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ABSTRACT

Introduction: Myrmecodia platytyrea, locally known as ‘Sarang Semut’, is an epiphytic plant native to Asia 
and the Asia Pacific. The tubers were traditionally used to manage cancer, hyperuricemia, and coronary heart  
diseases. Scientifically, the aqueous tuber extract has potential pharmacological benefits, including anti-cancer,  
anti-diabetic, and anti-inflammatory properties. Since the extract had no acute or subacute toxic effects, it might 
be used as a supplement to reduce inflammation and improve physiological functioning with better bioavailability  
than conventional preparations. This study aims to investigate the subacute toxicity of the microgranulated  
aqueous extract of M. platytyrea tuber (gMPAE). Methods: The formulation of the microgranules was established 
and analysed using a scanning electron microscope (SEM). The subacute oral toxicity study was carried out. The 
female nulliparous and non-pregnant ICR mice were divided into three groups (n=5), a group treated with normal 
saline (control group), a group treated with a placebo (blank microgranules), and a group treated with gMPAE, 
orally once daily for 28 days. Results: The gMPAE was produced using a spray-dry method and displayed micro-
particles with irregular shapes typical for spray-dried formulations. The sub-acute toxicity study showed no physical 
or behavioural changes in both placebo or gMPAE-treated mice compared to the control mice, with no mortality 
observed after 28 days of treatment and no signs of delayed occurrence of toxic effects 14 days post-treatment.  
Conclusion: Standardised spray-dried microgranules of M. platytyrea tuber aqueous extract were successfully  
developed to enhance the extract’s efficacy and are safe to be used as health supplements. 
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INTRODUCTION

Rubiaceae is in a large Angiosperm group, belongs to 
the madder family, and orders Gentianales. Rubiaceae, 
which includes 611 genera with 13,150 species of 
herbs, trees, and shrubs, is dispersed mainly in tropical 
countries (1). Myrmecodia is native to Southeast Asia 
countries such as Indonesia and Malaysia, Vietnam, 
Thailand, Philippines, Indochina, The Cape York 
Peninsula, and Northern Queensland in Australia (2-6). 

Ant colonies used Myrmecodia plants as their nest 
because it is very specified tuber and modified stems. 
According to Orhan et al. (2010), Myrmecodia sp 
has anti-inflammatory, antibacterial, anti-allergic, 
anti-viral, anti-mutagenic, anti-carcinogenic, and 
antioxidant activity due to flavonoids (7). However, 
only a few studies were done on a particular species 

of Myrmecodia, M. platytyrea. The uniqueness of this  
tuber is the red hypocotyl rich with polyphenols. 
The aqueous extract of M. platytyrea tuber has many 
pharmacological properties, including anti-cancer, anti-
diabetic, and anti-inflammatory properties, to name a  
few (4-6, 8). Moreover, the extract showed no oral acute 
and subacute toxic effects, thus safe for consumption  
(9, 10). M. platytyrea tubers are mostly ingested 
traditionally as a decoction from dried tubers or 
encapsulated grounded powder of the tubers. However, 
the decoction method or the crude powder has poor 
bioavailability and low shelf life. Instead of using the 
tuber as a decoction, the extract can be standardised 
to optimise efficacy and absorption. Pharmaceutical 
microgranulation uses spray drying to create 
homogeneous microparticles for better distribution (11). 
Microgranulation optimises and evenly delivers drugs 
and nutraceuticals, such as vitamins or phytonutrients, 
to systemic circulation, improving bioavailability. 
This technique can increase pharmaceutical and  
nutraceutical efficacy and product performance (11). 
Thus this study aimed to formulate M. platytyrea 
aqueous tuber extract into microgranules that can 
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protect the active ingredients in the plant extract and 
improve their bioavailability. Subacute oral toxicity  
was also conducted to ensure the safety of the 
formulation.

Therefore, transforming the extract into a microgranulated 
health supplement would result in increased 
bioavailability, enhanced stability, and improved 
efficacy, ultimately leading to an enhancement in the 
overall quality of life. 

MATERIALS AND METHODS

Preparation of M. platytyrea crude extract
M. platytyrea tubers were collected from the highlands  
of Sulawesi and identified by botanist Prof. Dr. Eko 
Baroto Walujo from the Herbarium Bogoriense at the 
Research Center for Biology of the Indonesian Institute 
of Sciences in Bogor, Indonesia. The dried tubers of M. 
platytyrea were ground into powder form. The powder 
was boiled with distilled water (1:9) for 15 min and 
filtered using filter paper (Whatman No.1). The solvent 
in the filtrate was eliminated using a rotary evaporator 
(Heidolph, Germany) under reduced pressure at 100 
mbar, 40oC. This step is crucial to ensure the final 
product after lyophilisation is a fine and more soluble 
powder. The concentrated filtrate was then stored at 
-80ºC for three days and freeze-dried (AAPPTec, USA) 
to obtain the dried powder of the aqueous extract. 
The extract was kept at -20°C until further use. The  
decoction method used was a modified method for  
the preparation of the aqueous extract (12).  

Development of the microgranulation process of  
M. platytyrea aqueous extract (MPAE) 
Standardised MPAE was formulated using a fluidised  
bed spray granulation  (spray-dried granulation), a 
method for making free-flowing granulate from liquids 
(NR FB-5, Thailand) (13). MPAE was dissolved with 
distilled water and sprayed into a spray dryer chamber 
containing maltodextrin and lactose (various ratios 
of 1:1, 1:2, 1:3, 1:4, 1:5, 1:6, 1:7 and 3:1) to produce 
stable dried microgranules. The volume of binder, 
drying time and spray jet speed were optimised to allow 
the production of very fine granules. The spray-dried 
microgranules were collected in a reservoir connected 
to a cyclone, cooled to room temperature (24oC). The 
microgranules were seived using a 100 µm test mesh 
(Buch & Holm, Denmark) to obtain the desired diameter 
granules and then kept in sealed vials before being 
characterised and put to use.

Determination of surface morphology of the 
microgranulated M. platytyrea aqueous extract 
The size, shape, and structure of microgranules were 
examined using a scanning electron microscopy (SEM) 
(FEI Quanta 450 FEG, Netherlands). Before analysis, a 
platinum coating (50s) was applied to the microgranule 
samples. SEM magnification of 100x was used for the 

100 µm granules to examine the morphology of the 
particles and the micrographs were acquired at room 
temperature and analysed using an acceleration voltage 
of 5 kV. The method used was from the previously 
described method (14). 

Experimental mice 
The female nulliparous and non-pregnant ICR mice  
(18-25 g, 8 weeks) were provided by Laboratory Animal 
Facility and Management (LAFAM), Faculty of Pharmacy, 
Universiti Teknologi MARA. They were housed in 
individually ventilated cages (Alternative Design, USA) 
with a 12:12 h light/dark cycle, a temperature of 22°C  
(3°C), and relative humidity of 50–60%. Mice were  
given access to a commercial meal pellet (Gold Coin 
Sdn. Bhd., Malaysia) and unlimited filtered tap water.  
The study received approval from the Committee 
on Animal Research and Ethics Universiti Teknologi 
MARA(UiTM CARE) UiTM CARE: 339/2021 (2 April 
2021).

Determination of subacute oral toxicity of the 
microgranulated M. platytyrea aqueous extract 	
The female ICR mice (18-25 g, 8 weeks) were divided 
randomly into three groups (n=5), consisting of a group 
treated with normal saline (control group), a group  
treated with a placebo (blank microgranules), and a 
group treated with gMPAE (consisting 400 mg/kg of 
extract). The mice were given the treatments orally 
using an oropharyngeal cannula once daily for 28 days. 
The study was done following established guidelines  
for repeated dosage 28-day oral toxicity, with  
necessary modifications made to suit the experimental 
requirements (15). Behavioural and physical changes 
were observed daily for 28 days and two weeks post-
administration (satellite group; without placebo or 
gMPAE administration) for late-onset. The mice were  
also observed for signs of toxicity on their skin, hair, 
pupils, mucous membrane, salivation, lethargy, gait, 
sleep, coma, convulsions, tremors, diarrhoea, oral 
activity, abdominal, and external genitalia. The body 
weight of the mice was recorded throughout the 
experiment. Blood collection was done to determine 
the blood biochemistry after the administration 
of anaesthesia, followed by cardiac puncture and 
subsequent diaphragm incision to assure the cessation 
of life. Then, a gross necropsy was carried out by an  
in-house veterinarian.

RESULTS

Microgranulation process of M. platytyrea aqueous 
extract
The microgranules were prepared using a spray-dried 
granulation process, and the results of the different 
formulations are presented in Table IA-B. Specifically, 
the ratio of the diluents, inlet temperature, spray rate, 
and spray frequency were varied to observe their effects 
on process yield. Maltodextrin and lactose (1:6) were 
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chosen as diluents, whilst polyvinylpyrrolidone (PVP), 
also known as K90 was used as a binder. The optimum 
specification for this spray-drying process was as 
follows: peristaltic pump speed of 4 min/ml with 60 ml 
of binder (K90) with 30 min time of spray with an inlet 
temperature of 70-80ºC, drying time of 3-5 min, speed 
of  161 rpm. 

The final product was leather brown-coloured 
microgranules with a particle diameter of 100 µm 
with a process yield of 36.55% (blank) and 28.31%  
(gMPAE), respectively. The microgranules (blank and  
gMPAE) were readily soluble in water at room 
temperature. Blank and gMPAE produced an off-white 
and dark brown solution, respectively.

A

B

Figure 1 : A) SEM micrograph of spray-dried powder 
particles (blank microgranules), 100x magnification;  
B) SEM micrograph of spray-dried powder particles  
(microgranules containing Myrmecodia platytyrea  
tuber  extract), 100x magnification.

Surface morphology analysis of the microgranulated  
M. platytyrea aqueous extract
Micrograph analysis evaluated by SEM displayed in  
Fig. 1A–B, revealed the morphology of the particles. The 
microparticles had a somewhat atypical morphology, 
which is commonly observed in spray-drying 
formulations. The particles exhibited a continuous wall 
with predominantly irregular amorphous formations, 
and indentations on the surface that displayed a wrinkled 
appearance were detected. The absence of visible cracks 
is evidence of the encapsulation’s high quality. During 
atomisation within the spray dryer chamber, the liquid 
droplets undergo rapid expansion, forming hollow 
particles characterised by a matrix-type structure.

Figure 2 : Body weight of mice recorded throughout 28 
days of the daily oral administration of gMPAE and 14 
days post-administration.

Table II: Effects of the daily oral administration of gMPAE for 28 days on mortality, behavioural and physical  

changes, and symptoms of toxicity

Group Treatment Effects

Death/ Total Mortality 
latency (h)

Behavioral 
changes

Physical 
changes

Symptoms of 
toxicity

Placebo Sub-acute 28 
days

0/5 No No No None

gMPAE 0/5 No No No None

Placebo Sub-acute satel-
lite 42 days

0/5 No No No None

gMPAE 0/5 No No No None
Female albino mice (8 weeks old) (n=5 per group) were given orally blank microgranules (placebo) and microgranulated MPAE (consisting of 400 mg/kg of M. platytyrea tuber aqueous extract) 

daily for 28 days, while a satellite group was similarly treated but observed for an additional 14 days. 

Subacute oral toxicity of the microgranulated  
M. platytyrea aqueous extract 
The female mice in this subacute oral toxicity study 
received repeated doses of gMPAE consisting of  
400 mg/kg of the extract, daily for 28 days. No signs 
of toxicity and mortality were observed in the treated  
group compared to the placebo group (Table II). 
Furthermore, the consumption of gMPAE for 28 days did 
not elicit significant changes in physical appearance, 
gross examination, and body weight compared to the 
control groups (Figure 2). Blood biochemistry such as 
levels of ALP, ALT, creatinine and blood urea nitrogen 
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the effectiveness of encapsulation (18, 19). This 
technique can improve the bioavailability of these 
bioactive compounds by reducing their particle size 
(19). Depending on the route of administration, the 
optimal particle size for a drug varies. For example, 
intravenous delivery often employs particles within the 
size range of 0.1–0.3 µm, whereas inhalation delivery 
utilises particles ranging from 1–5 µm. On the other 
hand, oral drug delivery encompasses particles with 
sizes ranging from 0.1–100 µm. The optimal range for 
inhalable medication particle sizes is typically between 
3 and 5 μm (20). Hence, the 100 µm particle size for  
the microgranulated MPAE in this study.

The carrier agents used in this study were maltodextrin 
and lactose. Maltodextrin has been proven beneficial 
for encapsulating anthocyanins and other phenolic 
compounds by improving their bioavailability 
(21). Lactose is a typical encapsulation agent or  
carrier during spray drying because of its relatively  
high glass transition temperature compared  
to other monosaccharides/disaccharides (22). 
Polyvinylpyrrolidone (PVP), also known as polyvidone 
or povidone, was chosen as the binder for this 
formulation. The water-soluble polymer, PVP, is created 
from the monomer N-vinylpyrrolidone offered in  
various molecular weights and associated viscosities.  
PVP can also increase bioavailability and has been proven 
safe as a food-grade additive and a pharmaceutical 
excipient (23).

A significant constraint in the therapeutic application 
of herbal medicines is their poor solubility, and 
these products have garnered substantial criticism 
in light of their perceived lack of standardisation and 
apparent low quality (17). Numerous chemicals in 
the plant extracts can undergo degradation when 
exposed to the strongly acidic pH environment of the 
stomach (24). Other compounds can undergo hepatic 
metabolism before entering the systemic circulation. 
Furthermore, it is worth noting that herbal extracts 
frequently exhibit suboptimal compressibility and high 

were analysed. All the tested values fall within the 
normal range in all groups (Table III). These results 
indicated that oral administration of gMPAE did not 
elicit deleterious effects in the mice. Hence, the blank 
microgranules and gMPAE were considered non-toxic.

DISCUSSION

Granulation methods are broadly divided into two 
categories: dry granules and wet granulation, depending 
on the method that facilitates the accumulation of 
dry particles. The extract was formulated using a 
microgranulation process. This process improves 
bioavailability, prolongs the release of active forms 
for up to 6 hours, and enhances shelf-life compared to 
crude powder (13). In addition, granulation provides 
stability and uniformity. The method transforms one 
or more soluble or insoluble powders, aqueous or oily 
liquids, or previously micronised minerals and/or plant 
extracts into a collection of granules resulting from a 
homogenous aggregation of particles (granulate).

The pharmacological properties shown by many 
medicinal plants are attributed to the presence of 
phenolic compounds (16). However, due to their 
diverse structural makeup and bioactivities, phenolic 
compounds in plant extracts cannot be fully utilised  
for their therapeutic benefits. Plants and their 
extraction, the complexity of the plant matrix, and 
potential synergistic interactions between phenolic 
compounds and other components can all reduce  
bioavailability (17). As a result, the encapsulation 
method can be utilised to increase the bioavailability  
of bioactive substances like phenolic compounds 
by using different wall materials to enable target 
delivery and controlled release (delayed or long-acting  
release) (18). 

In this study, spray-dried microgranulation was selected, 
and the desired characteristics of the microgranules, 
such as their morphology and size, were considered. 
Optimising these variables can significantly improve 

Table III : Blood biochemistry of mice after 28 days of the daily oral administration of gMPAE

Group Treatment Blood biochemistry (mean±SD)

ALP

(U/L)

ALT

(U/L)

Creatinine

(µmol/L)

Urea

(mmol/L)

Placebo
Sub-acute 28 days

61.6±11.7 82.5±51.8 11.9±4.0 8.3±0.5

gMPAE 63.6±8.5 26.0±2.8 9.0±2.4 8.7±1.3

Placebo Sub-acute satellite 
42 days

26.4±8.3 45.5±28.7 64.3±40.0 6.5±0.9

gMPAE 34.0±1.5 111.9±93.8 67.2±30.0 7.8±2.1

*Normal range 13-88 7-227 35.36-141.44 5.36-21.07
Female albino mice (8 weeks old) (n=5 per group) were given orally blank microgranules (placebo) and microgranulated MPAE (consisting of 400 mg/kg of M. platytyrea tuber aqueous 

extract) daily for 28 days, while a satellite group was similarly treated but observed for an additional 14 days. 

*Normal range: Loeb, WF and Quimby, FW. 1999. The Clinical Chemistry of Laboratory Animals, 2nd ed. Philadelphia: Taylor & Francis USA.
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hygroscopicity, resulting in powders with inadequate 
flowability (25). Numerous researchers are currently 
engaged in the exploration of innovative drug delivery 
systems, including solid dispersion, fast-dissolving 
tablets, sustained and extended-release formulations, 
microparticles, microcapsules, nanoparticles, and 
mucoadhesive systems, to harness the potential of 
these medicinal plants (26). Therefore, the spray-dry 
microgranulation technique and maltodextrin as a 
carrier agent can improve the powder flowability and 
hygroscopicity of dry plant extracts, which is essential 
for the development of herbal products (26, 27).

The morphology of microgranules produced through 
spray drying is influenced by various factors, which 
encompass the drying conditions (specifically, air 
flow, temperature, and partial pressure of the solvent), 
the properties of the aerosol (including droplet 
size, temperature, and the mass fraction of solid or 
solute), and the processing parameters such as nozzle 
temperature, gas flow, salt concentration, and solution 
feed rate (27). Many studies have been conducted on  
the formulation of herbal extracts in tablet form. 
According to a study on the extracts from the leaves 
of Morus alba, the hygroscopic and low flowability 
properties of extracts derived from herbal plants provide 
challenges in developing pharmaceutical formulations 
(28). Hence, they designed a tablet formulation using 
wet granulation of fermented herbal extracts with 
Viscozyme®, an enzyme that facilitates the hydrolysis of 
carbohydrates and releases proteins from plant materials 
(28). 

For the sub-acute oral toxicity study, the group of mice 
given a placebo and microgranulated M. platytyrea 
aqueous extract (gMPAE) showed no mortality and 
symptoms of toxicity after 28 days of oral administration. 
The satellite groups also demonstrated the same trend. 
These findings supported a previous study on the same 
extract (9). An acute oral toxicity study and a 28-day 
repeated dose toxicity study of MPAE did not cause any 
toxic effects or physical and behavioural changes to the 
mice. Moreover, MPAE at 400 mg/kg (p.o.) displayed 
an involvement in the regulation of fatty metabolism, 
precursors of inflammation, endogenous antioxidant 
system (GSH), and exogenous metabolites (9).  
M. platytyrea tubers contain bioactive compounds such 
as stigmasterol, morindolide, and phenolic compounds, 
which have the high antioxidant capacity (2, 3). MPAE 
has also demonstrated a potent analgesic effect may 
be due to the presence of bioactive compounds in the 
extract (4). Furthermore, the tuber extract could also 
reduce blood sugar levels of diabetic rats as early as seven 
days after extract administration (8). A previous study on 
the leaves of M. platytyrea showed strong anti-cancer 
and anti-metastatic properties against hepatocellular 
carcinoma that may be due to the compounds described 
earlier (29). Hence, 400 mg/kg dosage was chosen as 
the optimum dose in this study. When considering the 

dose conversion between animals and human and the 
safety factor of 10, 200 mg/day of MPAE is suggested 
for human consumption (30). About 3% MPAE was then 
incorporated into the formulation to ensure the efficacy 
of the improved product.   

CONCLUSION

The M. platytyrea tuber aqueous extract was successfully 
formulated into a microgranulated form (gMPAE) to 
improve the efficacy of its potent pharmacological 
benefits. In addition, the sub-acute toxicity revealed no 
toxic effect suggesting gMPAE is safe to be developed 
as a health supplement. The standardised spray-dried 
microgranules of M. platytyrea tuber aqueous extract 
may enhanced its bioavailability better than the 
conventional preparation. Thus, the outcome of this 
study, plus the scientific evidence of the therapeutic 
benefits of M. platytyrea tuber extract, gMPAE can be 
commercialised as a nutritional product with better 
bioavailability to improve quality of life.

ACKNOWLEDGEMENT

We want to express our gratitude to all staff of the 
Faculty of Pharmacy, especially in the Department of 
Pharmacology and Pharmaceutical Chemistry and 
also RMC, UiTM, for the GIP grant (600-RMC/GIP 5/3 
(010/2021). Not forgotten Norhayati Monzai, for her 
invaluable assistance in processing the SEM samples.

REFERENCES
 
1.	 Petruzzello M. Rubiaceae (Description, 

Characteristics, Species, & Facts)[Internet]. 
Encyclopædia Britannica; 2020 [cited 2023 January 
10]. Available from https://www.britannica.com/
plant/Rubiaceae

2.	 Agatonovic-Kustrin S, Morton DW, Mizaton 
HH, Zakaria H. The relationship between major 
polyphenolic acids and stigmasterol to antioxidant 
activity in different extracts of Myrmecodia 
platytyrea. South African Journal of Botany. 
2018;115, 94–99. 

3.	 Fadhilah N, Haris M, Kamal M, Hasan N, Wahab 
A, Hasan H. Compounds from the Antioxidant 
Active Fraction of M. Platytyrea (Sebatian daripada 
Pecahan Antioksidan Aktif M. Platytyrea). In Jurnal 
Sains Kesihatan Malaysia. 2016;14(1).

4.	 Hasan MH, Zin MM, Wahab IA, Ponto T, Adam 
A. Myrmecodia platytyrea aqueous tuber extract 
inhibits pain. Malaysian Journal of Biochemistry 
and Molecular Biology. 2018;21(2):23-27.

5.	 Nik Hasan, MK, Abdul Wahab, I, Mizaton, HH, 
Rasadah, MA. Efficacy of Myrmecodia Platytyrea 
(MyP) Water Extract in Reducing Cholesterol Level 
in Hypercholesterolemia Induced Sprague Dawley 
Rat. Malaysia Journal of Medical Biology Research. 
2020; 7(1): 27-38. 



Mal J Med Health Sci 19(SUPP12): 38-46, Nov 2023 46

6.	 Nik Hasan MK, Kamarazaman IS, Abdul Wahab I, 
Mizaton HH, Rashidah MA. In Vitro Cell Culture 
Study of Anticholesterol and Antioxidant Activities 
of Myrmecodia platytyrea (MyP) Extract in WRL-68 
Cells. J Physiol Biomed Sci. 2018. 

7.	 Orhan DD, Özçelik B, Özgen S, Ergun F. 
Antibacterial, antifungal, and antiviral activities 
of some flavonoids. Microbiological Research. 
2010;165(6): 496–504. 

8.	 Hazizul Hasan M, Zakaria H, Abdul Wahab I, Ponto 
T,  Adam A. Myrmecodia platytyrea Methanol 
Tuber Extract Ameliorates Hyperglycemia In STZ-
Induced Diabetic Sprague-Dawley Male Rats. 
Indonesian Journal of Pharmacy. 2021;32(3): 338-
348.  

9.	 Maisarah Mohd Zin. Immunomodulatory and 
anti-inflammatory potential of Myrmecodia 
platytyrea tuber aqueous extract: in vivo and in 
vitro approaches. [PhD thesis, Universiti Teknologi 
MARA]. 2019. 

10.	 Nik Hasan MK, Abdul Wahab I, Mizaton HH, 
Rasadah MA, Abd Rashid L, Nurul Hafizatul SMA, 
Azman MA, Iyad Amir H, Isham BY. Antioxidant 
and Subchronic Toxicity Study of Myrmecodia 
Platytyrae (MyP) Water Extract. Malaysia Journal of 
Medical Biology Research, 2020; 7(1): 157-168. 

11.	 Ng LH, Ling JKU, Hadinoto K. Formulation 
Strategies to Improve the Stability and 
Handling of Oral Solid Dosage Forms of Highly 
Hygroscopic Pharmaceuticals and Nutraceuticals. 
Pharmaceutics. 2022; 14(10):2015. 

12.	 Kaneria M, Kanani B, Chanda S. Assessment of 
effect of hydroalcoholic and decoction methods 
on extraction of antioxidants from selected Indian 
medicinal plants. Asian Pac J Trop Biomed. 2012; 
2(3): 195-202. 

13.	 Shanmugam S. Granulation techniques and 
technologies: recent progresses. BioImpacts: BI, 
2015; 5(1): 55–63.

14.	 Nowak E, Wisła-Świder A, Leszczyńska T, 
Koronowicz A. Physicochemical and Molecular 
Properties of Spelt and Wheat Starches Illuminated 
with UV Light. Applied Sciences. 2023;13(4):2360. 

15.	 OECD. Test No. 407: Repeated Dose 28-
day Oral Toxicity Study in Rodents, OECD 
Guidelines for the Testing of Chemicals, Section 
4[Internet]. OECD Publishing, Paris; 2008 [cited 
2022 December 10] Available from https://doi.
org/10.1787/9789264070684-en.

16.	 Sun W, Shahrajabian MH. Therapeutic Potential of 
Phenolic Compounds in Medicinal Plants-Natural 
Health Products for Human Health. Molecules. 
2023;28(4):1845. 

17.	 Cosme P, Rodríguez AB, Espino J, Garrido M. Plant 
Phenolics: Bioavailability as a Key Determinant of 
Their Potential Health-Promoting Applications. 
Antioxidants (Basel). 2020;12:9(12):1263. 

18.	 Beirão-da-Costa S, Duarte C, Bourbon AI, Pinheiro 

AC, Januário MIN, Vicente AA, Beirão-da-Costa 
ML, Delgadillo I. Inulin potential for encapsulation 
and controlled delivery of Oregano essential oil. 
Food Hydrocolloids. 2013;33:199–206. 

19.	 Grgić J, Šelo G, Planinić M, Tišma M, Bucić-
Kojić A. Role of the Encapsulation in Bioavailability 
of Phenolic Compounds. Antioxidants (Basel). 
2020;9(10):923.

20.	 Kumar R, Thakur AK, Chaudhari P, Banerjee 
N. Particle Size Reduction Techniques of 
Pharmaceutical Compounds for the Enhancement 
of Their Dissolution Rate and Bioavailability. J 
Pharm Innov. 2022;17:333–352. 

21.	 Tonon RV, Brabet C, Hubinger MD. Anthocyanin 
stability and antioxidant activity of spray-dried 
açai (Euterpe oleracea Mart.) juice produced 
with different carrier agents. Food Research 
International. 2010;43:907–914. 

22.	 Dominici S, Marescotti F, Sanmartin C, Macaluso 
M, Taglieri I, Venturi F, Zinnai A, Facioni MS. 
Lactose: Characteristics, Food and Drug-Related 
Applications, and Its Possible Substitutions 
in Meeting the Needs of People with Lactose 
Intolerance. Foods (Basel, Switzerland), 
2022;11(10): 1486. 

23.	 Kurakula M, Rao GSNK. Pharmaceutical assessment 
of polyvinylpyrrolidone (PVP): As excipient from 
conventional to controlled delivery systems with a 
spotlight on COVID-19 inhibition. J Drug Deliv Sci 
Technol. 2020;60:102046. Epub 2020/9/2.

24.	 Dangles O, Fenger JA. The Chemical Reactivity of 
Anthocyanins and Its Consequences in Food Science 
and Nutrition. Molecules. 2018;23(8):1970. 

25.	 Loreana CG, María Veronica RR, Juliana P, 
Veronica B. A comparative study of spray-
dried medicinal plant aqueous extracts: Drying 
performance and product quality; Elsevier; 
Chemical Engineering Research & Design; 2015. 

26.	 Byeon JC, Ahn, JB, Jang WS, Lee SE, Choi JS, 
Park JS. Recent formulation approaches to oral 
delivery of herbal medicines. J. Pharm. Investig. 
2018;49:17–26. 

27.	 Lechanteur A, Evrard B. Influence of Composition 
and Spray-Drying Process Parameters on Carrier-
Free DPI Properties and Behaviors in the Lung: A 
review. Pharmaceutics. 2020;12(1):55. 

28.	 Son GH, Lee HJ, Na YG, Lee HK, Kim SJ, Huh 
HW, et al. Formulation and statistical analysis of 
an herbal medicine tablet containing Morus alba 
leaf extracts. J. Pharm. Investig. 2018;49:625–634. 

29.	 Ju A, Cho YC, Kim BR, Lee S, Le HTT, Vuong HL, 
et al. Anti-cancer effects of methanol extract of 
Myrmecodia platytyrea Becc. leaves against human 
hepatocellular carcinoma cells via inhibition of 
ERK and STAT3 signaling pathways. International 
Journal of Oncology. 2018; 52(1): 201–210. 

30.	 Nair AB, Jacob S. A simple practice guide for dose 
conversion between animals and human. Journal 
of Basic Clinical Pharmacy. 2016;7(2):27-31. 


