuclear factor kappa B (NF-κB), 

which in turn intensifies cellular damage (Nsonwu-Anyanwu et al., 2019). 

Malondialdehyde (MDA), a final product of lipid peroxidation, is widely recognized 

as a key biomarker of oxidative injury, as its levels reflect the degree of cell membrane 

damage induced by ROS (Angelé-Martínez et al., 2022). Therefore, therapeutic 

approaches capable of reducing blood glucose levels while simultaneously suppressing 

oxidative stress are required to improve metabolic conditions under hyperglycemic 

states (Rehman & Akash, 2016). 

The butterfly pea flower (Clitoria ternatea L.) has been widely recognized as a 

source of various bioactive constituents, such as flavonoids, anthocyanins, alkaloids, 

and saponins, which are associated with antioxidant, anti-inflammatory, and 

antihyperglycemic properties (Athallah et al., 2024). Lipid peroxidation can be 

inhibited and NF-κB activation suppressed by flavonoids, which also act as radical 

scavengers and contribute to the enhancement of endogenous antioxidant enzyme 

activity (Xu et al., 2022). Antidiabetic effects are exhibited by saponins through 

mechanisms involving increased insulin secretion, improved insulin sensitivity, and 

reduced intestinal glucose absorption (Lampa et al., 2018). The antidiabetic potential 

of butterfly pea flower extract has been supported by several in vivo investigations 

employing diabetic animal models. For instance, a significant reduction in blood 

glucose levels in alloxan-induced diabetic rats was reported following the 

administration of C. ternatea flower extract, highlighting its promise as a plant-derived 

therapeutic agent (Rajamanickam et al., 2015). 

However, the effectiveness of conventional herbal extracts remains limited by 

low stability, solubility, and bioavailability of active compounds (Mishra et al., 2018). 

Advances in nanoherbal technology offer a promising strategy to enhance the efficacy 

of bioactive compounds by improving absorption, protecting them from enzymatic 

degradation, and enabling more controlled release (Yang et al., 2022). Previous studies 

have demonstrated that butterfly pea–based nanoparticles exhibit stronger biological 

activities than their conventional extracts. Several studies have explored nanoparticle 
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formulations of C. ternatea to improve its biological activity. For instance,                         

Mobasher et al., (2023) developed chitosan nanoparticles containing C. ternatea extract 

and reported enhanced antidiabetic activity compared to the crude extract. Similarly,  

Sa et al., (2023) synthesized gold and cobalt nanoparticles using butterfly pea extract 

and observed increased antioxidant and antidiabetic properties. In addition,                          

Alahmdi et al., (2022) reported The green synthesis of zinc oxide (ZnO) nanoparticles 

utilizing butterfly pea extract has been documented. Nevertheless, these investigations 

have largely emphasized nanoparticle fabrication or only conducted limited biological 

assessments, thereby underscoring the necessity for more comprehensive studies to 

evaluate the therapeutic efficacy of butterfly pea–based nanoformulations in diabetic 

conditions linked to oxidative stress. 

Nevertheless, nanoherbal research on butterfly pea remains predominantly 

focused on metal-based and chitosan-based nanoparticles, which present limitations 

related to biocompatibility, stability, and potential long-term toxicity. To date, no 

studies have formulated C. ternatea nanoherbal using sodium alginate as an 

encapsulation matrix, despite alginate being recognized as a safe, biodegradable, and 

stable natural polymer suitable for ionic gelation techniques (Abourehab et al., 2022). 

Moreover, there has been no comprehensive evaluation of alginate-based butterfly pea 

flower nanoherbal on alloxan-induced hyperglycemic rats using both blood glucose 

and MDA levels as parameters. This highlights a critical research gap, considering the 

need for a more effective and safer herbal delivery system. 

Based on this gap, the present study aimed to formulate butterfly pea flower 

nanoherbal using sodium alginate and calcium chloride as ionic gelation agents and to 

evaluate its effectiveness in reducing blood glucose and malondialdehyde (MDA) 

levels in alloxan-induced hyperglycemic rats. The findings of this study are expected 

to contribute to the development of a more effective, stable, and sustainable nano-

based herbal therapy for managing oxidative stress and hyperglycemia. 

 

METHOD  

Experimental Design 

A laboratory-based experimental approach was applied in this study using a 

Completely Randomized Design (CRD) with a post-test only control group scheme. 

The research was conducted over the period of June to September 2025. Animal care 

procedures and blood glucose assessments were carried out in the Biology Laboratory 

and the Animal Physiology Laboratory, Faculty of Mathematics and Natural Sciences 

(FMIPA), Universitas Negeri Semarang. The preparation of extracts and the 

formulation of butterfly pea flower nanoherbal were performed at the Chemical 

Research Laboratory Unit of FMIPA, Universitas Negeri Semarang. Measurement of 

malondialdehyde (MDA) levels was undertaken at the Integrated Research and 

Testing Laboratory, Universitas Gadjah Mada. 

 

Plant Material and Extraction 

Dried butterfly pea flowers (Clitoria ternatea L.) were obtained from a 

traditional herbal market in Bandungan, Ungaran, Central Java, Indonesia. The plant 
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material was identified based on its morphological characteristics according to 

standard botanical references for Clitoria ternatea. 

Dried butterfly pea flowers (200 g) were first pulverized and passed through a 

40-mesh sieve. Maceration was then carried out using 96% ethanol at a 1:3 ratio                    

(600 mL) for 24 hours at ambient temperature, with agitation performed three times 

per day. The resulting solution was filtered through Whatman No. 1 filter paper, after 

which a second maceration step was conducted for an additional 24 hours using the 

same solvent. The collected filtrates were pooled and subsequently concentrated with 

a rotary evaporator. Final drying of the extract was achieved using a water bath 

maintained at 45°C. Preliminary phytochemical screening of the butterfly pea flower 

extract was conducted to detect the presence of major secondary metabolites, including 

flavonoids, phenolics, alkaloids, and saponins, using standard qualitative methods. 

 

Nanoherbal Formulation 

The ionic gelation method was employed for the preparation of the nanoherbal 

formulation. At the initial stage, 500 mg of extract was dissolved in 2.5 mL of 96% 

food-grade ethanol, then brought to a final volume of 50 mL with distilled water and 

homogenized. A volume of 1 mL of 0.1% sodium alginate solution was magnetically 

stirred until a homogeneous mixture was achieved, after which 1 mL of the extract 

solution was added and the mixture was agitated for 30 minutes at 1500 rpm. The 

cross-linking process was initiated by introducing 5 mL of 0.02% CaCl₂ solution, 

followed by further stirring for 60 minutes at the same speed. Subsequently, the 

suspension was sonicated for 60 minutes to achieve particle size reduction. The entire 

nanoparticle formulation procedure was conducted in triplicate to ensure consistency 

and reproducibility (Ariani & Purwanto, 2021). A volume of 1 mL of nanoparticles 

was analyzed using a Particle Size Analyzer (PSA; Horiba SZ-100) to determine 

particle size and confirm that it fell within the range of 50–500 nm (Samudra et al., 

2021). 

 

Experimental Animals 

Male Wistar rats aged 8 weeks, with body weights ranging from 170 to 200 g, 

were utilized as experimental subjects. A 7-day acclimatization period was 

implemented prior to treatment under controlled conditions, including a temperature 

of 24–26°C, relative humidity of approximately 70%, and a 12-hour light–dark 

photoperiod, with free access to standard feed and water. The rats (n = 25) were 

randomly assigned into five groups (five rats per group), consisting of a normal control, 

a metformin-treated group (400 mg/kg BW) as a standard antidiabetic comparator 

(Radenković et al., 2016), and three groups receiving nanoherbal treatments, 

designated as NT1 (12.5 mg/kg BW), NT2 (25 mg/kg BW), and NT3 (50 mg/kg BW). 

Approval for the experimental procedures was obtained from the Health                                

Research Ethics Committee, Faculty of Medicine, Universitas Diponegoro                    

(Approval No. 132/EC/KEPK/FK-UNDIP/VI/2025). 
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Induction of Hyperglycemia 

Alloxan induction and oral treatments were conducted after the 7-day 

acclimatization period. Prior to induction, the rats underwent fasting for 8–12 hours, 

after which alloxan monohydrate was administered intraperitoneally at a dose                    

of 125 mg/kg BW. Hyperglycemic status was confirmed three days following 

induction by measuring blood glucose levels from the tail vein using a glucometer, with 

values ≥150 mg/dL indicating hyperglycemia. Treatments were administered for                   

28 days. The metformin control group received metformin, while the treatment groups 

received butterfly pea flower nanoherbal according to their respective doses. The 

normal control group received no treatment. 

 

Biochemical Analysis 

Following an 8–12 hour fasting period, blood glucose concentrations were 

assessed from tail vein samples using a glucometer on days 1, 14, and 28.                                     

For malondialdehyde (MDA) determination, plasma samples were obtained on day 

28 through retro-orbital sinus collection. The quantification of MDA was carried out 

using the Thiobarbituric Acid Reactive Substances (TBARS) colorimetric assay 

according to Fauziah et al., (2018). In brief, plasma was combined with a thiobarbituric 

acid (TBA) reagent containing trichloroacetic acid (TCA) and hydrochloric acid, 

followed by incubation at 95°C for 30 minutes to facilitate the formation of                                     

the MDA–TBA complex. After cooling, the mixture was centrifuged, and                                   

the absorbance of the supernatant was measured at 532 nm using a spectrophotometer. 

MDA concentrations were subsequently determined using a standard calibration curve 

and expressed in nmol/mL. 

 

Statistical Analysis 

A Repeated Measures Two-Way ANOVA followed by Bonferroni post hoc 

testing was applied to analyze blood glucose data, while MDA values were examined 

using a One-Way ANOVA accompanied by Duncan’s post hoc test. The statistical 

procedures were performed using IBM SPSS Statistics version 27                                                        

(IBM Corp., Armonk, NY, USA), with the level of significance set at α = 0.05. 

 

RESULT AND DISCUSSION 

The results showed that blood glucose levels of rats on the first day after alloxan 

induction were within the hyperglycemic range, exceeding 150 mg/dL. This 

hyperglycemic status served as the basis for the homogeneity of                                                        

baseline conditions across all treatment groups, except for the normal control group, 

and was consistent with the diagnostic criteria for                                                                               

hyperglycemia established by (American Diabetes Association (2019);                             

Perkumpulan Endokrinologi Indonesia (2019). 

The effectiveness of butterfly pea flower (Clitoria ternatea L.) nanoherbal in 

ameliorating hyperglycemic conditions in alloxan-induced male Wistar rats was 

assessed through blood glucose measurements. The induction of hyperglycemia by 
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alloxan is recognized to selectively impair pancreatic β-cells via the generation of 

reactive oxygen species (ROS), resulting in decreased insulin secretion and elevated 

blood glucose levels (González et al., 2023; Chen et al., 2025). Accordingly, blood 

glucose levels were utilized as the principal indicator of disturbances in glucose 

metabolism. 

Repeated Measures ANOVA showed that blood glucose levels differed 

significantly across observation times (p < 0.001), indicating significant glycemic 

changes throughout the treatment period. Bonferroni post hoc analysis confirmed 

significant differences between day 1, day 14, and day 28 (p < 0.01). Meanwhile,                     

One-Way ANOVA analysis of malondialdehyde (MDA) levels revealed significant 

differences among treatment groups (p < 0.05). Duncan’s post hoc test confirmed that 

the medium- and high-dose groups exhibited significantly lower MDA levels 

compared with the positive control and low-dose groups, indicating a dose-dependent 

antioxidant response. 

Blood glucose measurements on day 1 showed a clear distinction between the 

normal group and all alloxan-induced groups (Table 1). The normal group exhibited a 

blood glucose level of 93.0 ± 15.80 mg/dL, which was within the physiological range. 

In contrast, the positive control group demonstrated a markedly elevated blood glucose 

level of 374.6 ± 156.22 mg/dL. More severe hyperglycemic conditions were also 

observed in the treatment groups, with values of 432.8 ± 120.91 mg/dL                                                    

in NT1, 522.0 ± 141.36 mg/dL in NT2, and 471.4 ± 142.00 mg/dL in NT3. These 

elevated glucose levels confirmed the successful induction of hyperglycemia by alloxan 

through pancreatic β-cell damage and disruption of glucose                                                      

homeostasis (Utami et al., 2024). 

 Table 1. Mean Blood Glucose Levels of Rats (Rattus norvegicus) 

Group Blood Glucose Levels (mg/dL) 

Day 1 Day 14 Day 28 

Normal control 93.0 ± 15.80 92.6 ± 7.27 89.8 ± 7.33 

Metformin control 374.6 ± 156.22  268.0 ± 156.22 178.6 ± 92.06 

NT1 432.8 ± 120.91  375.6 ± 168.57 236.6 ± 96.78 

NT2 522.0 ± 141.36     168.8 ± 48.84 155.0 ± 21.02 

NT3 471.4 ± 142.00     313.0 ± 96.68 146.4 ± 68.58 

Note: Data are presented as mean ± standard deviation. Statistical analysis was 

performed using repeated-measures ANOVA followed by Bonferroni post hoc test                       

(p < 0.05). NT1 = nanoherbal butterfly pea 12.5 mg/kg BW; NT2 = 25 mg/kg BW; 
NT3 = 50 mg/kg BW. 

Following treatment administration, reductions in blood glucose levels varied 

among groups. On day 28, the normal group maintained stable blood glucose levels at 

89.8 ± 7.33 mg/dL. A reduction in blood glucose levels to 178.6 ± 92.06 mg/dL was 

observed in the positive control group receiving metformin, although these values still 

exceeded the normal range. The antihyperglycemic action of metformin is primarily 

mediated through the activation of AMP-activated protein kinase (AMPK), which 

leads to the inhibition of hepatic gluconeogenesis and the enhancement of glucose 

uptake in peripheral tissues without causing hypoglycemia (Cicih et al., 2022). 
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A greater decline in blood glucose levels was detected in the groups treated 

with butterfly pea flower nanoherbal, with the effect showing a dose-dependent 

pattern. Blood glucose levels in the NT1 group (12.5 mg/kg BW) were recorded at 

236.6 ± 96.78 mg/dL, remaining within the hyperglycemic range. Conversely, lower 

values were obtained in the NT2 (25 mg/kg BW) and NT3 (50 mg/kg BW) groups, 

measuring 155.0 ± 21.02 mg/dL and 146.4 ± 68.58 mg/dL, respectively, both of which 

differed significantly from the NT1 group (p < 0.05). This pattern indicates that 

increasing doses of butterfly pea flower nanoherbal enhanced antihyperglycemic 

effects up to an optimal dose, consistent with previous reports on the antidiabetic 

activity of Clitoria ternatea (Sa et al., 2023; Pangondian et al., 2023). 

The more optimal reduction in blood glucose levels observed in the NT2 and 

NT3 groups indicates that increasing doses of butterfly pea flower nanoherbal were 

associated with greater antihyperglycemic effects (Figure 1). However,                                      

the effectiveness of glucose reduction did not increase linearly with dose, as the NT3 

group did not demonstrate substantially greater improvement compared to the NT2 

group. This finding indicates the presence of an optimal effective dose, in which the 

medium dose was sufficient to elicit a maximal biological response in lowering blood 

glucose levels. 

 
Figure 1. Changes in blood glucose levels of rats (Rattus norvegicus) on days 1, 14, and 

28 during butterfly pea flower nanoherbal treatment. Values are presented 

as mean ± standard deviation (SD). Statistical significance was analyzed 
using repeated-measures ANOVA followed by Bonferroni post hoc test                    

(p < 0.05). 

The antihyperglycemic effect of butterfly pea flower nanoherbal can be 

explained by its major bioactive compounds, namely saponins and flavonoids. 

Saponins are known to exhibit mechanisms partially comparable to metformin by 

enhancing insulin sensitivity through activation of the AMPK pathway, suppressing 

hepatic gluconeogenesis, and promoting GLUT-4 translocation in muscle and adipose 
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tissues (El Barky et al., 2017). In addition, the amphiphilic properties of saponins allow 

interaction with the intestinal membrane, potentially reducing SGLT-1 transporter 

activity and thereby inhibiting glucose absorption (Athallah et al., 2024). 

The restoration of metabolic energy balance is supported by improved glucose 

regulation, as indicated by the progressive decline in blood glucose levels approaching 

near-normal values in the medium- and high-dose treatment groups. These results are 

in agreement with earlier studies demonstrating that glycemic control in diabetic 

animal models can be improved through the administration of Clitoria ternatea L. 

extracts or their nanoformulations, primarily via enhanced glucose utilization and 

protective effects on pancreatic function (Simangunsong et al., 2023;                                      

Mobasher et al., (2023). 

In addition to their role in glucose regulation, saponins and flavonoids also 

exhibit antioxidant activity that contributes to the control of oxidative stress. Chronic 

hyperglycemia is known to form a pathological cycle with oxidative stress, in which 

elevated blood glucose levels stimulate the generation of reactive oxygen species 

(ROS), while excessive ROS accumulation exacerbates insulin resistance and 

pancreatic β-cell damage (Widowati et al., 2023). This relationship is reflected in 

malondialdehyde (MDA) levels as an end product of lipid peroxidation. 

In this study, groups with higher blood glucose levels also exhibited elevated 

MDA concentrations, as shown in (Table 2). The NT1 group, which had a day-28 

blood glucose level of 236.6 ± 96.78 mg/dL, also showed the highest MDA level at 

6.24 ± 0.44 nmol/mL. In contrast, the NT2 and NT3 groups, which demonstrated 

better reductions in blood glucose levels, also exhibited significantly lower MDA 

levels. The NT2 group showed an MDA level of 3.86 ± 0.29 nmol/mL, while the NT3 

group exhibited an even lower MDA level of 2.84 ± 0.19 nmol/mL, approaching that 

of the normal group (0.98 ± 0.20 nmol/mL). This pattern is consistent with previous 

reports indicating that reductions in blood glucose levels are to be associated with 

decreased lipid peroxidation in experimental diabetic models (Angie et al., 2024; 

Widowati et al., 2024). 

 Table 2. Mean Malondialdehyde (MDA) Levels of Rats (Rattus norvegicus) 

Group MDA Levels (nmol/mL) 

Normal control 0.98 ± 0.20a 

Metformin control 3.76 ± 0.12b 

NT1 6.24 ± 0.44c 

NT2 3.86 ± 0.29b 

NT3 2.84 ± 0.19b 

Note: Data are presented as mean ± standard deviation. Different superscript letters 

indicate significant differences among groups (p < 0.05). NT1 = nanoherbal butterfly 
pea 12.5 mg/kg BW; NT2 = 25 mg/kg BW; NT3 = 50 mg/kg BW. 

As illustrated in Figure 2, MDA levels indicate that butterfly pea flower 

nanoherbal not only improves impaired glucose metabolism but also suppresses 

oxidative stress through the antioxidant activity of flavonoids. Flavonoids are known 

to neutralize reactive oxygen species (ROS) and activate the Nrf2 pathway as a primary 

mechanism of cellular antioxidant defense, thereby contributing to the suppression of 
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lipid peroxidation and oxidative stress (Suraweera et al., 2020). The synergistic 

interaction between the antihyperglycemic effects of saponins and the antioxidant 

activity of flavonoids enables the disruption of the pathological cycle between 

hyperglycemia and oxidative stress, as previously reported for nanoformulations of 

Clitoria ternatea L. (Mobasher et al., 2023). 

 
Figure 2. Malondialdehyde (MDA) levels of rats (Rattus norvegicus) after 28 days of 

butterfly pea flower nanoherbal treatment. Data are expressed as mean 

values accompanied by standard deviation (SD), and statistical differences 
among groups are indicated by distinct superscript letters (P < 0.05). 

 

A strong association between metabolic dysregulation and oxidative stress was 

further supported by the observed relationship between decreased blood glucose levels 

and reduced MDA concentrations in this study. The scavenging of reactive oxygen 

species (ROS) and the suppression of AGE–RAGE and NF-κB signaling pathways are 

mediated by flavonoids, leading to attenuation of inflammatory responses and lipid 

peroxidation. Meanwhile, enhanced insulin sensitivity and protection of pancreatic β-

cells against oxidative injury are attributed to saponins. Through the combined action 

of these bioactive compounds, the pathological cycle linking hyperglycemia and 

oxidative stress is disrupted, as evidenced by concurrent declines in blood glucose 

levels and MDA concentrations in the treated groups. 

Increasing doses of butterfly pea flower nanoherbal exhibited differential 

effectiveness in improving hyperglycemia and oxidative stress. For the blood glucose 

parameter, dose escalation tended to be associated with reduced glucose levels, 

particularly at doses of 25–50 mg/kg BW. This relationship indicates the 

antihyperglycemic potential of butterfly pea flower nanoherbal, although the glucose-

lowering response did not increase proportionally with dose. This observation is 
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supported by regression analysis results showing that the contribution of dose to 

variations in blood glucose levels remained limited (R² = 0.196), with a negative 

regression coefficient (B = −2.111), indicating that glucose reduction effects were 

moderate and influenced by other physiological factors, such as the extent of 

pancreatic β-cell damage caused by alloxan induction. 

In contrast, the effectiveness of butterfly pea flower nanoherbal dosage on 

oxidative stress reduction exhibited a more consistent and robust pattern. Increasing 

doses were clearly associated with decreased MDA levels, particularly in the medium- 

and high-dose groups, reflecting a dose-dependent antioxidant response. The strength 

of this relationship was supported by regression analysis results indicating that most of 

the variation in MDA levels could be explained by the treatment (R² = 0.803), with a 

strong negative association, confirming that increasing nanoherbal doses effectively 

suppressed lipid peroxidation. 

Based on these statistical analyses, the present study indicates that butterfly pea 

flower nanoherbal functions not only as an antihyperglycemic agent but also exhibits 

effective antioxidant activity in reducing oxidative stress, which is consistent with the 

findings reported by Zahra et al., (2024). The most pronounced effect was observed at 

the 50 mg/kg BW dose, at which reductions in blood glucose levels and MDA 

concentrations toward near-normal ranges were achieved, thereby supporting the 

potential application of butterfly pea flower nanoherbal as a complementary therapy 

that concurrently targets metabolic dysfunction and oxidative stress. 

In summary, effective reductions in blood glucose levels and oxidative stress in 

alloxan-induced hyperglycemic rats were demonstrated by the butterfly pea flower 

nanoherbal (Clitoria ternatea L.). A dose-dependent response was observed up to a 

certain limit, with the 50 mg/kg BW dose yielding the most optimal outcome. The 

stability and bioavailability of saponins and flavonoids are presumed to be enhanced 

by the nanoherbal formulation, thereby improving their antihyperglycemic and 

antioxidant effects (Yu et al., 2024). Collectively, these results support the potential 

use of butterfly pea flower nanoherbal as a complementary phytotherapeutic agent 

capable of simultaneously ameliorating metabolic dysfunction and oxidative stress in 

diabetes mellitus. 

 

CONCLUSION 

A significant reduction in blood glucose levels in alloxan-induced 

hyperglycemic rats was demonstrated by the administration of butterfly pea flower 

nanoherbal (Clitoria ternatea L.). After 28 days of treatment, the NT3 group (50 mg/kg 

BW) showed the lowest blood glucose level (146.4 ± 68.58 mg/dL), followed by NT2 

(155.0 ± 21.02 mg/dL), indicating a strong antihyperglycemic effect compared with 

the lower-dose treatment group NT1. In addition, nanoherbal administration also 

reduced oxidative stress, as indicated by lower malondialdehyde (MDA) levels in the 

NT3 group (2.84 ± 0.19 nmol/mL) compared to NT1 (6.24 ± 0.44 nmol/mL). These 

findings suggest that the antihyperglycemic effect of butterfly pea flower nanoherbal 

may be associated with its antioxidant activity, thereby facilitating a decrease in 

oxidative stress under hyperglycemic conditions. Nevertheless, the study was 
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constrained by a relatively limited sample size and the reliance on a single oxidative 

stress biomarker (MDA); therefore, further investigations incorporating additional 

biochemical and molecular indicators are needed to provide a more comprehensive 

understanding of the underlying mechanisms. 
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