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ABSTRACT

The exploration of Tectona grandis Linn. from Indonesia, especially its use as an anti-
diabetes agent is still quite limited. This study aims to determine the antidiabetic activity of
the fractions from Tectona grandis Linn. leaves in male Rattus norvegicus. The animal blood
glucose level was measured first as TO, then the animals were injected with streptozotocin
(STZ) 40 mg/Kg BW to induce diabetes mellitus (DM), and then the blood was collected to
determine the blood glucose level (T1). The animal was divided into six groups, namely
normal group (NC) without treatment, positive control (K+) (DM+glibenclamide 5 mg),
negative control (K-) (DM+NaCMC 0.5%), fractions group (DM+nHexane fraction (P1),
DM-+chloroform fraction (P2), and DM+ethyl acetate fraction (P3), each dose 300 mg/kg
BW). The duration of treatment was 7 days, and at the end of treatment, the blood glucose
levels were determined. The TO, T1, and T2 are analyzed using One-Way ANOVA and post-
hoc LSD. The results obtained that the K+, P3, P2, and P1 groups were able to reduce the
animals' blood glucose levels significantly (p<0.05), with the blood glucose levels are 97.01;
110.96; 129.38; and 111.46 mg/dL, respectively. The percentage of reduction in blood
glucose level shows that the K+ group has the highest percentage at 66.8%, followed by the
P3 group at 64.0%. The n-hexane, chloroform, and ethyl acetate fractions showed similar
effectiveness to glibenclamide in reducing blood glucose levels statistically (p>0.05).
Consequently, Tectona grandis Linn. has the potential to anti-diabetes mellitus, and the ethyl
acetate fraction can reduce blood glucose levels more effectively than the n-hexane and
chloroform fraction groups.
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INTRODUCTION

Currently, diabetes mellitus (DM) is a real threat to public health. This disease is the
main cause of death in developed countries and is expected to become an epidemic in newly
industrialized countries. Uncontrolled diabetes is a major factor in several serious disorders
including macrovascular disease, vision impairment, kidney failure, neuropathy, and
amputation (Russell et al., 2016). Indeed, prolonged hyperglycemia has been associated with
cardiovascular complications, although such complications are not criteria for the diagnosis
of diabetes mellitus (Wu et al., 2016). Due to the high risk of complications associated with
DM, this condition poses an urgent threat. (Al-Lawati, 2017). Moreover, every year a
progression in the prevalence of this disease is observed. The prevalence of DM continues to
rise, according to data from the International Diabetes Federation (IDF). Diabetes mellitus
(DM) is projected to affect 10.2% (578 million people) of the global population in 2045, up
from 9.3% (463 million people) in 2019. With the most individuals affected by DM
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worldwide, Indonesia was positioned seventh in 2015. By 2040, that ranking is projected to
have risen to sixth (Soelistijo, 2021). The Riskesdas report from 2018 revealed that the
prevalence of diabetes mellitus (DM) patients increased from 2.0% in 2013 to 3.4% in 2018.
Among the total number of DM patients, 1.68% (8,060 individuals) dwell in the Riau Islands
(Kemenkes RI, 2018). In Southeast Sulawesi Province, the incidence of DM has risen
steadily in recent years, from ninth place in 2014 with 2,768 cases to third place in 2016 with
3,983 cases. Data from Bahteramas General Hospital in Southeast Sulawesi Province From
2015 to 2017, treated 670 outpatient visits and 649 inpatient visits for DM patients
(Indrasari, 2018).

The essential to preventing complications associated with diabetes mellitus is through
altering consumption patterns through the restriction of glucose and compliance with the
administration of DM medication (American Diabetes Association, 2019). DM may be
managed through the administration of antihyperglycemic medications and herbal remedies
derived from traditional plants. Currently, the public prefers the use of traditional plants due
to their lowered adverse effects, particularly when DM medication is taken for an extended
period (Verma et al., 2018). Hence, to improve public knowledge, it is important to explore
the potential of plants for medicinal use as treatments for diabetes.

One of the herbs with the potential to be developed into an antidiabetic mellitus
medicine is Tectona grandis Linn. The empirical use of Tectona grandis Linn leaves as
antidiabetic by the people of Southeast Sulawesi and Padang (lkhwan et al., 2021).
Antidiabetic pharmacological assay of the extract, fractions of butanol, ethyl acetate, and
methanol of Tectona grandis Linn. leaves have been carried out in vitro and it was found that
Tectona grandis Linn. may decreased the blood glucose levels (Han et al., 2023). In various
studies, in vivo, the antidiabetic assay has been carried out using extracts and showed the
potential for the development of the extract as the treatment of DM (Kushwah, 2018;
Nuralifah et al., 2021). Currently, there is a lack of research exploring the antidiabetic effects
of Tectona grandis Linn. Through in vivo assays, existing studies have only used extract
samples. The effects of reducing blood glucose levels using fractions in vivo have not been
determined in any reports. In our previous study, the antidiabetes activity in vivo assay from
methanol extract of Tectona grandis Linn. was reported and the concentration of 300 mg/kg
BW showed a significant reduction in blood glucose level (Nuralifah et al., 2021). Hence,
this research conducted additional in vivo antidiabetic assay utilizing the fractions from
Tectona grandis Linn., employing animal models with induced diabetes mellitus.

RESEARCH METHODS
Equipment and Materials

Oven (B-One®), rotary evaporator (Buchi®), the solvents are ethanol 96%, n-heksan,
aquades, and choloroform. HCI solution (Merck®), magnesium powder (Merck®), H.SO4
(Merck®), separotory funnel (pyrex®), test tube (pyrex®), NHz (Merck®), FeCls (Merck®),
dragendroff reagent, potassium acetate (Merck®), acetic acid, NaCMC, streptozotocin
(bioworld®), hematocrit microcapillary tube (Nesco®), UV-Vis spectrophotometry (DLab®),
centrifuge, tube centrifugation (Eppendorf®), incubator (Nesco®), vaculab EDTA K3
(Onemed®), reagent of GOD-PAP (Dumolab®), glass container, brown vial, glibenclamide
tablets (Indofarma®), electric chopper (Philips®), syringe (Onemed®). The experimental
animal used was a male white rat (Rattus norvegicus) Wistar strain, 3 months old, weighing
200-300 grams, obtained from the E-mentik farm, Kendari, Southeast Sulawesi. The ethical
clearance for animal subject use was approved by the Committee on Health Research Ethics
of the Institution of Research and Community Service, Universitas Halu Oleo, Kendari
(ethical clearance certificate number: 1006a/UN29.20.1.2/PG/2023). Tectona grandis Linn.
leaves were collected from Lapulu Village, Abeli subdistrict, Kendari City, Southeast
Sulawesi.
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Research Procedure
1. Preparation, Maceration, and Samples Fractionation
The leaves was harvested, collected, and determinated in Faculty of Teaching and
Educational Sciences Universitas Halu Oleo. Then the Tectona grandis Linn. leaves was
sorted, washed, ground, and dried in an oven preheated to 60°C to obtain dry simplicia
powder. Then, the simplicial powder (800 g) was subsequently macerated for three to
twenty-four hours in ethanol solvent to obtain the macerate. Next, the macerate was
collected and concentrated using a rotary evaporator to obtain the crude extract, and the
yield of the extract was calculated. The extract (30 g) was then fractionated using the
liquid-liquid partition method. The extract was dissolved in a solvent mixture of n-
hexane: aquades (1:1) with a volume of 200 mL in a separating funnel, shaken, and
allowed to stand for 5 minutes until two layers of n-hexane-water solution were formed.
The n-hexane layer was separated, collected, and concentrated until a crude n-hexane
fraction was obtained. The distilled water layer is to be partitioned again using
chloroform solvent (1:1) in 200 mL, shaken, left to stand, then separated, collected, and
concentrated to obtain the crude chloroform fraction. The same process is used for
partitioning with ethyl acetate solvent to obtain a crude ethyl acetate fraction. The yield of
n-hexane, chloroform, and ethyl acetate fraction respectively was calculated (Mistriyani
etal., 2018).
2. Phytochemical Screening
Analytical phytochemical screening was carried out on the n-hexane, chloroform,
and ethyl acetate fractions using a method with slight modifications (Yamin et al., 2020) :
a. Flavonoids
Each sample was taken in 1 mL and placed in a tube, then 2 drops of HCI
solution were added and shaken. Next, magnesium powder was added to the tube. A
positive result is indicated by a color change in the sample to orange, pink or dark red,
and yellow.
b. Alkaloids
Chloroform and NH; were added to each 1 mL sample and then heated using
hot water. One drop of H,SO, is added to the tube then Dragendorff's reagent is added.
The result is positive for alkaloids if the sample changes color to an orange or red or
brownish red precipitate.
c. Tannin
The sample was added with potassium acetate, and 1 mL FeCls. The sample is
positive if there is a color change to bright green, purple, red, blue, or black.
d. Saponins
Each sample (1 mL) was placed in a tube, 5 mL of hot water was added, and
shaken. After that, leave it for 10 minutes. The result is positive if foam forms and
does not disappear with shaking.
e. Terpenoids
The sample was added with 0.5 mL of acetic acid solution, then 2 mL of H,SO4
was added. Positive results for steroids are indicated by the formation of blue and
green colors. The formation of orange, purple, and golden yellow colors indicates a
positive test for triterpenoids.
3. Antidiabetic Activity Assay
a. Preparation of The Animal Models
The animals were adapted to familiarize the animals with a new environmental
condition, they are provided with standard food and drinks. The temperature in the
animal cave is always controlled, ranging from 18-26°C, with room humidity
maintained between 40-70%, in a light/dark cycle of 12 hours. Then, the animals were
divided into 6 groups, normal control (KN), positive control group given
glibenclamide 5 mg (0.04 mg) (K+), negative control group given Na-CMC 0.5% (K-
), treatment group given n-hexane fraction (P1), chloroform fraction (P2), ethyl acetate
fraction (P3).
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b. Preparation of the samples

The samples used in this study were the n-hexane, chloroform, and ethyl acetate
fractions. The sample was weighed according to the dose (300 mg/kgBB) calculation
results and the average body weight of the animals. Furthermore, each sample was
dissolved in Na-CMC 0.5% to produce a stock solution of 20 mL. The administration
volume is adjusted to the body weight of each animal with a percentage of
administration volume of 5 mL/200 gBW.

c. Animal modeling

The animals were fasted for 12 hours, and the fasting blood glucose levels of
the were measured as the blood glucose level at time O (TO) before being given
induction of streptozotocin (STZ). The animals with blood glucose levels more than
135 mg/dL were classified as diabetic animals and used for further antidiabetic assay.
Then, the animal groups of K+, K-, P1, P2, and P3 were induced with streptozotocin
(STZ) intraperitoneally (dose of 40 mg/KgBW). Then, the blood samples were
collected from the orbital sinuses of animal eyes, after the animals were fasted for 12
hours, and expressed as T1. Further, each treatment group was given therapy once a
day. After a week of therapy, the fasting blood glucose samples were taken from the
animals again as T2.

The fasting blood glucose levels of TO, T1, and T2 were analyzed using the
GOD-PAP (Glucose Oxidase — Aminoantipyrine Peroxidase) method. Briefly, the
blood samples of TO, T1, and T2 were centrifuged (3000 rpm, 15 minutes) to separate
the serum. Then, 10 mL of serum was taken and mixed with 1 mL of GOD-PAP
reagent solution. This sample was mixture and vortex for 5 seconds and after that the
sample was incubated for 10 minutes (37°C). The absorbance of the sample was
measured using spectrophotometry at a wavelength of 546 nanometers (Nuralifah et
al., 2021). The animal blood glucose levels were calculated using the following
formula (Putri et al., 2022) :

sample absorbance

Plasma glucose levels = % standard concentration(mg/mL)

standard absorbance

Data Analysis

Data from measurements of fasting blood glucose levels for each group are expressed
in the form of mean £ SD. The blood glucose levels of each group before and after STZ
induction were statistically analyzed by paired sample t-test (o = 5%). Data of blood glucose
levels after treatment were analyzed using the ANOVA (Analysis of Variance) method and
continued with the LSD post-hoc test using the IBM SPSS version 24 application.

RESULT AND DISCUSSION

Tectona grandis Linn., commonly known as teak, exhibits promising characteristics
that render it a viable candidate for pharmaceutical development. This botanical specimen
has a longstanding history of traditional usage for therapeutic purposes. The leaves of the
plant have been extensively documented to possess various pharmacological effects,
including antioxidant (Suryanti et al., 2020), antibacterial (Danlami & Simon, 2017), anti-
inflammatory, anthelmintic (Javalgikar et al., 2019), anticancer (Younis et al., 2023),
hepatoprotective (Deswal et al., 2019), and antidiabetic properties (Kushwah, 2018;
Nuralifah et al., 2021; Han et al., 2023). Extensive research has been conducted on the
utilization of Tectona grandis Linn. to reduce blood glucose levels. However, the current
research primarily focuses on the utilization of the plant's bark (Rajaram, 2013; Mishra et al.,
2021), root (Sharma & Samanta, 2011; Daswad & Wadher, 2022), and flower
(Ramachandran et al., 2011), with a limited investigation into the potential antidiabetic
properties of its leaves. Although various studies reported the presence of antidiabetic
compounds, such as phenolics, in numerous types of leaves (Atawodi et al., 2010; Jin et al.,
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2020). Hence, the present study was undertaken to investigate the potential antidiabetic
properties of Tectona grandis Linn leaves.

The Tectona grandis Linn. leaves (4 kg) were harvested and collected. The results of
the determination confirmed that the plant utilized was Tectona grandis Linn F., belonging
to the Verbenaceae family. The determination key was la-2a-3b-4b-5a-6a-7b-9a-10b-11a.
The samples were dried and ground and obtained 800 grams of dry simplicia powder. Next,
the simplicial powder was macerated using 96% ethanol solvent, then filtered to obtain the
macerate, and concentrated to be a crude extract (178.6 grams) with extract yield was
22.32% (w/w). The crude extract was fractionated by liquid-liquid partition. In the first stage
of partition, the extract was fractionated using n-hexane solvent to separate non-polar
compounds from the sample. The second stage of partition uses chloroform solvent to
separate semipolar compounds and is followed by fractionation using ethyl acetate to filter
more polar compounds. Each fraction was collected and concentrated until a crude fraction
was obtained and the fractions yield was calculated (Table I).

Table 1. Percentage of N-Hexane, Chloroform, Ethyl Acetate Fraction of Tectona
grandis Linn. Leaves

No. Sample Weight (g) Yield (%) (b/b)
1. nHexane fraction 1.72 5.73

2. Chloroform fraction 3.69 13.20

3. Ethyl acetate fraction 12.2 40.66

The chemical compound screening was carried out using the tube method with tests
for alkaloids, flavonoids, saponins, tannins, and terpenoids. The result of chemical
compound screening is seen in Table II.

Table 1. Results of Phytochemical Screening of N-Hexane, Chloroform, and Ethyl
Acetate Fraction Samples Using Tube Methods

Samples
Compounds Reagents N-Hexane Chloroform Ethyl acetate
Fraction Fraction Fraction

Alkaloids Dragendorff + HCI + + +
Flavonoids  Magnesium powder + + +

+ HCI
Tannin FeCls 1% - - -
Saponins Aquades + HCI
Terpenoids  Anhydrous acetic + + +

acid + HxSO4

Note: (+) Positive result containing compound. (-) Negative results contain compounds

The animal modeling carried out in this study aims to obtain type Il diabetes mellitus
animals with blood glucose levels of more than 135 mg/kgBW. The diabetogenic substance
used is streptozotocin (STZ) 40 mg/kgBB. Streptozotocin may increase blood glucose levels
and is predicted cause by the same structure of STZ with glucose, which facilitated the STZ
to enter the B cells via the GLUT2 transporter and accumulate intracellularly. STZ in cells
forms an alkylating agent, diazomethane (DAM), which causes DNA methylation and gives
rise to diabetogenic conditions (Goyal et al., 2016).

The results of measuring the fasting blood glucose levels of animals before and after
STZ induction can be seen in Figure 1. The measurement results show that there is a
significant difference (p<0.05) in the fasting blood glucose levels of mice after being given
STZ induction. Fasting blood glucose levels before STZ induction in the KN, K-, K+, P1,
P2, and P3 groups were 98.13; 102.14; 98.28; 98.77; 100.33; 105.59 mg/dL, respectively.
Meanwhile, the blood glucose levels of each group after STZ induction were 96.59; 291.95;

Tectona grandis Linn. : Antidiabetic Activity Of The Fractions... (Nurramadhani A. Sida, et al.)



160 ISSN : 2541-2027; e-1SSN : 2548-2114

327.49; 273.29; 291.24; and 315.12 mg/dL, respectively. This indicates that the diabetes
induction method was successful in increasing the blood glucose levels of the animals.
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Figure 1. The graph of fasting blood glucose levels in animal models before and after
streptozotocin induction.

Normal control (KN), negative control (Na-CMC 0.5%) (K-), positive control (DM +
glibenclamide) (K+), treatment (DM + n-hexane fraction 300 mg/kgBB) (P1), treatment
(DM + chloroform fraction 300 mg/kgBW) (P2), treatment (DM + ethyl acetate fraction 300
mg/kgBW) (P3).

The n-hexane, chloroform, and ethyl acetate fractions have antidiabetic potential. The
results of the antidiabetic assay show that administering fractions for seven days may reduce
the fasting blood glucose levels of the animal models significantly (p<0.05) compared to the
K- group. The blood glucose levels for groups K+, P3, P2, and P1 were 97.01; 110.96;
129.38; and 111.46 mg/dL, respectively (Figure 2). After seven days of therapy, the blood
glucose levels of the K+, P1, P2, and P3 groups showed significant differences (p<0.05) to
KN. This indicates that administration of glibenclamide, the n-hexane, chloroform, and ethyl
acetate fractions in 7 days of treatment, may only reduce the blood glucose level but could
not normalize it. Additional calculations in the form of percentage reduction in blood
glucose level were carried out to see the pattern of reduction in blood glucose level for each
group. The results obtained were that the largest percentage reduction was in the K+ group
(66.8%), followed by the P3 group (64.8%), P1 (59.2%), and P2 (55.6%) (Figure 3). The
ethyl acetate fraction showed a decrease in blood glucose level same as in the K+ group.

The effectiveness of the fractions in reducing blood glucose levels was assessed based
on the results of comparing the blood glucose level of each fraction to the K+ group. The
results of the LSD posthoc analysis showed that all fractions had no significant differences in
blood glucose level (p>0.05) to K+. These results indicated that the fractions have the same
effectiveness in reducing blood glucose levels as the K+ group statistically.
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Figure 2. The graph of fasting blood glucose levels of the animal model after therapy.

Data in the form of animal blood glucose levels before therapy (HO) and after
therapy for seven days (H7). Normal control (KN), negative control (Na-CMC 0.5%) (K-),
positive control (DM + glibenclamide) (K+), treatment (DM + n-hexane fraction 300
mg/kgBB) (P1), treatment (DM + chloroform fraction 300 mg/kgBW) (P2), treatment (DM +
ethyl acetate fraction 300 mg/kgBW) (P3).
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Figure 3. The graph of the percentage (%) reduction in fasting blood glucose levels of
animals after being given therapy for 7 days.

In the blood glucose level measurement results, the interesting thing was that the ethyl
acetate fraction showed better potential in reducing blood glucose levels than the chloroform
and n-hexane fractions. This may be caused by the chemical compounds extracted by each
solvent. The polarity index of each solvent influences the ability of a solvent to extract
compounds. The polarity of the solutions, nHexane, chloroform, and ethyl acetate, is 0.0;
4.1; and 4.3, respectively (Pernak et al., 2016). This polarity shows how polar the solvent is
and affects the compounds that can be extracted. Ethyl acetate is semi-polar, and the greatest
amount of the compound is extracted using this solvent. Chloroform is considered a more
non-polar solvent than ethyl acetate, so it can extract more non-polar compounds. While n-
hexane is a nonpolar organic compound that is commonly used to remove fat from samples,
many substances that dissolve in n-hexane during extraction are nonpolar, including
octacosane and fatty acid derivatives (Jafarian et al., 2012).

The chemical compound of the ethyl acetate fraction of Tectona grandis Linn. has
been isolated in different studies, and it is known that there are flavonoid compounds
dihydroquercetin or taxifolin, and hesperidin (Ghareeb et al., 2013). In different studies, it
has been reported that taxifolin has antidiabetic activity through an activation mechanism by
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phosphorylating Akt and AMPK, and promoting translocation of glucose transporter 4
(GLUT4) to the plasma membrane from the cytosol of L6 myotubes via the PI3K/Akt and
AMPK signaling pathways (Kondo et al., 2021). The publication of antidiabetic activity
from hesperidin has been reported, and it is known that this compound can regulate
glycolysis and gluconeogenesis by increasing glucokinase activity, inducing phosphorylation
of the insulin receptor (IR) and phosphoinositide-dependent kinase 1 (PDK1), while
reducing the activity of glucose six phosphatase and phosphoenolpyruvate carboxykinase. in
the liver. In cell-based assays, hesperidin increased adipocyte glucose uptake (Peng et al.,
2020). The presence of these compounds is thought to be the cause of the potential and
effectiveness of Tectona grandis in reducing blood glucose levels in animal models.

CONCLUSION

Tectona grandis Linn. is a plant that has the potential to be developed into an
antidiabetic drug, and the ethyl acetate fraction can reduce blood glucose levels more
effectively than the n-hexane and chloroform fraction groups.
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