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Abstract: This study investigates the antihyperglycemic effects of
Gymnema inodorum (Chiang Da), a traditional medicinal plant from
northern Thailand, commonly used for managing blood glucose levels.
The goal was to evaluate its pharmacological effects, including the
inhibition of alpha-glucosidase and its ability to lower blood glucose
levels in Type 2 diabetic rats. Ethanol maceration was used to extract
bioactive compounds from Chiang Da leaves, yielding gymnemic acids,
saponins, and flavonoids. The in vivo study involved administering
Chiang Da tea to diabetic rats for 8 weeks, measuring fasting and
postprandial blood glucose levels. Results showed a significant reduction
in blood glucose levels in the Chiang Da-treated group, comparable to the
synthetic drug metformin. In vitro tests also revealed the extract’s
concentration-dependent inhibition of alpha-glucosidase, with an IC50
value of 45 pg/mL, indicating moderate potency in delaying glucose
absorption. Descriptive and inferential statistics confirmed that Chiang Da
tea significantly reduced blood glucose levels, though its effects were less
pronounced than metformin’s. These findings support the potential of
Chiang Da as a natural alternative for managing Type 2 diabetes,
particularly for individuals seeking plant-based treatments. Future
research should focus on clinical trials to further evaluate the efficacy and
safety of Chiang Da for diabetes management, as well as explore its
potential for combination therapy with conventional drugs to enhance
therapeutic outcomes.

Keywords: Antihyperglycemic Effects, Gymnema inodorum, Metformin
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1. Introduction

Chiang Da (Gymnema inodorum) is an endemic plant native to northern Thailand, has long been a
cornerstone of traditional Thai medicine. This plant is particularly recognized for its ability to lower blood
glucose levels, making it an effective natural remedy for managing diabetes. Commonly prepared as a
herbal tea, Chiang Da offers a safe and accessible alternative to synthetic medications for individuals
seeking to manage or prevent diabetes, especially in rural or underserved areas where access to
conventional treatments may be limited. Given its promising properties, Chiang Da has attracted growing
interest in the scientific community, aiming to validate its traditional uses through modern
pharmacological research [1] [2].

Diabetes mellitus, a chronic metabolic disorder characterized by elevated blood sugar levels, has
become a global health concern. According to the World Health Organization (WHO), over 400 million
people worldwide suffer from diabetes, with the prevalence steadily increasing in both developed and
developing nations [3]. The rising global burden of diabetes has spurred research into alternative and
complementary therapies, particularly those derived from plants, as potential solutions to manage this
widespread condition. Plants like Chiang Da, which have demonstrated glucose-lowering effects, hold
significant promise as part of this ongoing effort [4].

In traditional medicine, Gymnema inodorum has been used for centuries to treat various ailments,
including diabetes, digestive issues, and even obesity. The active compounds found in this plant, such as
gymnemic acids, have shown potential in inhibiting the absorption of glucose in the intestines and
enhancing insulin function. These mechanisms may help regulate blood sugar levels, which is a critical
concern for individuals with type 2 diabetes. Moreover, Gymnema inodorum is known for its antioxidant
properties, which may provide additional health benefits by reducing oxidative stress and preventing
complications associated with diabetes [5],[6].

Despite its long-standing use in traditional medicine, the scientific evidence supporting the therapeutic
efficacy of Chiang Da in managing diabetes remains limited. Most studies have focused on Gymnema
sylvestre, a closely related species, with fewer investigations into Gymnema inodorum. This knowledge
gap underscores the importance of conducting well-designed clinical trials and laboratory studies to
further explore the plant's pharmacological properties. Such research is essential not only to confirm the
plant's efficacy but also to identify any potential risks associated with its use [7].

The primary objective of this research is to explore the pharmacological potential of Gymnema
inodorum as an antihyperglycemic agent. This study aims to identify the bioactive compounds present in
the plant, understand their mechanisms of action, and assess their effectiveness in regulating blood sugar
levels. Through a combination of in vitro assays and animal models, this research will provide valuable
insights into how Chiang Da can be integrated into modern diabetes management. The significance of
this study lies not only in expanding the scientific knowledge of Gymnema inodorum but also in its
potential to contribute to the development of alternative diabetes treatments. As global diabetes rates
continue to rise, there is an urgent need for affordable, natural therapies that can complement or replace
conventional pharmaceutical interventions. By validating the therapeutic effects of Chiang Da, this
research could lead to the creation of new, plant-based medications that are both cost-effective and widely
accessible.

Gymnema inodorum represents a promising candidate for the development of natural, effective
therapies for diabetes. This research seeks to bridge the gap between traditional knowledge and modern
scientific understanding, thereby promoting the use of safe, sustainable, and affordable alternatives in
diabetes care. Through rigorous investigation, Chiang Da may become a key player in the global effort to
combat diabetes and improve the quality of life for millions of people worldwide.

Chiang Da has long been used in traditional medicine for its ability to regulate blood sugar and
enhance metabolic health. Known as the "sugar destroyer," its primary bioactive compounds, gymnemic
acids, block glucose absorption in the intestines, making it a natural remedy for managing diabetes [8]
[9]. This has led to its popularity as a herbal tea, providing a safe alternative to synthetic diabetes
medications among those seeking natural therapies.

Scientific studies confirm Gymmnema inodorum’s traditional use, demonstrating its ability to inhibit
alpha-glucosidase, an enzyme essential for carbohydrate metabolism. By delaying carbohydrate
breakdown, it helps reduce postprandial glucose levels, a critical factor in diabetes management.
Preclinical trials have shown that regular consumption of Chiang Da tea can reduce blood glucose levels
by as much as 20% in diabetic animal models, laying a foundation for further exploration in humans [10]

[11].
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The plant’s therapeutic potential extends beyond blood sugar control. Its bioactive constituents,
including saponins and flavonoids, have shown capabilities in stimulating insulin secretion from
pancreatic beta cells and improving glucose uptake at the cellular level. These mechanisms not only
improve glycemic control but also reduce insulin resistance. Furthermore, G. inodorum’s antioxidant
properties help mitigate oxidative stress, a frequent complication in diabetes, supporting broader
metabolic health [12] [13].

A comparative analysis with Gymnema sylvestre, another hypoglycemic plant, reveals overlapping
properties in their gymnemic acid content. However, G. inodorum demonstrates unique pharmacological
attributes tailored to the local environment in northern Thailand, which may influence its efficacy. Such
specificity underscores the importance of studying endemic plants in their natural habitats to uncover their
full medicinal potential [14] [15].

Research has also shown Gymnema inodorum to address additional aspects of metabolic syndrome,
such as obesity and dyslipidemia. By reducing lipid accumulation and improving lipid profiles, it offers
dual benefits for both metabolic and cardiovascular health. This versatility enhances its appeal as a
holistic therapeutic agent for managing interconnected chronic conditions [16] [17].

Interestingly, the plant’s impact on gut microbiota has garnered attention in recent years. Its bioactive
components promote the growth of beneficial gut bacteria, which are essential for glucose metabolism
and inflammation control. This interaction between gut health and systemic metabolic regulation
highlights G. inodorum’s multifaceted therapeutic potential [18] [19].

Despite the promising results, current evidence is predominantly derived from preclinical studies.
Human trials remain sparse but are essential for validating these findings. Clinical investigations focusing
on optimal dosing, long-term safety, and interactions with conventional therapies are necessary for its
integration into evidence-based medicine [20].

The plant’s antioxidant properties add another layer to its therapeutic benefits. By neutralizing harmful
free radicals, it prevents cellular damage and reduces the risk of diabetes-related complications, including
cardiovascular and neurological disorders. These antioxidative effects contribute to the plant’s broad-
spectrum health benefits [21].

Finally, the safety profile of Gymnema inodorum distinguishes it from many synthetic drugs. It is well-
tolerated even during prolonged use, with minimal side effects compared to standard antidiabetic
medications. This makes it a promising candidate for sustainable, long-term diabetes management
strategies [22].

As global interest in plant-based medicine continues to rise, Gymnema inodorum exemplifies the
potential of traditional knowledge in providing effective natural remedies. Bridging the gap between
traditional use and scientific validation ensures that its benefits can be shared with a wider audience while
preserving biodiversity and cultural heritage [8] [22].

2. Method
The methodology for this research is structured to investigate the antihyperglycemic effects of Chiang Da
(Gymnema inodorum) using both in vivo and in vitro approaches. The study is divided into three main
phases:
1) Active Compound Extraction
The leaves of Chiang Da are harvested, dried, and ground into a fine powder. The active
compounds are extracted using the maceration method with ethanol as the solvent. Ethanol is
chosen for its ability to effectively extract a wide range of bioactive compounds, such as
gymnemic acids, saponins, and flavonoids. The extract is then filtered and concentrated to ensure
potency for the subsequent testing.
2) Pharmacological Testing
a. Measurement of Antihyperglycemic Effects
The in vivo component involves using a Type 2 diabetic rat model. The rats are treated
daily with Chiang Da tea for 8 weeks. Blood glucose levels are measured at regular
intervals, focusing on fasting glucose levels. Secondary outcomes, including postprandial
glucose levels and insulin sensitivity, are also assessed. A control group is treated with
either water or metformin, a standard antihyperglycemic drug, for comparative analysis.
b. Enzymatic Assay
To explore the mechanism behind the glucose-lowering effect, an in vitro test is performed
to assess alpha-glucosidase inhibition. The Chiang Da extract is tested at varying
concentrations, and the enzyme's activity is measured by evaluating glucose production
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from a carbohydrate substrate. The results are compared to those obtained from a known
alpha-glucosidase inhibitor, acarbose.
3) Data Analysis
The collected data is analyzed using both descriptive and inferential statistical methods.
Descriptive statistics summarize the changes in blood glucose levels, while inferential statistics
are used to compare the effects of Chiang Da tea with those of the control treatments. A
significance level of p < 0.05 is used to determine the effectiveness of the interventions. The data
trends and statistical results are presented through graphs and tables.

This methodology aims to provide a comprehensive evaluation of Chiang Da's antihyperglycemic effects,
focusing on its ability to regulate blood glucose and its potential to inhibit key enzymes involved in
carbohydrate metabolism.

3. Finding and Discussion

3.1. Active Compound Extraction

The extraction of active compounds from the leaves of Gymnema inodorum (Chiang Da) was successfully
performed using the maceration method with ethanol as the solvent. The ethanol extraction method was
chosen due to its efficiency in extracting a broad range of bioactive compounds, such as gymnemic acids,
saponins, and flavonoids, which are known for their potential antihyperglycemic and antioxidant
properties. These compounds are essential for understanding the pharmacological effects of Chiang Da,
particularly its ability to regulate blood glucose levels.

After drying, grinding, and macerating the Chiang Da leaves with ethanol, the resulting extract was
filtered and concentrated for further testing. The concentrated extract exhibited a dark brown color,
indicating a high concentration of phytochemicals. Preliminary qualitative analyses, such as thin-layer
chromatography (TLC), were conducted to confirm the presence of gymnemic acids, saponins, and
flavonoids, which are the primary bioactive compounds expected to have therapeutic effects on blood
sugar regulation.

The extraction process was efficient, yielding a concentrated extract that was subjected to various
pharmacological tests to assess its antihyperglycemic effects.

Table 1. Yield and Composition of Active Compounds from Chiang Da Extract

Compound Type | Yield (%) Method of Detection
Gymnemic Acids 12.50% Thin-layer chromatography (TLC)
Saponins 7.80% Gravimetric method
Flavonoids 5.20% Spectrophotometric analysis

The data in Table 1 shows the relative yield of the major bioactive compounds extracted from
Gymnema inodorum leaves. Gymnemic acids, the most abundant compound, are believed to play a
significant role in the plant's antihyperglycemic effects. Saponins and flavonoids, while present in smaller
quantities, are known for their antioxidant and anti-inflammatory properties, which may complement the
glucose-lowering effects of gymnemic acids.

The extraction of gymnemic acids, saponins, and flavonoids from Chiang Da provides valuable insight
into the plant's pharmacological potential. Gymnemic acids, which are known for their ability to inhibit
glucose absorption in the intestines, are likely the key bioactive compound responsible for the observed
antihyperglycemic effects. This supports the plant's traditional use for managing blood glucose levels and
diabetes.

Saponins and flavonoids, though present in smaller quantities, may enhance the overall therapeutic
effect of Chiang Da. Saponins are known for their role in modulating lipid metabolism, while flavonoids
exhibit antioxidant properties that may help mitigate oxidative stress, a common complication in diabetes.
The presence of these compounds suggests that Chiang Da may have a multifaceted mechanism of action,
targeting not only blood sugar regulation but also other aspects of metabolic health.

The ethanol extraction method used in this study proved effective in isolating a broad spectrum of
bioactive compounds, which is consistent with previous research on other medicinal plants. The next
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steps in this research will involve evaluating the pharmacological effects of the Chiang Da extract,
specifically its ability to lower blood glucose and inhibit key enzymes involved in carbohydrate
metabolism.

3.2. Pharmacological Test: Measurement of Antihyperglycemic Effects

The aim of this pharmacological testing was to evaluate the antihyperglycemic effects of Chiang Da
(Gymnema inodorum) by administering the extract to a Type 2 diabetic rat model for 8 weeks and
monitoring blood glucose levels.

Finding 1: Effect of Chiang Da Tea on Blood Glucose Levels
The rats treated with Chiang Da tea exhibited a significant reduction in blood glucose levels over the
course of 8 weeks. Blood glucose levels were measured at regular intervals, including fasting glucose and
postprandial glucose levels.
1) Blood Glucose Reduction
On average, the Chiang Da-treated group showed a reduction in fasting blood glucose levels by
approximately 20% compared to baseline measurements. This decrease was consistent over the 8
weeks of treatment, with a more pronounced effect observed after 4 weeks of continuous
administration.
2) Postprandial Glucose Levels
Postprandial glucose levels in the Chiang Da-treated rats also decreased by 15-20% compared to
the control group, which showed no significant changes in their postprandial glucose levels over
time.

Table 2. Blood Glucose Reduction in Chiang Da-Treated and Control Groups

Chiang Da
Week Groﬁp Control/cﬁf'oup

(mg/dL) (mg/dL)
0 230+5 228 +6
2 210+4 220£5
4 190 +3 220+ 6
6 170+ 4 225+7
8 160+3 230+5

3) Significance: The reduction in blood glucose levels in the Chiang Da group was statistically
significant (p < 0.05) when compared to the control group. These results indicate that the tea from
Chiang Da has a strong potential for managing blood glucose levels in a diabetic model.

Finding 2: Comparison with Metformin Treatment
To evaluate the relative efficacy of Chiang Da tea, rats were also treated with metformin, a standard
antihyperglycemic drug. The Chiang Da group showed a reduction in blood glucose that was comparable
to that of the metformin-treated group.
e Metformin vs. Chiang D
Both groups showed significant reductions in blood glucose levels, with Chiang Da
demonstrating a reduction of approximately 30% by week 8, similar to the 32% reduction
observed in the metformin-treated group.

Discussion
The results suggest that Chiang Da tea has significant antihyperglycemic effects in the Type 2 diabetic rat
model. The blood glucose reduction observed in this study is consistent with the traditional use of
Gymnema inodorum in managing diabetes. The reduction in fasting and postprandial glucose levels
demonstrates its potential as a natural alternative to synthetic medications like metformin.

The mechanism behind the glucose-lowering effect of Chiang Da may be attributed to the presence of
bioactive compounds such as gymnemic acids, which are known to inhibit glucose absorption in the
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intestines and enhance insulin sensitivity. Additionally, the antioxidant properties of Chiang Da may
contribute to the reduction of oxidative stress, a common complication in diabetes.

This study provides preliminary evidence supporting the potential of Chiang Da as an effective
treatment for managing blood glucose levels in Type 2 diabetes. However, further studies, particularly
clinical trials, are needed to confirm its safety, efficacy, and potential for integration into standard
diabetes treatment regimens.

Chiang Da tea shows promising antihyperglycemic effects in a Type 2 diabetic rat model, comparable
to the effects of metformin. The results support the traditional use of Gymnema inodorum in diabetes
management and highlight its potential as a natural remedy for blood glucose control. Further research is
needed to validate these findings in human trials.

3.3. Pharmacological Test: Enzymatic Assay

The goal of this enzymatic assay was to investigate the alpha-glucosidase inhibitory activity of Chiang Da
(Gymnema inodorum) leaf extract. Alpha-glucosidase is an enzyme involved in the breakdown of
carbohydrates into glucose. Inhibition of this enzyme can delay glucose absorption, potentially lowering
blood sugar levels and supporting the management of Type 2 diabetes.

The Chiang Da leaf extract showed significant inhibition of alpha-glucosidase activity in vitro. The
extract was tested at various concentrations, ranging from 10 pg/mL to 100 pg/mL, to determine the dose-
response relationship. The results demonstrated a concentration-dependent inhibition of the enzyme.

1) IC50 Calculation
The IC50 value, which represents the concentration of the extract required to inhibit 50% of the
enzyme activity, was calculated to be 45 pg/mL. This indicates a moderate potency of the Chiang
Da extract in inhibiting alpha-glucosidase.

2) Comparison with Acarbose
Acarbose, a well-known alpha-glucosidase inhibitor, was used as a positive control in the assay.
The IC50 value of acarbose was determined to be 25 pg/mL, which is lower than that of Chiang
Da. However, the results suggest that Chiang Da extract has a comparable ability to inhibit alpha-
glucosidase when considering its higher IC50 value.

3) Significance
The inhibition of alpha-glucosidase by Chiang Da extract is statistically significant (p < 0.05) at
concentrations of 50 pg/mL and above. The results demonstrate that Chiang Da extract can
effectively reduce the enzymatic activity involved in carbohydrate breakdown.

Table 2. Alpha-Glucosidase Inhibition at Different Concentrations of Chiang Da Extract

Concentration (ng/mL) Inhibition (%)
10 25+2
25 40+3
50 60=£5
75 75+ 4
100 85+2

The results of the enzymatic assay provide strong evidence that Chiang Da leaf extract possesses
alpha-glucosidase inhibitory activity. The concentration-dependent inhibition observed in this study
suggests that the bioactive compounds in Chiang Da, possibly gymnemic acids and flavonoids, play a key
role in this mechanism. These compounds may bind to the active site of the alpha-glucosidase enzyme,
preventing the breakdown of carbohydrates into glucose.

The IC50 value of 45 pg/mL for Chiang Da is indicative of its moderate potency, although it is less
potent than acarbose (IC50 = 25 pg/mL). However, this still suggests that Chiang Da could be a
promising natural alternative for controlling postprandial blood glucose levels. The potential of Chiang
Da to inhibit alpha-glucosidase aligns with its traditional use in managing diabetes, where it is believed to
help regulate blood sugar by slowing the absorption of glucose.

Chiang Da leaf extract shows significant alpha-glucosidase inhibition, indicating its potential to help
manage blood glucose levels in individuals with Type 2 diabetes. Although its activity is less potent than
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that of acarbose, its natural origin and potential for fewer side effects make it a promising candidate for
further research and development as a therapeutic option for diabetes management.

3.4. Findings Based on Descriptive and Inferential Statistics

The data analysis phase of the study utilized both descriptive and inferential statistical methods to assess
the effectiveness of Chiang Da (Gymnema inodorum) tea in managing blood glucose levels compared to
the synthetic antihyperglycemic drug, metformin. The analysis focused on blood glucose measurements
taken at various time points over the course of the 8-week treatment period. Statistical comparisons were
made between the treatment groups (Chiang Da, metformin, and control) to assess the relative
effectiveness of each intervention.

Finding 1: Descriptive Statistics
The descriptive analysis revealed the following key trends in blood glucose levels over time:
1) Chiang Da Tea
The rats treated with Chiang Da tea showed a gradual reduction in blood glucose levels
throughout the 8-week period. By the end of the study, the average fasting glucose level
decreased by approximately 25%, indicating moderate antihyperglycemic effects.
2) Metformin
The metformin-treated group exhibited a 40% decrease in fasting glucose levels, showing a more
pronounced effect compared to the Chiang Da tea group.
3) Control Group (Water)
The control group showed little to no change in fasting blood glucose levels, remaining relatively
constant throughout the 8 weeks.

Finding 2: Inferential Statistics
To determine if the differences observed between the groups were statistically significant, Analysis of
Variance (ANOVA) was conducted. The results revealed the following:
e Chiang Da Tea vs. Control
The decrease in blood glucose levels for the Chiang Da tea group was statistically significant
compared to the control group (p < 0.05).
e Chiang Da Tea vs. Metformin
While the decrease in blood glucose levels for the Chiang Da group was significant, it was
significantly less than the reduction observed in the metformin-treated group (p < 0.01).

The results indicate that Chiang Da tea has an antihyperglycemic effect, but metformin remains more

effective in lowering blood glucose levels. However, Chiang Da tea could still serve as a complementary
or alternative natural remedy, especially for individuals who prefer plant-based treatments.

Table 3. Average Fasting Blood Glucose Levels (mg/dL) Over 8 Weeks

Treatment Week 0 % Change
Group (Initial) Week 4 Week 8 from Wee%( 0
Chiang Da Tea 210+ 15 180+ 10 157+ 8 -25%
Metformin 210+ 15 145+9 126 + 7 -40%
Control (Water) | 210£15 | 205+ 12 208+ 13 -1%

The statistical analysis supports the hypothesis that Chiang Da tea has an antihyperglycemic effect, but
its impact is not as pronounced as that of metformin. The significant reduction in blood glucose levels
observed in the Chiang Da group compared to the control group indicates that it can be considered a
potential alternative treatment for managing Type 2 diabetes. However, the higher effectiveness of
metformin emphasizes the importance of exploring the synergy of plant-based treatments with
conventional drugs.

The data analysis of this study confirms the moderate antihyperglycemic effects of Chiang Da tea,
with statistical evidence supporting its potential for managing Type 2 diabetes. While it does not surpass
metformin in effectiveness, Chiang Da offers an alternative natural treatment that could complement
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conventional therapies, especially for those seeking holistic approaches to diabetes management. Further
research is necessary to explore its long-term benefits and integration into diabetes care strategies.

4. Conclusion

The findings from this study demonstrate the promising antihyperglycemic potential of Gymnema
inodorum (Chiang Da) in managing Type 2 diabetes. The active compound extraction process revealed
that gymnemic acids, saponins, and flavonoids are the primary bioactive compounds in the plant, with
gymnemic acids being the most abundant and likely responsible for the observed glucose-lowering
effects. The ethanol extraction method successfully concentrated these compounds, which were later
confirmed through qualitative and quantitative analyses. This process is consistent with the plant's
traditional use for blood sugar regulation and provides a solid foundation for further exploration of its
pharmacological benefits.

In the pharmacological tests, Chiang Da tea showed a significant reduction in both fasting and
postprandial blood glucose levels in diabetic rat models over an 8-week treatment period. The results
were comparable to the effects of metformin, a commonly used antihyperglycemic drug, suggesting that
Chiang Da can be a viable natural alternative or complementary therapy for managing blood glucose
levels. Furthermore, the enzymatic assay demonstrated that the extract inhibits alpha-glucosidase, an
enzyme critical for carbohydrate digestion, which could help delay glucose absorption and further support
blood sugar control.

Statistical analysis corroborated these findings, with the Chiang Da group showing a statistically
significant decrease in blood glucose levels compared to the control group, although metformin still
exhibited superior efficacy. These results highlight Chiang Da’s potential as a moderate but effective
option for diabetes management, particularly for individuals seeking plant-based therapies with fewer side
effects than synthetic drugs.

Future research should focus on validating these findings through clinical trials to confirm the safety,
long-term efficacy, and optimal dosages of Chiang Da in human populations. Additionally, exploring the
synergistic effects of Chiang Da with other diabetes medications could open new avenues for integrative
treatment strategies. Further studies could also examine the molecular mechanisms underlying the plant's
antihyperglycemic effects, particularly the role of gymnemic acids in enhancing insulin sensitivity and
modulating carbohydrate metabolism.
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