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ABSTRACT

Introduction: the natural benefits of raru as a natural sweetness reducer. Batak people have practiced for
generations, form the basis for exploring raru as a biomedicine ingredient for anti-diabetes.

Objective: this study aims to combine the raru’s bark extract with tapioca-derived MAC (mocaf activated
carbon) to assess its effectiveness and bioactivity as an anti-diabetic agent in male Sprague Dawley rats.
Methods: The carbonization technique used was inherently hydrothermal carbonization. For such, the
modified tapioca flour was carbonized at a temperature of 250°C for 6 hours. Raru bark powder was extracted
using ethanol 70 % by maceration for 72 hours. In vivo antidiabetic activity was used on Sprague Dawley rats,
male, aged + 12 weeks, with a weight of + 250-350 grams.

Results: the result showed that the anti-diabetic activity of the combined raru’s extract and MAC exposed to
the rats brought about the declines in glucose levels in the rat’s blood. The various treatments at different
concentration ratios of raru’s extract and MAC supposedly efficacious in the experiments showed that the
levels of blood level reduction were slightly varied (14-21 %). The mixture of raru’s extract and MAC with a
75:25 ratio was better than a 50:50 ratio in lowering the blood glucose level.

Conclusion: In vivo experiments can reduce blood sugar levels diabetic rats. The involvement of MAC in the
alleged anti-diabetic agent did little to induce the glucose level decrease in the rat’s blood. However, raru’s
extract and MAC indicate its potential utilization as an anti-diabetic agent.

Keywords: Antidiabetic; Extract; In-vivo; MAC; Raru.
RESUMEN

Introduccion: los beneficios naturales del raru como reductor natural del dulzor, que el pueblo Batak ha
practicado durante generaciones, constituyen la base para explorar el raru como ingrediente biomedicinal
para la diabetes.

Objetivo: este estudio busca combinar el extracto de corteza de raru con MAC (carbdn activado de mocafé)
derivado de tapioca para estudiar su eficacia y bioactividad como antidiabético, probado en ratas macho
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Sprague Dawley.

Método: la técnica de carbonizacion empleada fue esencialmente hidrotermal. Para ello, la harina de tapioca
modificada se carboniz6 a 250 °C durante 6 horas. El polvo de corteza de raru se extrajo con etanol al 70 %
mediante maceracion durante 72 horas. La actividad antidiabética in vivo se aplico a ratas Sprague Dawley
macho, de + 12 semanas de edad y con un peso de + 250-350 gramos.

Resultados: los resultados mostraron que la actividad antidiabética de la combinacion de extracto de raru y
MAC expuesta a ratas provoco la disminucion de los niveles de glucosa en sangre. Los diversos tratamientos
con diferentes concentraciones de extracto de raru y MAC, supuestamente eficaces en los experimentos,
mostraron una ligera variacion en la reduccion de los niveles sanguineos (14-21 %). La mezcla de extracto de
raru y MAC en una proporcion de 75:25 fue mas eficaz que una proporcion de 50:50 para reducir el nivel de
glucosa en sangre.

Conclusion: los experimentos in vivo pueden reducir los niveles de azlicar en sangre en ratas diabéticas. La
participacion del MAC en el supuesto agente antidiabético tuvo poca influencia en la disminucion del nivel
de glucosa en sangre de la rata. Sin embargo, el extracto de raru y el MAC indican su potencial uso como
agente antidiabético.

Palabras clave: Antidiabético; Extracto; In vivo; MAC; Raru.

INTRODUCTION

Diabetes is an alarming health problem today as nearly half a billion people worldwide have diabetes,
including big countries such as China and the United States. Data from the International Diabetes Federation
alleges that 1 in 11 people aged 20-79 years has diabetes and 1 in 2 adults is at risk of suffering undiagnosed
diabetes. Indonesia is one of the ten countries with the highest diabetes cases globally. Researchers have
widely studied the effectiveness of natural extracts as anti-diabetic agents to manage the risk of diabetes,
discovering several kinds of natural product compounds, such as indole alkaloids, which have been confirmed
to afford specific anti-diabetic effectiveness in vitro and in vivo.®

Researchers are also developing the exploration of natural ingredients as anti-diabetic remedies by paying
attention to the potential of locally available natural ingredients. Chinese researchers studied the Chinese
Sesbania cannabina plant, and scientists in Africa studied the potential of Ajuga remota Benth leaf extract
as anti-diabetic agent.®4 Furthermore, the Indian researcher reported several traditional medicinal plants as
anti-diabetic agents, such as Gymnema sylvestre, Momordica charantia, Trigonella foenum graecum, Tinospora
cordifolia and Curcuma longa in in-vivo and clinical studies.® In Sri Lanka, there are several medicinal plants
for anti-diabetics, such as Salacia reticulata, Coccinia grandis, Ipomoea aquatica, and Osbeckia octandra.
Researchers have subjected all of the plants to clinical trials.® Indonesia, as a country with high biodiversity,
has several types of herbal plants that allegedly have anti-diabetic properties such as leaf extracts of
consecutively Annona muricata (Soursop), Andrographis paniculata (Sambiloto), Averrhoa bilimbi (Belimbing
wuluh), Diospyros kaki (Persimmon fruit/kesemek) and Curcuma xanthorrhiza (Temulawak).” The potential
of Indonesia’s natural resources as anti-diabetic medicine is not only limited to those commodities. It also has
other unique local potentials in certain areas, such as raru (Vatica perakensis) bark extract from Sumatra.

Pasaribu, G. have identified several types of plants as Raru wood, which includes Shorea maxwelliana, and
Shorea faguetiana. Cotylelobium melanoxylon, Vatica songa from the Dipterocarpaceae family, and Garcinia
sp. from the Guttifera family.® Raru (Cotylelobium sp.) bark extract is known to have antioxidant properties.
The Batak community usually uses this bark as a mixture for tuak (traditional drinks) in North Sumatra. It’s
important to note that local people strongly believe in the anti-diabetic properties of raru bark, which adds
a cultural significance to the research. This belief is rooted in their traditional knowledge and practices, and
it underscores the potential of indigenous knowledge in the development of anti-diabetic treatments.®'® In
addition, extracts from the Raru stem bark of Vatica pauciflora Blume and Cotylelobium sp. have been tested
in vitro and in vivo as antidiabetic agents.®

Researchers continue to investigate and develop the anti-diabetic potential of Raru extract especially with
advancements in drug formulations to accelerate the effectiveness through the involvement of nanoparticles
(NPs) loading techniques. Several research documentes the use of nanoparticles as antidiabetic loading agents,
such as nano chitosan, nano Zinc oxide, nano solid lipids, and nanofibrous scaffold.("'2'3 The use of polymeric
NPs, which acted acts as a carrier of drugs to target sites by reducing the adverse side effects, and the
entrapment of anti-diabetic ingredients brought about the ingredient release to more selectively reach the
targeted diabetic cells.™ The results revealed that the approach used in nanoparticles as anti-diabetic loaders
seems to be a promising strategy to enhance the oral efficacy of oral antidiabetics. However, pore size and
morphology of the carriers are the main factors affecting the drug loading and release, including the use of
anti-diabetic agent nanoparticles.
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One of the materials with a porous structure and high adsorption capacity is activated carbon. Activated
carbon is an amorphous carbon material possessing a large surface area. Activated carbon is considered
inexpensive, commercially available, non-toxic and consists of a three-dimensional interrelated pore structure
in a large amount with various sizes on a nanometer scale which is further classified as consecutive micropores
(<2 nm), mesopores (2-50 nm) and macropores (>50 nm).® [t has been employed as an adsorbent for removing
the reaction mixture’s smell, coloration, and impurities.”

The use of activated carbon as drug delivery was studied in 1997 as an anticancer drug and applied to
digestive cancer in patients in whom the operation is contrarily indicated.® Recently, a drug-encapsulated
carbon (DECON) has been developed as an enhancer of antiviral drug delivery of acyclovir (ACV). The results
showed that the involvement of DECON reduced the dosing frequency, shortened treatment duration, and
improved therapeutic efficacy more than topical or systemic antivirals alone. Although the use of activated
carbon has been extensively studied as a drug delivery agent, some studies have used carbon microparticles
and have been tested to contain fever medications such as ibuprofen, paracetamol, and high blood pressure
medication carvedilol.('®20.21.22 However, a study that reported the effectiveness of activated carbon on the
nanoscale and used as an anti-diabetic has not yet to be reported. Relevantly, in this study, we successfully
elaborated the performance of Raru (Vatica perakensis) bark extract as the anti-diabetic agent, combined with
a nano-activated carbon (i.e. mocaf activated-carbon/ MAC) as the agent carrier, which was tested in vivo.
This study is expected to encourage the utilization of medicinal plants from Indonesia and enrich the oral drug
formulation technology with high effectiveness, and all the related detailed results are the following. The
combination of raru extract and MAC is intended to increase effectiveness and anti-diabetic bioactivity.

METHOD
Plants Materials

The bark of Raru (Vatica perakensis) was collected from the locality of Riau Province, Indonesia in June 2018
with GPS location: latitude 1°15’34.63” N and longitude 101°12°47.15” E. Mr. Abdurrahman Kartonegoro, a
Botanist at Herbarium Bogoriensis, Indonesia, confirmed the plant’s identity. A specimen coded as (BO-1273383)
was deposited at the Herbarium Bogoriensis, Indonesia.

Activated carbon preparation and characterization

Nano-activated carbon was made from tapioca flour. Mocaf mass is 15 % of the water volume. Mocaf is
cassava flour modified through fermentation using microbes. The carbonization technique used was inherently
hydrothermal carbonization. For such, the modified tapioca flour was carbonized at a temperature of 250°C
for 6 hours using water as media, which was placed as much as a third of the carbonizing digester volume. In
this way, the hydrothermal carbonization brought out the product called modified carbonized tapioca flour
(abbreviated as Mocaf).

The resultant hydrothermal-carbon (Mocaf) was then rinsed with hot water until the pH reached 7.
Activation (of hydrothermal-carbon) was employed using a superheated water vapor at a temperature of 800°C
for 30 minutes to obtain the mocaf-derived activated carbon. Afterwards, the resulting Mocaf activated-carbon
(abbreviated as MAC) was rinsed using distilled water until the pH reached 6-7. The morphology of activated
carbon was observed using a Scanning Electron Microscope (SEM) instrument of Type Zeiss EVO 50 (Zeiss,
Germany) and was operated at 10 kV. Crystallite structure, porosity, particle size, and elemental analysis
of activated carbon were observed using X-Ray Diffractometer (XRD); Surface Area Analyzer; Particle Size
Analyzer (PSA), and X-Ray Fluorescence (XRF), respectively. The observed physical properties of activated
carbon included moisture content, ash content, fixed carbon, volatile content, pH, and iodine adsorption
capacity, and then were compared with the Indonesian National Standard (SNI).

Raru Bark Extraction

The barks of Raru (Vatica perakensis) were dried (under the shade). Afterward, the dried barks were
ground to powder in a mechanical grinder (of hammer mill type) and sieved using a 40-60 mesh screener. Raru
bark powder that passed through the sieve/screener was extracted using ethanol 70 % by maceration for 72
hours. Afterward, the bark extract liquid was filtered (to separate it from the extracted bark powder), then
concentrated in a rotary vacuum evaporator (Buchi R-100) at 50°C temperatures. After evaporation, a dry
extract will be obtained and used in the following experiment.

In vivo antidiabetic activity

Sprague Dawley rats, male, aged + 12 weeks, with a weight of + 250-350 grams were obtained from the
Animal and Food Testing Center of the Food and Drug Supervisory Agency of Indonesia. The rat animals were
placed in cages with 2-3 mice per cage at room temperature of 25°C with a humidity of 60-70 %. Animals were
fed 15 gr of conventional diets/day and water ad libitum. The number of approvals of the Ethics Committee
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in 019-2018 KEH TROP BRC. The procedures were performed accordance with principle of animal welfare, and
the research procedures using experimental animals at SVMBS IPB University. Sprague Dawley rats were fasted
16 hours before induction using STZ streptozotocin (STZ) (Nacalai). Blood glucose levels of rat animals were
checked using the Accu check ® test strip to determine the basal condition of the experimental animals. The
animals were induced (infected) with streptozotocin (STZ) (Nacalai) at a dose of 45 mg/kg of the rat body
weight and the route of injection (intraperitoneal is standard), previously dissolved in Citrate Buffer 0.05 M
with pH 4.5, and then were injected intraperitoneally into the rats. After 48 hours, the rats’ sugar (glucose)
levels were observed using Accu Check ®, and then their serum was taken to check blood glucose levels. The
rats were declared induced diabetes if the blood glucose level was > 250 mg/dL,
Sprague Dawley rats were randomly divided into six groups (each containing seven rats), and the details
were as follows:
e Group I: Normal group; the rats were orally administered with distilled water and a standard pellet
diet (n=7)
e Group lI: Positive control group, the rats were orally administered (infected) with STZ and
glibenclamide® (n=7)
e Group lll: Negative control group, the rats were orally administered with STZ and distilled water
(n=7)
e Group IV: Treatment 1, rats were orally administered with STZ and 350 mg of Raru extract/kg of
rat body weight
e Group V: Treatment 2, rats were orally administered with STZ and 350 mg of Raru extract/kg of rat
body weight of Raru extract and nano-activated carbon in a ratio of 75:25 (w/w).
e Group VI: Treatment 3, rats were orally administered with STZ and 350 mg of Raru extract/kg of
rat body weight of Raru extract and nano-activated carbon in a ratio of 50:50 (w/w).

Initially, each treatment or group (I-VI) was employed to proceed for 4 weeks. At the end of 4-week
treatments, the rats fasted for 16 h, and the fasted blood glucose (FBG) levels (in the fasted rats) were
detected using Accu Check ® 6 times before STZ induction, 48 hours after STZ induction and at days 7, 14, 21,
and 28 after 4-week treatments.

After 4 weeks of feeding, the rat animals (formerly in all 6 groups) were euthanized using the exsanguination
method (anesthetized with ketamine as much as 80 mg/kg of rat body weight and with xylazine as much as 10
mg/kg of body weight, and the rat blood was taken as much as possible from the heart). Then, the rat pancreas
was taken for histopathological examination.

Statistical analysis
To compare between groups, one-way ANOVA was used with p<0.05 considered significant. Data are presented
as mean = SD.

RESULTS
Characterization of Hydrothermal-Carbon and Activated-Carbon

The characterization includes the scrutinizing the physical properties of carbon generated from the
hydrothermal carbonization on modified-tapioca flour (hydrothermal carbon or Mocaf); and of the Mocaf
activated carbon (MAC), produced by the activation of hydrothermal carbon (Mocaf) using the high temperature
of superheated water vapor. The results are described in table 1.

Table 1. Proximate analysis of initial hydrothermal carbon and activated carbon made of mocaf

Items Yields lodine Proximate ( %)
(%)  adsorption Moisture Ash content Volatile Fixed carbon
(m*/g) content
Hydrothermal carbon 37,77 256 4,18 0,17 47,26 43,39
Mocaf activated carbon 24,00 834 3,48 1,57 5,43 89,52
Indonesian National n.d Min: 750 Max:15 Max: 10 Max: 25 Min: 65
Standards

(SNI 06-3730-1995)
Remarks: Min= minimum; Max= Maximum n.d= not determined

This result was incompatible with the resulting proximate analysis in table 1. However, hydrothermal
carbon’s hydrogen and oxygen contents were higher than those of activated carbon. The higher oxygen content
of hydrothermal carbon can be attributed to the higher degree of surface oxidation.? The higher loss of
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oxygen in activated carbon (final value = 13,55 %) is related to the aromatization process that continues when
the temperature increases in the activation process and indicates that furans structures are consumed in the
carbonization process.®%

The results of XRD analysis also confirmed the structural changes that occurred during the carbonization
process. The XRD diffractogram showed the differences among raw mocaf, hydrothermal, and activated carbon
(figure 1-3). Hydrothermal carbonization has changed the structure of mocaf into amorphous hydrochar. The
further process generated activated carbon with a hexagonal carbon structure, as shown in the peak at 2 thetas
in angles around 24 and 43 degrees (figure 3). Observed diffraction peaks ranged from 20 to 46 two theta values,
which corresponded to the Braggs reflective plane values and it is often used as an approach to analyzing the
optical properties of carbon fiber composites.? There are two types of diffraction peaks at 2 theta values of
22,5 and 43,0, which could be ascribed to reflections from the (002) and (110) crystal planes. %
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Isotherms of adsorption and desorption of N, gas were used to determine the surface area, pore volume, and

https://doi.org/10.56294/saludcyt20252665 ISSN: 2796-9711



Salud, Ciencia y Tecnologia. 2025; 5:2665 6

estimated pore diameter of hydrothermal carbon as well as activated carbon. Hydrothermal carbon revealed
lower surface area, lower total pore volume, and higher pore diameter than activated carbon. Based on the
classification of pores in solid materials, hydrothermal carbon had mesopores (2-50 nm), while activated carbon
had supermicropores (0,7-2 nm).” The surface area of resultant activated carbon prepared by water vapor
activation (690,451 m?/g) was much lower than that of activated carbon produced by combining hydrothermal
carbonization with NaOH activation, which showed a surface area of 1 282,49 m2/g. The total pore volume
and surface area of hydrothermal carbon were lower because, during hydrothermal carbonization, the pore
development did not occur enormously due to the recondensation of volatile substances. However, in the
hydrothermal process, the primary chemical components of lignocellulosic materials changed the cell wall
structure and altered the surface properties.®”

The volume of activated carbon micropores was higher than the volume range of micropores for activated
carbon, which ranged from about 0,02-0,1 cc/g.@® Accordingly, it can be assumed that superheated water
vapor activation generated more micropore structures.

Hydrothermal and activated carbon pore structure formation could be observed from the isothermal
adsorption/desorption curves of nitrogen (N2) gas. A slower adsorption/desorption rate indicated the least
active sites formed on hydrothermal carbon during the hydrothermal carbonization process.® The type |/
IV characteristics, with solid N, adsorption at low relative pressure (P/P)) and slightly steep N, adsorption
trend/curve at high relative P/P indicating that micropores and mesopores/macropores coexisted in activated
carbon.@

The pore distribution curves of Dubinin Astakov showed that activated carbon had a smaller pore size, which
dominated over its surface when compared with the size of hydrothermal carbon. Based on the classification
of pores in solid materials, hydrothermal carbon was predominantly mesoporous (2-50 nm), while activated
carbon had supermicropores (0,7-2 nm) and ultra-micropores (< 0,7 nm)."” Pore size distribution has been used
to describe activated carbon’s internal structures and adsorption capacities. The large number of micropores
on activated carbon can be attributed to the development of mesopores from hydrothermal carbon formed
during the activation process.

In-vivo antidiabetic activity

Mocaf activated carbon (MAC), derived from modified tapioca flour, was combined with Raru‘s bark extract
and then applied (as an antidiabetic agent) to reduce the blood glucose level in the experimented rats. The
combination of raru extract and MAC is intended to increase effectiveness and bioactivity. Results indicate that
the given treatments (expressed as Group IV-VI) positively lowered the blood glucose level in the experimented
rats (table 2). The highest lowering value (blood glucose level) was found in pure rare extract, followed by
75:25 rare extract+MAC and 50:50 rare extract+MAC. It is indicated that there was no significant effect of the
presence or involvement of activated carbon (MAC) in lowering the blood glucose levels in the rats (table 2).

Table 2. Blood glucose-lowering effect of raru extract and MAC in diabetic rat

Groups (Treatments) Initial blood glucose Final blood glucose Blood glucose
level (mg/dl) level (mg/dl) level decrease ( %)

Group | (Normal) 126,24 154,42 (18,25)+3,47

Group I/ Positive control (C+) 356,10 322,05 34,05+4,36

Group llI/ Negative control (C-) 383,68 467,75 (17,97)+8,32

Group IV/ Raru’s extract, dosage 350 321,01 250,58 21,94+3,45

mg/kg BW

Group V/ Raru’s extract +(MAC) 413,95 335,94 18,85+2,43

=75:25, dosage 350 mg/kg BW

Group VI/ Raru’s extract +(MAC) 354,59 301,50 14,97+2,54

=50:50, dosis 350 mg/kg BW
MAC: Mocaf Activated Carbon

Table 3. Bodyweight (g) of diabetic rats induced with STZ before and after 28 days treatment of raru
bark extract and MAC

Groups (Treatments) Before (g) After (g) % change
Group | (Normal) 313,2 335,0 6,5+2,34
Group I/ Positive control (C+) 280,4 229,8 (22,0)x2,25
Group lll/ Negative control (C-) 254,0 264,0 3,8+1,24
\Group IV/ Raru’s extract, dosage 350 mg/kg BW 374,8 210,8 (30,4)+2,68 \
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Group V/ Raru’s extract +(MAC) =75:25, dosage 350 mg/kg BW 278,2 200,4 (38,8)+3,76
Group VI/ Raru’s extract +(MAC) =50:50, dosis 350 mg/kg BW 325,0 224,3 (44,9)+3,25
MAC: Mocaf Activated Carbon

Table 3 presents the effects of raru extract and MAC on rats’ body weights. The drastic weight loss cannot
yet be explained whether it is due to the effect of the therapy used or a decrease in the appetite of the test
animals.

DISCUSSIONS

During the hydrothermal carbonization process, the precursor derived from biomass (modified tapioca flour)
was converted into valuable carbon materials using water as a reaction medium under self-generated pressures,
bringing out the so-called hydro char.®) Accordingly, the moisture content (MC) of hydrochar is relatively higher
than that of regular/conventional char (without water involvement). The hydrothermal carbonization process
has a low energetic impact. Using polysaccharides as raw materials (e.g., tapioca flour) will produce carbon
microspheres with uniform sizes under very mild process conditions.®® The yield of activated carbon was lower
than that of hydrochar. This result was commensurate with the previous studies that used hydrothermal carbon
as a precursor of activated carbon from tapioca and cassava flour.?

In general, the properties of activated carbon from mocaf could meet the Indonesian National Standards
(table 1). lodine adsorption and fixed carbon of activated carbon were higher than those of hydrochar. The high
iodine adsorption value was related to the highly microporous activated carbon generated during the activation
process.®Y This porous structure is formed from residual carbon atoms that have arranged themselves into
flat aromatic sheets that are cross-linked randomly with each other, and the interstices in these irregularly
aromatic sheets give rise to the porosity upon which the properties of activated carbon mostly depend.®? The
porosity development of activated carbon was extremely influenced by the temperature of the hydrothermal
carbonization process, regardless of the different biomass parents (origins). Conversely, higher hydrothermal
temperatures led to lower porosity development. @

The tendency of lower effectiveness/efficacy with larger doses of activated carbon (75:25 vs. 50:50) was
likely due to the incorporation of raru extract on activated carbon. In this study, raru extract was arranged to
be incorporated into activated charcoal pores, which was part of the passive delivery strategy, where the bark
extract (presumed as the active compound) was physically incorporated into the internal cavity (in the active
carbon) and then stabilized by non-covalent interactions between the extracts and nanocarriers, i.e., MAC.G"
The existing non-covalent bond between the activated carbon and the raru extract was fragile, affecting the
extract-delivery process and the extract’s effectiveness in the targeted diabetic cells."3¥

Furthermore, Mirilaya and co-authors mentioned that drug compounds loaded on activated carbon afforded
faster drug release, which was influenced by the wettability of activated carbon and the melting process that
occurred when the drug compounds interacted with the surface of activated carbon, which further could
weaken the intermolecular bond between the drug compounds and activated carbon.®

The results of this study strengthened the previous research, where Vatica perakensis’ bark extract with
an in-vitro method could inhibit the activity of alpha-glucosidase enzyme up to 92,57 %.® However, this result
differed from Anisah’s study’s results, in which the percentage decrease in glucose levels in rats treated with
jabon extracts and jabon extract + hydro-activated carbon was 26,61 % and 30,85 %, respectively. There was
an alleged effect of anti-hyperglycemic activity with the addition of hydro-activated carbon. The same thing
concerning the glucose-level decrease was seen in the samama (different with raru extract) bark extract and
the samama bark extract + hydro activated carbon, which were 25,82 % and 31,60 %, respectively.® This
difference is caused by the different types of extract and characteristic of activated carbon used.

In accordance with previous research on antidiabetic activity using the alpha-glucosidase inhibition method,
the compounds responsible for antidiabetic activity are phenolic compounds. This aligns with research conducted
by Deka et.al.®> The weight loss observed in the STZ-induced diabetes model indicates a significant decrease in
body mass due to loss of pancreatic B cells, hyperglycemia, and insulin deficiency leading to increased fat and
protein catabolism for the body’s energy supply. 9

However, the limitations of this research are no pharmacokinetic data and no the investigation of mechanism
of action. For the next, we will take concrete next steps: (a) optimize the loading and release profile of the
extract onto MAC in vitro; (b) characterize the surface chemistry of MAC; (c) perform phytochemical analysis
to identify the active compounds; (d) investigate other mechanisms (e.g., insulin secretion, insulin sensitivity.

The research’s implication strengthens the findings obtained in previous in-vitro research, so the direction
of development will be clear in further research. However, this research has limitations because it cannot
explain the mechanisms occurring in the combination of raru extract and MAC.
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CONCLUSIONS

The varying percentages in a particular mixture proportion between raru’s extract and MAC were not
significantly different from each other in lowering the blood glucose levels (18 %) in the experimented diabetic
rats, where the levels were even slightly lower than those of solely raru’s extract treatment (21 %).

The mixture of raru’s extract and MAC with a 75:25 proportion ratio was better than a 50:50 ratio in
lowering the blood glucose level. The porous structure of activated carbon has been suggested to be used as a
potential carrier of drugs (i.e. raru’s bark extracts). However, it is necessary to pay attention to the physical
characteristics of activated carbon which could greatly affect its performance in lowering blood glucose levels.
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