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Abstract
Background and Aim: The flavonoids from mistletoe are thought to have antimicrobial action. This encouraging finding 
supports the benefits of medicinal plants as a substitute for synthetic antimicrobials, thus promoting healthy lifestyles. In 
contrast, it is known that the use of topical drug formulations made from flavonoids of mistletoe (Dendrophthoe pentandra 
(L.) Miq. Loranthaceae) with Indonesian name, Benalu duku (BD) is required in skin cell irritation. This study aimed to 
assess the toxic effects of the flavonoid substances of BD, as an initial screening.

Materials and Methods: A myeloma cell line was cultured in Roswell Park Memorial Institute medium, and the 
Baby Hamster Kidney clone 12 (BHK21) cell line was cultured in Dulbecco’s Modified Eagle’s Medium from stock 
(±9 × 107 cells/mL), and 1.2 mL of culture were distributed into each well of a microtiter plate. Subsequently, 0.2 mL 
of serially diluted flavonoid compounds (0.5–3 μg/mL) were added to 12 wells for each concentration, as trial groups 
(including control groups), followed by a 2-day incubation. Observations were performed based on the cytopathic effect 
(CPE) using an inverted microscope at a magnification of 100×.

Results: Cytopathic effect was detected on the microtiter plate wells for the groups of myeloma and BHK21 cells at a 
flavonoid concentration of 0.5 μg/mL–3 μg/mL.

Conclusion: Flavonoid compounds from BD were safely used for topical treatment of cancer cells at a concentration 
<2.491 μg/mL, whereas for non-cancerous cells, a concentration <2.582 μg/mL was sufficient (p < 0.05).

Keywords: antimicrobial, Baby Hamster Kidney clone 12 cell culture, cytopathic effect, healthy lifestyle, myeloma cell 
culture.

Introduction

The use of medicinal herbs is an alternative 
approach to avoid exposure to hazardous chemicals, 
which is also part of the programs aimed at imple-
menting goal 3 of the Sustainable Development Goals 
3 pertaining to “Good Health and Well-being” of the 
United Nations, namely, a healthy lifestyle [1]. The 
spirit of using medicinal herbs also anticipates prob-
lems in the synthetic chemical-based antimicrobial 
drug sector, namely, the phenomenon of antimicrobial 
resistance (AMR) [2–4]. This phenomenon can occur 
due to the minimal stability of synthetic chemical 
formulations compared with formulations of natural 

medicinal plants [5, 6]. Changes in molecular structure 
caused by limited stability will eventually change the 
microbial receptor as the final target, which, in turn, 
will lead to the adaptation of the acidic substance of 
the microbial nucleus as a defensive approach against 
changes in the chemical structure of drugs. These 
results in a phenomenon often described as AMR [7–9]. 
In this regard, the efforts to promote medicinal plant-
based formulations will further minimize the AMR 
phenomenon. Mistletoe, namely, Benalu duku (BD), 
is a parasitic plant that has antiproliferative and andro-
genic properties and contains bioactive compounds 
such as alkaloids, flavonoids, polyphenols, saponin, 
and terpenoids or steroids [10–12]. The bioactive fla-
vonoid compounds of mistletoe include quercetin, an 
antimicrobial agent. In contrast, flavonoids work as 
cofactors in plant photosynthesis [13–15]. This pro-
cess will result in a cycle of energy transfer in all parts 
of the plant, including the leaves. The production of 
a thin film that protects the leaves from UV–visible 
rays is one of the photosynthetic processes. The final 
product of photosynthesis, when separated using a 
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stratified extraction technique with polar-semi-polar 
and non-polar solvents, will yield other components 
dissolved in the extraction solution [16, 17]. The 
non-quercetin soluble components can be antimicro-
bial agents, such as the sophoraflavanone G ring and 
the (−) epigallocatechin ring [18, 19]. Other com-
ponents are also soluble in extraction solvents, such 
as aglycones, baicalin, scutellarin, wogonoside, and 
oroxyloside [20–22]. If a pharmaceutical prepara-
tion is based on natural ingredients, the components 
that are dissolved in the extraction solution will 
also be formulated in the pharmaceutical prepara-
tion that is generated. Thus, the use of components 
of natural ingredients in the formulation of pharma-
ceutical preparations was first attempted in topical 
preparations. Subsequent developments, if deemed 
sufficiently safe, will be made in oral formulations. 
The development of oral preparations will be further 
extended to sterile preparations [23, 24]. Topical for-
mulations must, in principle, ensure that the flavonoids 
mixed in the formulation are safe for use in eukaryotic 
cells. This technique can be carried out based on an 
in vitro initial screening model, which will provide an 
overview of the components of flavonoids that may 
be toxic to cells. Toxicity screening techniques have 
been used in the field of veterinary-pharmaceutical 
science to support the proposal of Russell and Birch 
in 1959, regarding the last attempt to use experimen-
tal animals as a drug test medium [25]. The principle 
uses the three R’s approach as follows; replacement, 
reduction, and refinement, so the use of tissue culture 
is the best option [12].

Based on the background presented above, a 
screening study was conducted to determine the levels 
of flavonoids that have a toxic impact on eukaryotic 
cells. These eukaryotic cells were cultured cell lines 
that became stabilized after a certain amount of pas-
sages [26]. This study aimed to examine the level of 
toxicity of the polar solvent component of mistletoe 
extract to eukaryotic cells which was used to obtain 
flavonoids that would later be used as bioactive drugs. 
Thus, the toxic components that will be tested in the 
future can be used as topical drugs. So that using 
tissue culture techniques, it will reduce the use of 
experimental animals as a medium for monitoring the 
toxicity test of a plant compound for medicine.
Materials and Methods
Ethical approval

The study did not use experimental animals; 
therefore, it does not require ethical approval.
Study period and location

This study was divided into two parts; part 1 of 
this study was conducted at the Infectious Tropical 
Diseases Research Centre, Universitas Airlangga, 
from January 2020 to March 2021, for the preparation 
of BD leaves as a sample test. Part 2 of this study was 
performed on the culture medium for cells starting 
from June 2021 to February 2022 at the Laboratory of 

Veterinary Pharmacy Science, Faculty of Veterinary 
Medicine, Universitas Airlangga.
Materials collection and identification

The leaves of BD were collected from January 
2020 to March 2021 from Muara Enim District, 
Republic of Indonesia at 3° 42’ 41.098” S 104° 0’ 
26.046” E. A voucher specimen of BD was iden-
tified and deposited in the National Research 
and Innovation Agency, Directorate of Scientific 
Collection Management-Republic of Indonesia (Letter 
No. B-1679/II.6.2/D1.05.07/6/2022). The eukaryotic 
cell lines used here included the myeloma cell strain 
P3UI, which was cultured in Roswell Park Memorial 
Institute (RPMI) medium containing 10% fetal bovine 
serum (FBS), and the Baby Hamster Kidney clone 12 
(BHK21) cell line, which was cultured in Dulbecco’s 
Modified Eagle’s Medium (DMEM) containing 
10% FBS. The cell lines were obtained from Centre 
Veterinary Pharmaceutics, Directorate General of 
Livestock Services, Ministry of Agriculture. Both cell 
lines were maintained, passaged, and propagated at the 
Laboratory of Veterinary Pharmacy Science, Faculty 
of Veterinary Medicine, Universitas Airlangga. The 
flavonoid separation process was carried out at the 
Tropical Research Diseases Universitas Airlangga 
through semi-preparation of high-performance liquid 
chromatography using ultra violet-photo diode array 
detector equipped with a Shimadzu LC-6A AP pump, 
a DGU-20A5 degasser, a modul-20A communication 
cable, and a PDA detector type SPD-M20A com-
pletely with an FRC-10 A fraction collector. Microtiter 
36-well flat-bottom polystyrene plates were used at a 
capacity of 1.4 mL in sterile conditions.
Research design

The research design consisted in a true experi-
mental model by performing a post-test only in the 
control groups at the sample size presented in Table-1. 
The table was used to calculate the number of micro-
plates well tests at α and β 0.05, assuming that the 
flavonoid toxicity test in cell culture was 100% 
accurate with a 70% representative population [27]. 
Twelve microplate wells were used for each concen-
tration. Furthermore, since we used six serially diluted 
concentrations with five replications, the total num-
ber of wells used was 360. The control groups were 
designed as follows: One group for the myeloma cell 
line and one group for the BHK21 cell line. The total 
number of wells used for the control groups was 24. 
Briefly, all samples were seeded (N) into 384 wells 
of 11 microtiter plates. The toxicity assessment was 
performed based on the cytopathogenic effect (CPE) 
on cell growth. The criteria used to assess the CPE 
phenomenon are presented in Table-2 [13, 14, 28, 29].
Flavonoid separation

The leaves of BD were pulverized and weighed 
carefully, extracted with the maceration method using 
methanol, and then concentrated using a rotary evap-
orator machine. The crude extract of BD leaves was 
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Table-1: Samples used for the testing of flavonoid toxicity in eukaryote cells.

Accuracy of the flavonoid toxicity test in cell culture (%) Representative population (%)

10 20 30 40 50 60 70 80 90 100 0
53 28 17 12 9 7 10

270 83 42 26 18 13 9 7 20
402 111 53 31 20 14 9 30

294 128 58 32 20 13 40
539 134 58 31 18 7 50

539 128 53 26 9 60
494 111 42 12 70

402 83 17 80
270 26 90

53 100

partitioned using aqua pro-chromatographic and 
ethyl acetate for obtained crude extract free from 
tannin. To obtain total flavonoid fraction, the con-
centrated extract was partitioned with methanol and 
n-hexane [30]. For the flavonoid purification process, 
a gradient elution system was used of 3 s each on a 
preparative column SUPELCOSIL LC-PAH with a 
5 μm particle size, an L × ID of 25 cm × 4.60 mm, 
and water/methanol ratios of 9:1, 8:2, 7:3, and 6:4 as 
the mobile phase eluent. The HPLC grade of querce-
tin from Sigma at catalog no. Q4951 was used as an 
analog standard of flavonoid [31]. The purified prod-
ucts from separate processes were placed in storage 
bottles and dried on a rotary evaporator to a powder. 
The purified flavonoids were determined qualitatively 
using a 5% of FeCl3 solution as a color indicator in 
the black solution. Other tests of flavonoid content in 
the concentrated extract of BD included the use of the 
Shinoda reagent, Mg, and HCl, which yielded a new 
color, as an indicator of the presence of these com-
pounds. Flavonoids in the dried form were assessed by 
adding phosphate-buffered saline (PBS) at pH 6.80, to 
prepare 10 μg/mL of a stock solution (w/v). The stock 
of flavonoid compounds was serially diluted using 
PBS as follows: 0.5, 1, 1.5, 2, 2.5, and 3 μg/mL. All 
serial dilutions were filtered (Ø = 0.20 μm) and kept 
in colored glass bottles until use.
Stock cell preparation

Myeloma and BHK21 cell lines from a stock kept 
in a deep freezer (−80°C) were thawed and revived 
to propagate each cell line in 100 mL Roux bottles 
using at least 9 × 108 cells/mL as follows: The stocked 
cells were rinsed with PBS twice and centrifuged at 

1000× g (30 min at 20°C). Subsequently, 50 mL of 
medium (RPMI for myeloma cells and DMEM for 
BHK21 cells) containing 10% FBS was added to the 
supernatant, followed by vigorous shaking for 5 min 
and distribution of 10 mL of each cell culture into 
Roux bottles. Finally, the bottle was closed with a rub-
ber stopper that was kept loose and incubated in a CO2 
incubator for 2 days at 37°C.
Toxicity test protocol

The myeloma and BHK21 cells cultured in the 
Roux bottles were harvested as follows: (a) The 
old medium was discarded; (b) 3 mL of a 1% tryp-
sin solution was added and the bottles were shaken 
well for 3 min; (c) 10 mL of medium containing FBS 
was added (RPMI for myeloma cells and DMEM for 
BHK21 cells); (d) 10 mL of each cell was placed in 
tubes; (e) 1.2 mL of the cells was distributed onto the 
wells of a microplate (72 wells for trial groups and 24 
wells for control groups); (f) serial dilutions of fla-
vonoids were added (0.2 mL, or approximately 17% 
of the volume of the well (each concentration of fla-
vonoid was represented in 12 wells of the microtiter 
plates); (g) 0.2 mL of medium (RPMI for myeloma 
cells and DMEM for BHK21 cells) was added to the 
24 control wells; (h) all microplates were incubated 
for 2 days; and (i) observations were carried out on 
3 days post-incubation using an inverted microscope 
at 100× (10× objective lens with 10× ocular lens), for 
the assessment of the CPE phenomenon in each well 
compared with the control wells.
Statistical analysis

The results of the observation of the wells cor-
responding to myeloma and BHK21 cells at concentra-
tions of 0.5–3 μg/mL as the trial groups were assessed 
by probit analysis, to determine the endpoint percent-
ages. The characterized toxicity in both myeloma 
and BHK21 cells was analyzed in the groups starting 
at CPE cases, followed by one-way analysis of vari-
ance for the the analysis of significance at 5% using 
Statistical Package for the Social Science 24.0 (IBM 
SPSS Software, Chicago, Il, USA).
Results

The pulverization of 1 kg of BD leaves 
yielded 400 mg of pure flavonoids, which were then 

Table-2: Criteria used to assess the CPE in the wells of 
the microtiter plates.

Criteria 
CPE

Observation on an inverted microscope

True CPE In one field of view, a single movement of the 
ocular lens to delineate the letter S detected 
a hollow cell culture arrangement and floating 
cells on the surface of the medium [13, 14]. 
If more than 1 cavity was found during the 
S-shaped movement, it was determined that 
the wells exhibited CPE [28, 29].

CPE=Cytopathic effect
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determined qualitatively through the addition of 5% 
FeCl3 to obtain a black-colored solution, as well as 
through other reactions using the Shinoda reagent, 
Mg, and HCl, to obtain a reddish color solution. The 
results of the toxicity tests of flavonoids at serial dilu-
tions of 0.5, 1, 1.5, 2, 2.5, and 3 μg/mL, with five 
replicates, against myeloma and BHK21 cell lines are 
presented in Table-3.

The endpoint percentages of flavonoid concen-
trations that yielded a CPE in the myeloma and BHK21 
cell cultures were started at 2% with concentrations 
at 2.066 μg/mL and 2.360 μg/mL, respectively. The 
descriptions provided in Table-3 indicated that the 
percentage of wells of the microtiter plate that exhib-
ited the CPE condition in the myeloma cell culture 
groups after contact with the BD flavonoid extract at 
2.5 μg/mL was 6.6%, whereas that observed in the 
BHK21 cell culture groups was 1.6%. The concentra-
tion of 3 μg/mL of flavonoids in the BD extract trig-
gered a CPE in a mean of 11.7% of the wells in the 
myeloma cell culture groups, whereas it triggered a 
CPE condition in 5% of the wells in the BH21 cell cul-
ture groups.

Figure-1 shows the initial incidence of CPE 
in myeloma cell culture after the administration 
of flavonoids extracted from the leaves of BD; at 

concentrations of 2.5 and 3 μg/mL, all myeloma cell 
cultures exhibited CPE. In turn, Figure-2 shows the 
onset of CPE in BHK21 cell culture after the admin-
istration of flavonoids extracted from the leaves of 
BD (Dendrophthoe pentandra L. Miq.); at concentra-
tions of (a) 2.5 and (b) 3 μg/mL, it was also found that 
all BHK21 cell cultures exhibited CPE (b). Figure-3 
shows myeloma (a) and BHK21 (b) cell cultures with-
out the CPE condition, which was detected in the con-
trol group.
Discussion

An analysis of the data pertaining to the micro-
plate wells with exposure to flavonoids at 2.500 μg/mL 
among myeloma cells showed that the mean percent-
age of wells that experienced CPE was low (<20%). 
The CPE criteria of <20% in toxicity testing in cell 
tissue culture have been mentioned in the previous 
research reports [32, 33]. These results indicate that, 
in formulations containing flavonoids, their con-
centration should not exceed 2.500 μg/mL (w/v). 
Moreover, this concentration was still below the 10% 
endpoint of proliferating eukaryotic cells, which were 
represented here by the myeloma cell culture groups 
(2.530 μg/mL). In turn, exposure of non-prolifer-
ate eukaryotic cells, which were represented here by 

Table-3: Results of the toxicity test of flavonoids extracted from the leaves of Dendrophthoe pentandra L. (Miq.) using a 
myeloma cell line (P3UI) and the BHK21 cell line based on the CPE.

Flavonoid (μg/mL) Replicate Wells Number of wells exhibiting CPE p (2.5–3 μg/mL)

Myeloma cell culture BHK21 cell culture

0.0 0 12 0 0 0.012
0.5 1 12 0 0

2 12 0 0
3 12 0 0
4 12 0 0
5 12 0 0

1 1 12 0 0
2 12 0 0
3 12 0 0
4 12 0 0
5 12 0 0

1.5 1 12 0 0
2 12 0 0
3 12 0 0
4 12 0 0
5 12 0 0

2 1 12 0 0
2 12 0 0
3 12 0 0
4 12 0 0
5 12 0 0

2.5 1 12 0 0
2 12 1 0
3 12 1 1
4 12 1 0
5 12 1 0

3 1 12 1 0
2 12 2 0
3 12 2 1
4 12 1 1
5 12 1 1

CPE=Cytopathic effect
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dimers, compounds of polyphenols, flavones, 
5-feruloylquinic acid, methoxycinnamic acids, and 
hydroxybenzoic acids [34, 35]. When combined with 
buffer elements or reacted with salt-forming elements, 
these compounds become neutral, thus not having 
toxic effects. The technique of administering this 
combination of compounds has been widely devel-
oped by the cosmetic industry for the formulation of 
semi-synthetic topical pharmaceutical preparations. 
Such development will be beneficial while also pro-
ducing new compounds resulting from the combina-
tion of natural and synthetic compounds.

A sensitivity assessment to the exposure of fla-
vonoid BD using the indicator CPE to culture cells 
between myeloma cells and BHK21 cells showed that 
myeloma was more sensitive than BHK21. Figure-1 
shows cultured myeloma cells exposed to flavonoids 
at 2.5 μg/mL (a), which exhibited a relatively large 
number of holes, whereas exposure to three flavonoids 
at μg/mL (b) slowed down cell growth further. This 
was in contrast with the results shown in Figure-3, 
where cultured myeloma cells were not exposed to 
flavonoids (a). This is because myeloma cells have a 
higher metabolism than do BHK21 cells, considering 
that myeloma is a type of cancer cell [36, 37]. An indi-
cation of the high metabolism of myeloma cells was 
observed in the difference in the color of the medium, 
as the medium of myeloma cells turned pale faster than 
that of BHK21 cells (Figures-1 and 2). This is because 
cells in culture require more energy for growth, espe-
cially among cancer cells [38, 39]. Thus, exposure to 
flavonoids in small amounts will disrupt the meta-
bolic system of cells in culture. This was different for 
BHK21 cells, which calculated by probit analysis were 
relatively resistant to flavonoid exposure even at a con-
centration of 2.484 μg/mL, as only 3% of the wells 
exhibited CPE among the five replicates (Figure-2, 
5% CPE of 3 μg/mL). In Figure-3, the BHK21 control 

BHK21 cells, yielded a relatively lower percentage of 
microplate wells that experienced CPE (1.6%). When 
the flavonoid concentration was increased to 3 μg/mL, 
the number of microplate wells that experienced CPE 
was <20% for both cell types (myeloma cell culture 
groups, 11.7%, and BHK21 cell culture groups, 5%). 
Thus, exposure to flavonoids at a concentration of up 
to 3 μg/mL is still considered not to have a harmful 
impact on eukaryotic cells, considering that the CPE 
generated was below 20%.

To date, the toxic compounds in the flavonoid 
extract of BD leaves remain mostly unknown. Based 
on the literature, the compounds of other plants that 
caused toxic effects in eukaryotic cells were as fol-
lows: Hydroxycinnamic acids, proanthocyanidin 

Figure-3: Myeloma cells cultured in Roswell Park Memorial 
Institute medium, as a control group (a) and BHK21 cells 
cultured in Dulbecco’s Modified Eagle’s Medium, as a control 
group (b), were assessed using an inverted microscope at 
100×.

Figure-1: Myeloma cultured cells after exposure to 
2.5 μg/mL of flavonoids from the leaves of Dendrophthoe 
pentandra L. Miq. (a) and myeloma cultured cells after 
exposure to 3 μg/mL of flavonoids extracted from the leaves 
of Dendrophthoe pentandra L. Miq. (b) were examined 
using an inverted microscope at 100×.

a b

Figure-2: Baby Hamster Kidney clone 12 (BHK21) cultured 
cells after exposure to 2.500 μg/mL of flavonoids extracted 
from the leaves of Dendrophthoe pentandra L. Miq. (a) and 
BHK21 cultured cells after exposure to 3 μg/mL of flavonoids 
extracted from the leaves of Dendrophthoe pentandra L. 
Miq. (b) were examined using an inverted microscope at 
100×.

ba

a b
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cells were relatively fully grown in the microplate well 
(A). The resistance of BHK21 cultured cells to expo-
sure to BD flavonoids is attributed to the fact that their 
metabolic system is not excessive so that other energy 
sources can be used to defend itself against toxic ele-
ments that interfere with the sulfur metabolism. One 
of the energy sources that are used for self-defense 
is the thickening of the lipid bilayer of BHK21 cells 
while keeping the toxic compounds from flavonoids 
from binding to elements from the cell cytoplasm. This 
pathway was carried out through the high lipophilicity 
of the surface of BHK21 cell culture. Entry of flavonoid 
toxic elements into the cytoplasm can occur when the 
lipid bilayer pores on the cell surface are bound, thus 
allowing flow into the cytoplasm through a phago-
cytosis mechanism [40]. This phenomenon triggers a 
change in the acid-base balance in the cytoplasm of 
the cell, which, in turn, affects the metabolic system 
of cellular respiration, eventually leading to cell death. 
Figure-2 shows that the dead cultured cells float to the 
top (b), which was not observed for the control cells, as 
shown in Figure-3b.

The use of BD flavonoids for topical prepara-
tions or cosmetics in pharmaceutical applications 
must consider the toxic factors identified in in vitro 
studies. Thus, the strategy that is widely used is to 
apply a concentration (μg/mL) of flavonoid compo-
nents that do not pose a risk of developing toxic cell 
phenomena. Thus, a flavonoid concentration below 
2.066 μg/mL is most suitable for the topical prepa-
ration of cancer eukaryotic cells. An increase in con-
centration up to the 9% endpoint (2.491 μg/mL) for 
proliferate eukaryotic cells, such as myeloma, still 
does not pose a major toxic risk. In the in vitro study 
using BHK21 cells, a concentration of 2.916 μg/mL 
caused CPE at 9%. If the flavonoid level is increased 
to a level slightly below the 10% endpoint of BHK21 
cultured cells (below 2.968 μg/mL), the risk of toxic-
ity remains relatively low.

Toxicity test studies of drug formulation com-
pounds, including flavonoids, using the tissue culture 
method are instrumental, especially for the initial 
screening of a new formula. This method can be used 
for deeper testing by employing tools such as exper-
imental animals. Thus, this method can help assess 
the part to be tested using experimental animals. The 
weakness of the toxicity test method using tissue cul-
ture is that a specific cell type is needed to represent 
the skin or organ. This is not easy, considering that 
preparing tissue cultures from specific organs to gen-
erate cell lines are a time-consuming process. In this 
study, antibiotics and antifungals were not added to 
the media used because these agents may interact 
pharmaceutically with flavonoids.
Conclusion

This study concluded that the flavonoids 
extracted from BD leaves can be formulated for phar-
maceutics of topical treatment for cancer cells at a 

concentration below 2.491 μg/mL. In comparison, 
for non-cancerous cells, it can be used at levels below 
2.582 μg/mL. Finally, the toxicity test technique for 
pharmaceutical preparations can be carried out using 
the same method if the cultured cells have developed 
into cell lines.
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