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Lagerstroemia speciosa (Lythraceae), commonly known as banaba, is a plant native to the
tropical regions of Southeast Asia that thrives abundantly in Vietnam and has been historically
utilized in traditional medicine. Despite evidence suggesting that its leaves have anti-diabetic
properties, studies investigating the effects of L. speciosa extracts on animal models of type 2
diabetes remain limited. Herein, the effect of dry extract from L. speciosa leaves (VLDE)
collected in Vietnam on blood glucose in type 2 diabetic rats was evaluated. White rats were
divided into five groups, each comprising 10 rats. Group 1 served as the non-diabetic control,
receiving distilled water, while type 2 diabetes was induced in other groups with a high-fat diet
and low-dose streptozotocin. Group 3 received gliclazide at a dose of 20 mg/kg/day as the
positive control, whereas groups 4 and 5 were administered VLDE at doses of 620 mg/kg/day
and 1240 mg/kg/day, respectively, for a treatment duration of 28 days. Blood glucose levels,
blood insulin levels, and insulin resistance indices were evaluated pre-and post-treatment. VLDE
at both doses demonstrated significant blood glucose-lowering effects, accompanied by a
reduction in the HOMA-IR index and elevation in the HOMA-S, QUICKI, and DI indices, as
well as an increase in the pancreatic mass-to-body weight ratio, comparable to the gliclazide-
treated group. Our findings underscore the potential of L. speciosa extract as a medicinal
therapeutic agent for type 2 diabetes management, warranting further pre-clinical and clinical
validation for pharmaceutical development.
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test.

Introduction

Type 2 diabetes mellitus (T2DM) is one of the most
prevalent metabolic disorders globally and can be primarily attributed
to two key factors: impaired insulin secretion by pancreatic p-cells and
decreased insulin sensitivity of insulin-responsive tissues." According
to the International Diabetes Federation, 415 million individuals
worldwide were affected by T2DM in 2015, with this number
projected to rise to 642 million by 2040.% In Vietnam, it is estimated
that one in every 20 individuals has T2DM, and the prevalence of
prediabetes is three times as high.> T2DM increases the risk of
macrovascular complications, such as heart failure and cardiovascular
disease, microvascular complications, including lower limb
amputations, retinopathy, and kidney failure, as well as hypoglycemic
episodes and hyperglycemia.* Disease prevention, early detection, and
effective blood glucose control are crucial for mitigating
complications.®
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Primary therapeutic approaches for T2DM involve pharmacological
intervention combined with lifestyle changes. However, the long-term
use of these pharmacotherapies often results in reduced treatment
efficacy and the manifestation of numerous undesirable side effects.®
Therefore, there is a pressing need for research to identify effective
herbal products that lower blood glucose through various mechanisms
to improve treatment efficacy and minimize the adverse effects of
conventional pharmacological treatments.

Lagerstroemia speciosa (Lythraceae), commonly known as banaba, is
a plant native to the tropical regions of Southeast Asia that thrives
abundantly in Vietnam and holds an important tradition in folk
medicine. Its leaves contain over 40 beneficial compounds, including
corosolic acid, ellagitannins, and gallotannins, recognized for their
contribution to blood sugar regulation.”® Additionally, the leaves
contain antioxidant phenols and flavonoids, including quercetin, gallic
acid, and ellagic acid, which combat free oxygen radicals, provide
anti-cancer  effects and hepato-protection, and demonstrate
antibacterial activities.”***? Corosolic acid, a pentacyclic triterpenoid
derived from banaba leaves, demonstrates anti-diabetic, anti-
inflammatory, and anti-tumor properties. It inhibits excessive
proliferation and migration of pulmonary artery smooth muscle cells
and downregulates the expression of signal transducer and activator of
transcription 3 (STAT3).%® The banaba leaf exhibits dual functions in
treating diabetes and promoting weight loss by preventing
carbohydrate accumulation and reducing adipogenesis.* Notably,
silver nanoparticles fabricated from L. speciosa flower buds have been
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reported to exert antimicrobial, anti-cancer, and apoptosis-promoting
properties in the human osteosarcoma (MG-63) cell line.*® In Vietnam,
banaba grows abundantly in diverse regions, particularly in central
provinces such as Nghe An, Ha Tinh, Thanh Hoa, Quang Tri, Quang
Binh, Thua Thien Hue, Kon Tum, and Pak Lak. Despite its
widespread growth, there is limited research exploring its effects on
type 2 diabetes in animal models. Therefore, aiming to harness locally
available herbal resources, this study seeks to evaluate the blood
glucose-lowering effects of dry extracts from L. speciosa leaves
(VLDE) on type 2 diabetes in white rats.

Materials and Methods

Materials

The dried leaves of banaba (Lagerstroemia speciosa L.) were
harvested in August 2021 from Dong Hoi City, Quang Binh Province,
Vietnam. Identification of the plant material was performed by Dr.
Nguyen Quoc Binh of the Vietnam National Museum of Nature,
Vietnam Academy of Science and Technology. A voucher specimen
(No: QB0821) was deposited at the Laboratory of Pharmacology,
Vietnam Military Medical University, to serve as a permanent
reference. The dried leaf extract was prepared and supplied by Thien
Duoc Technology Joint Stock Company (Hanoi, Vietnam). For
evaluation of pharmacological effects, the dry powder was evenly
dispersed in distilled water and administered to the rats using
specialized curved gavage needles.

Extraction and Dosage Preparation

The dried banaba leaves were washed and desiccated until the
moisture content reached less than 10%. The leaves were then ground
into a powder and sieved through a 1 mm sieve to obtain a
homogenous particle size. Five hundred grams of the powdered
material were dissolved in 10 liters of reverse osmosis water and
subjected to ultrasonic extraction for 60 minutes at 60 MHz and 60°C.
The resulting extract was cooled to room temperature and filtered
through sterile multi-layered gauze to remove impurities.
Subsequently, the extract was concentrated under reduced pressure
and dried using a spray dryer to yield a dried powder.

Folklore suggests a decoction of banaba leaves for diabetes treatment,
with a dosage of 60-120 grams of dried material per person per day,
translating to approximately 1-2 grams per kilogram body weight per
day (assuming an average adult weight of 60 kg). The prepared dried
extract of banaba leaves (VLDE) was obtained from the starting
material at a 10:1 ratio (10 grams of dried leaves yielded 1 gram of
dried extract). Based on this, the anticipated human dosage for VLDE
would be 100-200 mg/kg/day. To convert this dose to an effective
level for white rats, a conversion factor of 6.2 was applied as
described in the study, resulting in two dosage levels for the animal
experiments: 620 mg/kg/day and 1240 mg/kg/day.*>*"

Equipment

The insulin resistance indices were measured using a Biochemical
Systems International Srl Model 3000 Evolution biochemical analyzer
(ltaly). Blood glucose levels were determined with test strips and a
OneTouch Profile Meter reader, both manufactured by Johnson &
Johnson (USA). A 96-well plate reader from Thermo Fisher Scientific
(Finland) was employed, and a Universal 320 refrigerated centrifuge
from Hettich (Germany) was used.

Animals

The Wistar rats, weighing 200 + 20 g, were obtained from the Animal
Department of the Military Medical Academy. The rats were housed
under standard laboratory conditions for a 10-day acclimation period
before the commencement of the experiments. The experimental
protocol was approved by the Vietnam Military Medical University,
Hanoi, Vietnam (Ethical permission number IACUC-1603/22 issued
on March 16, 2022).

In Vivo Experiment
Fifty Wistar rats were randomly allocated into five groups (n =
10/group) for the experiment. The groups were designated as follows:
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Group 1 (Control Group): Received a standard laboratory diet and
distilled water.

Group 2 (Disease Model Group): Induced with type 2 diabetes
(T2DM) and administered distilled water.

Group 3 (Positive Control Group): Induced with T2DM and received
gliclazide at a dose of 20 mg/kg/day.

Group 4 (VLDE-Low Dose): Induced with T2DM and administered
VLDE at a dose of 620 mg/kg/day.

Group 5 (VLDE-High Dose): Induced with T2DM and administered
VLDE at a dose of 1240 mg/kg/day.

Type 2 diabetes was induced in Wistar rats using a combination of a
high-fat diet (HFD) and low-dose streptozotocin (STZ) injection. The
HFD was formulated to provide 30% of energy from fat and 70% from
carbohydrates. It contained a mixture of cholesterol, coconut oil,
fructose, lard, corn flour, brewer's yeast, and calcium carbonate
(specific composition percentages can be provided if available). Rats
were fed this diet for four consecutive weeks. Following the HFD
feeding period, rats received an intraperitoneal injection of STZ at a
dose of 35 mg/kg body weight. The STZ was dissolved in 0.1 M
citrate buffer at pH 4.5 to ensure optimal effectiveness. Blood glucose
levels were measured 72 hours after STZ injection. Rats with blood
glucose levels exceeding 200 mg/dL were classified as diabetic for the
study. Subsequently, the diabetic rats continued on the HFD regimen,
while all rats (diabetic and non-diabetic) received either distilled water
or the assigned test drug according to their group allocation.

This treatment period lasted for 28 days. During the experiment,
several parameters were assessed to evaluate the effects of the
treatments:

Body weight: Body weight of each rat was measured at designated
time points.

Food and water intake: Daily food and water consumption were
monitored for each group.

Urine volume: Urine volume was measured to assess potential
changes in fluid balance.

Blood glucose and insulin levels: Following an overnight fast, blood
samples were collected from the retroorbital sinus (eye socket) for
blood glucose and insulin level measurement. Insulin levels were
determined using a commercially available ELISA kit (e.g., Rat
Insulin ELISA Kit, Crystal Chem USA).

Insulin resistance indices

These indices were calculated using blood glucose and insulin data
obtained at two specific time points:

To (baseline): Immediately before drug administration.

Te (treatment endpoint): One hour after the last drug administration on
the final day.

The insulin resistance indices were calculated, including:

HOMA-IR (homeostatic model assessment of insulin resistance):
HOMA-IR = (blood glucose (mg/dL) x blood insulin (uIU/mL))/405
HOMA-S (homeostatic model assessment of pancreatic {-cell
function):

HOMA-$ = 20 x blood insulin (uIU/mL)/ (blood glucose (mMol/L) —
3.5)

QUICKI (quantitative insulin sensitivity check index):

QUICKI = 1/(log blood glucose (mg/dL) + log blood
insulin(ulU/mL))

DI (insulin disposition index): DI = HOMA-S/HOMA-IR

Following blood collection for glucose and insulin analysis, the rats
were euthanized humanely according to ethical guidelines. The
pancreas was then swiftly dissected for histological examination.
Pancreas weight, expressed as a percentage of body weight, was
measured to assess potential changes in size. Harvested tissues were
immediately fixed in a 10% formalin to preserve cellular morphology.
Subsequently, histological slides were prepared and stained with
hematoxylin and eosin (H&E) for routine tissue evaluation. The
prepared slides were examined by qualified personnel at the
Department of Pathological Anatomy, Hospital 103 (Hanoi, Vietnam),
for any alterations in pancreatic tissue structure or cellular
morphology. To assess the drug's efficacy, a comparative analysis of
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blood glucose levels, insulin levels, and calculated insulin resistance
indices was performed between groups..

Statistical Analysis

The results are presented as mean + SD. Calculations were performed
using Microsoft Excel software. Differences between groups were
compared using One-way ANOVA (followed by LSD test), while
differences between time points within the same group were compared
using the Paired Samples T-test. Statistical significance was
considered when p < 0.05.

Results and Discussion

Impact of VLDE on Rat Body Weight, Food Intake, and Water
Consumption

Before drug administration (To), the type 2 diabetes-induced rats
exhibited higher body weight, food intake, and water consumption
compared to the control group, though these differences were not
statistically significant (p > 0.05; Table 1). At the subsequent time
point (T¢), one hour after administration of the final VLDE dose, the
model group showed a decrease in body weight and an increase in
water and food consumption relative to the control group (p < 0.01).
These changes align with typical clinical manifestations of T2DM,
confirming the successful induction of disease in the model group. In
contrast, the groups receiving medication (groups 3, 4, 5) displayed
increased body weight and decreased water and food consumption
compared to the model group (p < 0.05), indicating a significant
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improvement in the pathological symptoms associated with type 2
diabetes.

Impact of VLDE on Blood Glucose and Insulin Levels in Rats

Before drug administration (To), the type 2 diabetes-induced groups
(groups 2-5) had significantly higher blood glucose levels and lower
blood insulin levels compared to the control group (p < 0.01; Table 2).
Blood glucose levels in the type 2 diabetes-induced groups exceeded
200 mg/dL, confirming the presence of diabetes. One hour after
administration of the final dose of VLDE (T¢), the model group
exhibited a significant increase in blood glucose levels compared to Ty
(p < 0.05) and to the control group (p < 0.01). Conversely, blood
insulin levels in the model group decreased significantly compared to
both Ty (p < 0.05) and the control group (p < 0.01). In groups being
administered medication, or medication groups (groups 3-5), blood
glucose levels were significantly lower at T, than at To (p < 0.05).
Further, while their blood glucose levels were lower compared to the
model group (p < 0.05), they remained higher than those in the control
group across all medication groups (p < 0.05). Similarly, blood insulin
levels in the medication groups (groups 3-5) at T. increased
significantly compared to Ty (p < 0.05) and the model group (p < 0.05)
but remained lower than in the control group (p < 0.05). These
findings suggest that the research medication effectively reduces blood
glucose levels and increases blood insulin levels in the diabetic rat
model. Comparison between medication groups (groups 3-5) showed
no significant differences in blood glucose and blood insulin levels (p
> 0.05), indicating that VLDE at both dosage levels had effects
comparable to those of gliclazide at 20 mg/kg/day.

Table 1. Evaluation of rat body weight, food intake, and water consumption.

Groups Rat weigh (g) Food intake (g/_kg) Water consumption (mI/kgl)
T, T T, T T, T
Group 1 (1) 223.54 £15.01 253.68 £12.43 68.14 £8.96 94.25+8.42 77.46 £9.28 96.27 £10.43
Group 2 (2) 231.22 £21.18 221.96" +1151 79.54+9.42 186.37" +21.42 82.96 +8.68 218.64"+ 2339
Group 3 (3) 229.88 £14.26 246.89*+11.52 73.65+£10.84 124.38*+ 16.53 86.91 £8.96 148.65*+ 16.28
Group 4 (4) 232.01 £13.60 245.24*+15.46 76.01 +8.86 133.12*+16.14 84.46 +9.53 159.08*+12.81
Group 5 (5) 233.71 +14.46 243.66*+15.39 77.09 +8.92 129.56* + 18.65 81.13 £9.45 146.20*+ 13.65

Group 1 (control group): normal diet and distilled water; Group 2 (disease model group): induced type 2 diabetes (T2DM) + distilled water; Group 3
(positive control, gliclazide): induced T2DM + gliclazide at a dose of 20mg/kg/day; Group 4 (VLDE -dose 1): induced T2DM + VLDE at a dose of 620

mg/kg/day; Group 5 (VLDE -dose 2): induced T2DM + VLDE at a dose of 1240 mg/kg/day.

4_p<001ws(1);*~p<005ws(2) (n =10 in each group,

Mean + SD).
Table 2. Impact of VLDE on blood glucose and insulin levels in rats.
Gl level (mg/dL Insulin level (uIU/ml
Groups ucose level (mg/dL) nsulin level (uIU/ml)

To Tc pc—u TU Tc pc—o
Group 1 ) 93,51 +11.24 95.83 +12.01 >0.05 35.94 + 3.61 36.18 £3.42 > 0.05
Group 2 ) 253.68" + 26.15 306.68" + 31.75 <0.05 23.14" + 2,57 18.35" £2.56 <0.05
Group 3 ) 249.92% + 24.61 145.96** + 16.62 <0.05 22.96%+2.43 28.93*4 +2.38 <005
Group4  (4) 252.02% +22.41 147.57** £ 15.72 <0.05 22.84" + 2.89 28.16** + 252 <0.05
Group5  (5) 249.09* + 19.39 142.67** £13.25 <0.05 23.03"+3.02 29.15** +2.63 <0.05

4_p<0.0lvs(l); *-p<0.05vs (1); *~p < 0.05 vs (2)

Impact of VLDE on Some Insulin Resistance Indices

In the model group, the homeostatic model of insulin resistance
(HOMA-IR) index was significantly higher compared to both the
control group and the medication groups (p < 0.05). The HOMA of g-
cell function (HOMA-p) and disposition index (DI) were significantly
lower in the model group than in the control group and the medication
groups (p < 0.001). Additionally, the quantitative insulin sensitivity
check index (QUICKI) was significantly lower compared to both the

control group and the medication groups (p < 0.05; Table 3). In the
medication groups (groups 3-5), the HOMA-IR and QUICKI indices
were restored to levels comparable to the control group (p > 0.05) and
were significantly different from the model group (p < 0.05). The
HOMA-$ and DI indices in the medication groups were significantly
increased compared to the model group (p < 0.001), although they
remained significantly different from the control group (p < 0.05).
Comparative analysis of the medication groups (groups 3-5) revealed
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no significant differences in insulin resistance indices among the
groups (p > 0.05). These findings indicate that VLDE at both
administered doses exerts effects on insulin resistance indices
comparable to gliclazide at 20 mg/kg/day.

Changes in Pancreas Weight Percentage Relative to Body Weight

Rats in the model group (group 2) displayed a significantly lower
percentage of pancreas weight relative to body weight compared to the
group (group 1; p < 0.01). Groups of rats treated with gliclazide at 20
mg/kg/day (group 3) and groups treated with both dose 1 (group 4)
and dose 2 (group 5) of VLDE had a significantly higher pancreas-to-
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body weight ratio compared to the model group (p < 0.01). Compared
to the controls, rats treated with gliclazide at 20 mg/kg/day (group 3)
and VLDE at both doses (groups 4 and 5) exhibited a lower
percentage of pancreas weight relative to body weight, though this
difference was not statistically significant (p > 0.05). These results
suggest that gliclazide at 20 mg/kg/day and VLDE at both doses
increase the pancreas-to-body weight ratio in type 2 diabetic rats to
levels comparable to the control group (p > 0.05). No significant
differences were observed among the pancreas-to-body weight ratios
among the treatment groups (p > 0.05).

Table 3. Impact of VLDE on some insulin resistance evaluation indices.

Groups HOMA-IR HOMA-B QUICKI DI
Group 1 () 4.39+0.51 110. 73+ 15.85 0.309 + 0.006 25.28 +3.94
Group 2 ) 6.32+0.88 37.79+£5.23 0.292 + 0.005 5.98 + 0.86
Group 3 ®3) 4.45 +0.67 76.97 £10.43 0.302 = 0.006 17.36 £2.41
Group 4 4 4.42 +0.58 74.56 £9.32 0.305 + 0.004 16.65 +2.12
Group 5 (5) 4.36 +0.54 79.05+£9.91 0.307 + 0.007 18.03 £2.38

p2-1<0.05 p2-1<0.001 p2-1<0.05; p2-1<0. 001,
P3.45.2< 0.05; P3452<0.001; P3.4.5-2<0.05; P3452<0.001;
p p3.451> 0.05; P345-1<0.01; p3.45.1>0.05; P345-1<0.01;
Pas3> 0.05; Pas3> 0.05; pas3> 0.05; Pas3> 0.05;
pas> 0.05 pas> 0.05 pas> 0.05 pas> 0. 05

Table 4. Percentage of pancreas weight relative to body weight.

Groups Percentage of pancreas weight (%) % decrease vs (1) % increase vs (2)
Group 1 1) 0.943 + 0.058 - -
Group 2 2) 0.521 + 0.036 44.77 -
Group 3 3) 0.912 + 0.065 3.30 75.08
Group 4 4) 0.894 +0.069 5.21 71.63
Group 5 (5) 0.920 + 0.066 2.47 76.59

p-2< 0.01; p34-1> 0.05; ps. 3> 0.05; (-) not determine.

Histopathological Images of the Pancreas

Histopathological images of the pancreas serve to illustrate alterations
in pancreatic morphology, including changes in size, cellular structure,
and tissue organization relative to normal physiological conditions. In
our study, the histological examination reveals distinct lobules within
the pancreatic tissue, separated by thin fibrous septa (Figure 1). The
exocrine glands display abundant pink secretory material (Figure 1a),
while the islets of Langerhans exhibit cells with a distinctly bright
appearance (Figure 1b). In the model group, the islets of Langerhans
are notably smaller compared to both the control and the drug-treated
groups (Figure 1c). Conversely, in the drug-treated groups, there is a
notable restoration of the size of the islets of Langerhans approaching
levels comparable to those observed in the control group (Figure 1d,e).
T2DM is characterized by insulin resistance and impaired insulin
secretion from pancreatic p-cells.® The type 2 diabetes model in white
rats, induced by a high-fat diet combined with low-dose
streptozotocin, replicates both features of the disease and mirrors the
mechanisms and characteristics of human T2DM.*? Gliclazide,
administered at a dose of 20 mg/kg/day, was selected as the reference
drug for comparison due to its clinical efficacy in managing T2DM.
The study results demonstrated clear manifestation of type 2 diabetes
in the model group, including increased blood glucose levels,
decreased insulin levels, significant changes in peripheral insulin
resistance indices, increased food and water intake, weight loss, and
minor damage to pancreatic tissue, particularly the islets of
Langerhans. Moreover, the experimental model demonstrated the

ability of VLDE to improve clinical symptoms of type 2 diabetes,
comparable to the reference drug gliclazide.
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opathological images of the pancreas (x 400).

(@): normal diet and distilled water; (b): induced type 2 diabetes
(T2DM) + distilled water; (c): induced T2DM + gliclazide at a dose of
20mg/kg/day; (d) induced T2DM + VLDE at a dose of 620
mg/kg/day; and (e): induced T2DM + VLDE at a dose of 1240
mg/kg/day.

The study results align with previous publications examining the
effects of L. speciosa in lowering blood glucose, particularly due to
compounds such as corosolic acid, which reduces blood sugar by
increasing insulin sensitivity, enhancing glucose absorption, and
inhibiting a-glucosidase.®® In addition to corosolic acid, ellagitannin
compounds—specifically lagerstroemin, flosin B, and reginin A—
have been shown to regulate blood glucose levels. These compounds
promote glucose uptake by activating glucose transporter type 4
(GLUT4), a protein responsible for transporting glucose from the
blood into muscle cells and adipocytes.” In this study, modern
extraction processes have been successfully utilized to isolate active
ingredients from medicinal herbs, which have subsequently
demonstrated efficacy in lowering blood glucose levels. These results
lay a strong foundation for exploring the use of dried extracts from
banaba leaves (L. speciosa) in the prevention and treatment of T2DM,
warranting further pre-clinical and clinical research.

Conclusion

In conclusion, administration of leaf extract from L. speciosa
harvested in Vietnam at doses of 620 mg/kg/day and 1240 mg/kg/day
for 28 days demonstrates efficacy in lowering blood glucose levels in
rats induced with type 2 diabetes through a high-fat diet and low-dose
streptozotocin. Both doses effectively lower blood glucose levels,
increase insulin levels, restore pancreatic S-cell function, and improve
insulin sensitivity, as evidenced by reductions in HOMA-IR and
increases in HOMA-S, QUICKI, and DI indices. Furthermore, they
increase the percentage of pancreatic weight relative to body weight
and alleviate symptoms such as increased food and water intake and
weight loss. Notably, over 28 days of treatment administration, the
1240 mg/kg/day dose exhibits greater efficacy in treating type 2
diabetes compared to the 620 mg/kg/day dose. These results suggest
the potential utility of L. speciosa leaf extract in the prevention and
treatment of T2DM.
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