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Abstract
Background: Begonia medicinalis, often referred to as benalu batu, is a plant belonging to the
Begoniaceae family. It is renowned for its wide range of pharmacological activities and its extensive
application in the treatment of many diseases. Saponins, tannins, flavonoids, phenolics, steroids,
alkaloids, and triterpenoids are some of the chemical compounds in this plant responsible for its
pharmacological activity.
Objective: The aim of this review is to provide information about the phytochemical and
pharmacological properties of B. medicinalis.
Method: This narrative review was performed by conducting literature searches on various relevant
reputable online databases, and there were 17 articles that discussed the phytochemistry and
pharmacology activity of B. medicinalis.
Results: People have long used B. medicinalis as a test treatment for a variety of diseases. Flavanols,
2-0-B-glucopyranosyl cucurbitan D, [B-sitosterol-3-O-f-D-glucopyranoside, and 9(11)a,16(17)a-
dioxirane-20,25-dihydroxy-3-sitosterol-3-0-f-glucopyranoside are among the compounds found in
the plant. Studies have demonstrated the immunomodulatory, anticancer, antiviral, and antioxidant
activity of this plant. In vitro toxicity tests revealed that this plant is toxic and has anticancer potential.
The in vivo toxicity test revealed that this plant has mild toxicity.
Conclusion: This study suggests that B. medicinalis has strong potential for future development into
herbal medicine.
Keywords: Begonia medicinalis, Begonia sp., pharmacological, phytochemical

1. Introduction

Since the beginning of time, people have used plants as medicine. According to the
World Health Organization (WHO), 80% of the world's population uses herbal medicines for
health care. While the third-largest potential producer of medicinal plants in the world is
Indonesia (Affandi & Batubara, 2019). With approximately 1870 species found worldwide,
including in Indonesia, the Begoniaceae is the sixth-largest flowering plant genus (Moonlight
et al., 2018). About ten plant species from this family have been studied for their chemical
compounds and pharmacological activities (Zubair et al., 2020).

Benalu batu (Begonia medicinalis) is a species of the Begoniaceae family, particularly
endemic to the Morowali district, Central Sulawesi, Indonesia. Based on previous studies of
phytochemical identification, it contains saponins, tannins, flavonoids, polyphenols, alkaloids,
steroidal glycosides, and pentacyclic triterpenoids (Anam et al., 2014; Khumaidi et al.,, 2020;

Zubair et al.,, 2016). People in communities use B. medicinalis to treat diseases such as cancer,
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diabetes, dry cough, fever, gout, kidney, laxatives, tumors, ulcers, urinary stones, worms, and
others (Anam et al., 2014; Ardi et al., 2019; Herik, 2009; Zubair et al., 2020).

The pharmacological activities of this plant have also been reported, such as
immunomodulatory (Syamsidi et al., 2023; Zubair, et al., 2022a; Zubair, et al., 2022b), cytotoxic
(Anam et al., 2014; Prihardina & Fatmawati, 2021; Zubair et al., 2020), antiviral, antioxidant
activity (Zubair et al., 2021), and the ability to reduce blood sugar and creatinine levels in the
blood (Alaydrus, 2020; Tandi et al., 2020). In addition, a toxicity study in vivo resulted in a high
LDso value corresponding to safety profile (Putra, 2020). Thus, this study briefly highlighted

recent scientific discoveries and provided a list of subjects requiring further research.

2. Method

This article reviewed research on the phytochemical and Pharmacological data of B.
medicinalis, focusing on important information related to chemical composition,
pharmacological studies, mechanisms of action, and toxicology. This narrative review was
carried out by conducting literature searches on various journal websites, such as Google
Scholar, PubMed, Science Direct, Web of Science, and others, and then tailoring the results to
the research title, abstract, and keywords. For example, “Begonia medicinalis," "Begonia sp.",
"phytochemistry,” and "pharmacology” are the keywords used. As long as the published data is
relevant to this review, there is no time limit for research in this article. The collected literature

was then analyzed based on each study’s methods, samples, results, and conclusions.

3. Result and discussion
3.1 Plant description

Begonia medicinalis (Figure 1) is a species in the Begoniaceae family. The word
"medicinalis"” refers to the use of this plant as a traditional medicine in Central Sulawesi. This
plant, also known as Polohi Wasu, is an endemic plant found in Wawopada village, Morowali
district, Central Sulawesi. It grows in shady and humid areas between large rocks because of its
habitat in the primary tropical rainforest at 700 m above sea level. B. medicinalis is a perennial,
monocotyledonous, erect, up to 30 cm tall, with a dense multicellular indumentum, trichomes
up to 2 mm in size, and microscopic glandular hairs on stems and leaves. The stems branched

with internodes 2-5 cm long and brownish. Leaves are pale green and elliptical, with a slightly
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protruding midrib and an acuminate apex up to 5 mm long. Flowers are a protogynous
compound. Female flowers compound with one male basal node; two-flowered or solitary
female flowers; peduncle 1-5 mm long; hairy. Fruit stalks are 1-5 mm long, and unknown seed

(Ardi et al., 2019).

Figure 1. Begonia medicinalis (Ardi et al., 2019)

3.2 Traditional use

B. medicinalis is a multipurpose plant that has been used for centuries to treat diseases
such as asthma, cancer, diabetes, dry cough, fever, gout, goiter, irregular menstruation, kidney,
laxatives, lumbago, malaria, paralysis symptoms, rheumatism, tuberculosis, tumors, ulcers,
urinary stones, worms, and others. Its use is effortlessly boiling it in 1 liter concentrated into
one glass of water, cooling, and consuming it. The content of each recipe consists of seven sticks
of B. medicinalis, which can be boiled up to three times. The type of application is customized
according to the physical condition. For patients who are physically weak, it is recommended
to drink 1/3 cup in the morning, 1/3 cup at midday and 1/3 cup in the afternoon (Anam et al.,
2014; Ardi et al., 2019; Herik, 2009; Nurlansi et al., 2015).

3.3 Phytochemical compounds
Research on the active compounds of plants is essential for drug discovery and

development of new treatments to address important diseases due to their biological activity.



34 | Tanriono et al. /Jurnal Ilmiah Farmasi (Scientific Journal of Pharmacy) 20(1) Januari-Juli 2024, 31-
42

A similar genus of Begonia exhibits a similar class of natural product compounds to those found
in B. medicinalis. Plants of Begonia species contain alkaloid compounds, flavonoid glycosides,
pentacyclic triterpenes, tetracyclic triterpenes, tetracyclic triterpenoid glycosides, and steroid
glycosides (Zubair et al., 2016). Based on phytochemical testing, B. medicinalis contains
phenolic compounds, flavonoids, alkaloids, saponins, tannins, and polyphenols (Anam et al.,
2014; Tandi et al., 2020). The compound 2-0-f-glucopyranosil cucurbitacin D (Figure 2a is
present in the ethyl acetate fraction of Begonia sp. based on the isolation and structure
elucidation of terpenoid glycoside compounds (Zubair et al, 2020). Ultraviolet-Visible
spectroscopy results using methanol as the solvent show that the B. medicinalis fraction isolate
exhibits similar spectra to flavonoid compounds, with peak 1 spectral peak at 275 nm and peak
2 spectral peaks at 225 nm. The flavonoid compounds in the B. medicinalis fraction exhibited
similarities with flavan-3-ol (Figure 2b) or flavanol absorption peaks based on these
wavelengths (Ritna et al.,, 2016). Other research using mass spectroscopy revealed that the
ethyl acetate fraction yielded the discovery of two new steroid glycosides, namely (3-sitosterol-
3-0-B-D-glucopyranoside (Figure 2c) and 9(11)a,16(17)a-dioxirane-20,25-dihydroxy-§-
sitosterol-3-0-f-glucopyranoside (Figure 2d) (Zubair et al., 2019).

OH

b. Flavan-3-ol

d.9(11)a,16(17)a-dioxirane-20,25-
dihydroxy-3-sitosterol-3-0-f-
glucopyranoside

c. B-sitosterol-3-0-3-D-glucopyranoside

Figure 2. Chemical structures of B. medicinalis (figure was reconstructed by BioRender)
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3.4 Pharmacology

Several pharmacological actions of B. medicinalis have been reported in various studies,
both in vivo and in vitro. There are 11 researchs articles that have reported its pharmacological
activities including anticancer, antiviral, antioxidant, immunomodulator, and antidiabetic. In
addition, in vivo acute toxicity experiments were conducted to evaluate the safety of B.

medicinalis. Table 1 summarizes some investigations into the pharmacological activities of B.

medicinalis.
Table 1. Pharmacological actvities of B. medicinalis
Pharma.c(?logical Moc!el /cell samples Activity/ mec.hanism(s) Reference
activity lines of action
Staphylococcus Activates macrophage
aureus- B. medicinalis phagocytosis and (Zubair, et
infected mice ethanol extract  increases TNF-a and IFN-  al, 2022a)
and rats a cytokine production
Staphylococcus Combination Activates macrophage
aureus- ethanol extract phagocytic activity and (Zubair, et
infected rats of B. medicinalis increases IFN-y/TNF-a al., 2022b)
and M. oleifera cytokine levels
N-hexane
Immunomodulatory fraction, ethyl
effect Lymphocytes acetate fraction, Increased lymphocyte cell (Khumaidi
from Mice methanol proliferation etal,
extract, and 2020)
water fraction of
B. medicinalis
Modulate the expression
. Dried B. of Drs (Toll pathway), Dpt  (Syamsidi
mDeZI)ZZZ Z;lfer medicinalis (Imd pathway), and TotA etal,
ethanolic extract  in D. melanogaster (JAK- 2023)
STAT pathway)
HeLa and Begonia sp. Growth inhibitory on (Anam et
T47D cells methanol extract HelLa cells and T47D cells. al,2014)
2-0-f-
glucopyranosil
MCF-7 and . cucurbitacin D Induced apoptosis in MCF-  (Zubair et
HCT-116cells  SClated fromthe s i HeT 116 cells  al, 2020)
ethyl acetate
Anticancer fraction of
Begonia sp.
o (Prihardina
Hela, MDA-MB, iar? Z?l?:tihrrf Potential to treat cancer &
and HT-29 cells extracts Fatmawati,
2021)
. . Methanol Inhibit the growth of A. (Nurlansi
Artemia salina extract, n- salina etal,

hexane fraction,

2015)




36 | Tanriono et al. /Jurnal Ilmiah Farmasi (Scientific Journal of Pharmacy) 20(1) Januari-Juli 2024, 31-
42

Pharmacological Model/cell Activity/mechanism(s)

activity lines Samples of action Reference
ethyl acetate
fraction, and
water fraction of
B. medicinalis
. N-hexane
HIV-1-infected . s .
fraction, ethyl Inhibits the cytopathic
.. MT-4 cells . . .
Antiviral and DPPH radical acetate fraction, effect of the virus and (Zubair et
Antioxidant activity : and water inhibited free radical al, 2021)
scavenging . .
fraction of B. reactions
assay .
medicinalis
. Ethanol extract Lowers blood creatinine
Streptozotocin- L (Alaydrus,
. of B. medicinalis levels but does not effect
induced rats 2020)
1 . leaves on urea levels
Antidiabetic Ethanol extract
Streptozotocin- of B. medicinalis Reduces blood glucose (Tandi et
induced rats ' levels al., 2020)

leaves

3.5 Immunomodulatory activity

The immunomodulatory activity of B. medicinalis ethanol extract in male Wistar rats
revealed that increasing the dose to 240 mg/kg BW increased macrophage phagocytic activity
and TNF- and IFN- cytokine expression. The immunostimulatory activity was attributed to an
ethanol extract of B. medicinalis that contained high concentrations of total saponins, total
phenols, and total flavonoids (Zubair, et al., 2022a). Saponins interact with Antigen-presenting
cells (APCs) to increase the production of immunostimulants such as interleukins and
interferon. Saponins promote T-lymphocyte proliferation, IL-1, IL-2, IL-12, IFN-y, and TNF-«
expression, while inhibiting macrophage phagocytic activity (Bhardwaj et al., 2014; Francis et
al., 2002; Setiawan & Nugraha, 2016). Phenolic compounds can act as antioxidants, preventing
free radical formation and thus developing oxidation reactions. Monocytes exposed to
antioxidant compounds can keep their cell shape, allowing them to carry out their phagocytic
function actively. Phenolic compounds have also been shown to activate T cells and boost NK
cell killing capacity (Kilani-Jaziri et al.,, 2017; Pancawari Ariami et al.,, 2021). Flavonoids have
been shown to increase IL-2 production and lymphocyte proliferation, influencing CD4+ cells
and activating Th1 cells (Figure 3). Th1 cell activation influences macrophage-activating factors
as well. Flavonoids also stimulate the production of TNF and IFN by NK cells (Martinez et al.,
2019; Sholikhah & Rahayuningsih, 2015). The immunomodulatory activity of a combination of

B. medicinalis and M. oleifera extracts was also investigated. The combination of extracts
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100:100 mg/kg BW has immunomodulatory activity based on macrophage phagocytosis
activity and IFN- and TNF- levels (Zubair, et al., 2022b). B. medicinalis extracts in methanol, n-
hexane, ethyl acetate, and aqueous fraction showed increased lymphocyte cell proliferation
(immunostimulant), but none inhibited lymphocyte cell proliferation. The highest stimulation
index was found in extracts and fractions with a concentration of 100 g/ml (Khumaidi et al.,
2020). Using gene expression in the Toll, Imd, and JAK-STAT pathways, researchers
investigated the immunomodulatory effects of dried B. medicinalis extract (DBME) in the
Drosophila melanogaster model. The survival and locomotor phenotypes of D. melanogaster
were examined to see if changes in gene expression could be detected at the phenotypic level.
DBME was found to induce humoral immune responses in D. melanogaster without causing

significant phenotypic trade-offs (Syamsidi et al., 2023).
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Figure 3. Mechanism of flavonoid action as an immunostimulant (created by BioRender)

3.6 Cytotoxic and anti-cancer activity

The extract of B. medicinalis has been confirmed to inhibit the growth of A. salina
(Nurlansi et al., 2015). Furthermore, its methanol extract inhibited the growth of HeLa cells
more than T47D cells in the anticancer activity assay. Analysis of the extract's chemical
compounds using thin-layer chromatography (TLC) showed that the polyphenol-flavonoid
group was involved in the anticancer effect (Anam et al., 2014). By controlling the activity of
the enzymes that produce reactive oxygen species (ROS), triggering apoptosis, and contributing

to cell cycle arrest, flavonoids have been demonstrated to inhibit the proliferation and invasion
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of cancer cells. Under normal circumstances, flavonoids has a function as antioxidants in ROS
equilibrium, but in cancer cells, flavonoids are potent pro-oxidants that upregulate pro-
inflammatory signaling pathways and activate apoptotic pathways (Kopustinskiene et al., 2020;
Slika et al., 2022). Moreover, The cytotoxic activity of B. medicinalis against human colorectal
colon cancer (HCT-116) and human breast adenocarcinoma (MCF-7) suggested that 2-0-f3-
glucopyranosyl cucurbitacin D possess cytotoxic effects via inducing apoptosis cells (Zubair et
al., 2020). Using the MTT assay, the anticancer activity of B. medicinalis extracts from leaves
and stems was investigated in three different cell lines, including Hela, MDA-MB, and HT-29.
The leaf extract had higher total flavonoid content (TFC) than the stem extract. This finding
suggest that there is potential to treat cancer with both extracts (Prihardina & Fatmawati,

2021).

3.7 Antiviral and antioxidant activity

Antioxidant and antiviral activity tests revealed that all fractions had potential activity.
The B. medicinalis n-hexane fraction exhibited the highest antiviral activity in HIV-infected MT-
4 cells. Based on GC-MS analysis, the n-hexane fraction contained phenolic compounds (8.38%)
and the primary compound carboxylic acid derivative with a percentage area of 76.4%, which
are believed to be the primary bioactive chemicals in charge of the antioxidant and antiviral
effects. The aqueous fraction (10.05%) had a higher content of terpenoids than the other
fractions (Zubair et al., 2021).

3.8 Antidiabetic activity

In streptozotocin-induced rats, ethanolic extract of begonia leaves (Begonia sp.) at a
dose of 50 mg/kg BW effectively reduced blood glucose levels (101.8+20.7 mg/dL).
Histopathological studies of the pancreas revealed that B. medicinalis extract had no effect on
regenerating pancreatic beta cells. This is also because, in general, injured organs are very
difficult to restore to normal function, and natural substances have a weak and slow
pharmacological impact, requiring a relatively lengthy period to have an effect when compared
to artificial medications. The results of histological examination of organs using B. medicinalis
extract are nearly identical to the results of the drug glibenclamide (the differences are not

statistically significant). This is due to the fact that the medicine glibenclamide has a mechanism
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of action that stimulates insulin secretion, therefore, it can only lower blood glucose levels but
cannot repair pancreatic beta cells (Tandi et al., 2020). Even though it did not impacting the
urea levels on rat, it also decreased the blood creatinine level at a dose of 100 mg/kg BW, even

though it did not affecting the urea levels on rat (Alaydrus, 2020).

3.9 Toxicity study

The toxicity study of B. medicinalis is still limited. Only one paper described its acute
toxicity profile. The ethanolic extract of B. medicinalis was administered to female Wistar rats
at various dose levels. At the highest dose, toxicity symptoms were observed, including
increased grooming and decreased motor activity. Meanwhile, the LDso of an ethanol extract of
B. medicinalis herb was 1600 mg/200 g BW, which is classified as mild toxicity by the Indonesia

Food and Drug Administration (BPOM) test preparation classification criteria (Putra, 2020).

4. Conclusions

B. medicinalis has long been used as a test treatment for a variety of diseases. Flavanols,
2-0-B-glucopyranosyl cucurbitacin D,-sitosterol-3-0-f-D-glucopyranoside, and
9(11)a,16(17)a-dioxirane-20,25-dihydroxy-B-sitosterol-3-0-3-glucopyranoside are among
the compounds found in the plant. Through various studies that have been conducted, it has
been shown that this plant has immunomodulatory, cytotoxic, antiviral, and antioxidant
activity, as well as the ability to lower blood sugar and creatinine levels. In vitro toxicity tests
revealed that this plant is toxic and thus has anticancer potential. The in vivo toxicity test
revealed that this plant has mild toxicity. However, research into this plant is still in its early
stages. More specific research on the content of certain chemical compounds contained in this
plant is required to determine which compound causes the pharmacological activity. It is
critical to conduct research on the pharmacological activities of unknown plants in order to

develop herbal medicinal preparations that can be used to treat diseases all over the world.
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