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ABSTRACT

Background: Vietnam has a wide variety of plants traditionally used as treatment for
mild to severe diseases. In order to add up scientific evidences for utilization of medicinal plants
in disease prevention and treatment, cell based-assay has gradually been applied to speed up
drug discovery process in terms of screening a large amount of sample in a short time with
reliable results, while investigating drug’s action mechanism at molecular and cellular levels.
Objectives: This article reviewed the existing cell-based assays that could be applied to screen
anticancer, hepatoprotective and renoprotective effects of medicinal plants in Vietnam. Methods:
Bioassays used to screen for anticancer activity consist of anti-proliferation test, apoptosis
investigation, inflammation and oxidative stress evaluation of in cancer cells. Hepatoprotective
and renoprotective effects are evaluated through several assays including cell proliferation,
oxidative stress, necrosis, apoptosis activation and Western blotting. Results: In Vietnam, Annona
glabra, Ehretia longifolia, Uvaria cordata, Stephania glabra, Morus alba, Paramignya trimera...
have been studied for their anticancer effect. Some medicinal plants that have hepatoprotective
effects are Eclipta alba, Phyllanthus amarus, Ocimum sanctum whole plant, Andrographis
peniculata, Houtyna cordata ariel part, Curcuma longa rhizome, Taxaracum officinale,
Glycyrrhiza glabra root, Moringa oleifera, Camelia sinensis, Cynara scolymus leaves... However,
there are few researches on screening the renoprotective effect of medicinal plants. Conclusions:
Because the rate of hepatic or renal diseases and cancer has increased in recent years in
Vietnam, cell-based screening should be applied in order to best utilize the rich sources of
medicinal plants.

Keywords: anticancer, cell-based screening, hepatoprotective, medicinal plant,
renoprotective.
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I. INTRODUCTION

Plants’ curative effects have been either recorded in books or simply passed from
generations to generations by word of mouth, gradually forming people’s usage habit.
According to World Health Organization, 80% of the people living in rural areas depend
on medicinal herbs as primary healthcare system [17]. These plant products are in
continuous demand and have an edge over other products in the area of drug discovery
and therapeutics due to their high efficacy, safety and easy availability [11].

An early part of the experimental process often involves screening a large number
of compounds using defined biochemical assays. However, the effect of a drug on an
organism is complex and involves interactions at multiple levels that cannot be predicted
using biochemical assays. Trying to understand this complexity has contributed to an
increased use of cell-based screening assays as more biologically relevant surrogates to
predict the response of the organism. In addition, at some point in the drug discovery
process, predicting cellular toxicity is important. Eukaryotic cell culture is accepted as the
model system of choice to get a first approximation of toxicity. Furthermore, advances in
assay chemistries and signal detection technology have allowed miniaturization of cell-
based assays, making it more convenient to perform dose-response experiments during
primary screens [15].

Located in a tropical region, Vietnam is granted with rich sources of medicinal
plants. Although there are reports from many researchers on the anticancer,
hepatoprotective or renoprotective agents in various types of plant, these scientific data are

inadequate. This article reviewed some applications of cell-based pharmacological
screening in order to build a firm scientific evidence for Vietnamese medicinal plants.

II. ANTICANCER EFFECT

Cancer is one of the most severe health problems worldwide. Deaths due to cancer
are projected to continuously increase and it has been estimated that there will be 11.5
million deaths in the year 2030 and 27 million new cancer cases and 17.5 million cancer
deaths are projected to occur in the world by 2050. Cancer cell is abnormal and able to
divide without control and to invade other tissues. Carcinogenesis is a multi-step process
consisting of tumor initiation, promotion and progression, resulting in DNA damage,
oxidative stress, and chronic inflammation. Conventional chemotherapy treatment of
cancer includes mainly alkylating agents, antimetabolites, antitumor antibiotics, platinum
analogs and natural anticancer agents. However, due to the adverse or toxic side effects of
cancer chemotherapy, discovery of new anticancer agents derived from nature, especially
plants, is currently under investigation [6].

Plant secondary metabolites such as isoprenoids, phenolics and alkaloids, have
been demonstrated to be the leading providers of novel anticancer agents [6]. In Vietnam,
Annona glabra, FEhretia longifolia, Uvaria cordata, Stephania glabra, Morus alba,
Paramignya trimera... have been studied for their anticancer effect.
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In vitro bioassays used to screen for potential anticancer activity consist of cell
culture systems in which neoplastic cell lines (Table 1) have been established from human
or other animal tumors. Ability of the tested compounds to inhibit the proliferation of
these cancer cells in culture is an indication of potential value. Other parameters of the
assays are apoptosis investigation, inflammation and oxidative stress evaluation [2,13, 14].
Table 1: Common cancer cell lines in cell-based screening

Types of cell Name
Human breast cancer cell MCF-7, MDA-MB
Human lung cancer cell A549, NCI-417, Lu
Human hepatocarcinoma HepG2
Human cervical epithelioid cells Hela
Human muscle rhabdomyosarcoma RD
Human prostate cancer cells 10 26, LNCaP, 22Rv1, PC-3 and DU145

III. RENOPROTECTIVE EFFECT

The kidney maintains precise body and/or extracellular electrolyte, fluid balance
and blood pressure homeostasis [22]. Due to its physiological functions, kidney is exposed
to various xenobiotic compounds with a condensed concentration resulting in the damage
in the renal tissue, acute kidney injury and chronic kidney disease. The pathology
pathways can be explained by the interaction between the intracellular macromolecular
and the toxic xenobiotic and by the formation of reactive oxygen species (ROS), which
causes cell stress, lipid peroxidation and cellular damage [7].

Medicinal plants can exert renoprotective effect due to its dose dependent
antioxidant effect. This effect is mediated by scavenging of free radicals, decreasing
formation of ROS and inhibition of fatty acid peroxidation. It also involves anti-
inflammatory and antiapoptotic actions through interference with nuclear factor kappa-B
(NF-xB), modulation of inducible nitric oxide and decreases in cyclooxygenase-2
expression [20] In Vietnam, there are few researches on screening the renoprotective
effect of medicinal plants.

LLC-PK1, NRK, and HK-2 are used in vitro to screen renoprotective effect of
sample. Cells are treated with plant sample alone or combined with renotoxicity agent
(cisplatin, cyclosporine, paracetamol, gentamycin, metformin...). Renoprotective effect is
evaluated through several assays including cell proliferation, oxidative stress, necrosis,
apoptosis activation and Western blotting [15, 23].

IV. HEPATOPROTECTIVE EFFECT

The liver is one of the most vital organs that metabolites nutrient; digests, stores
and excretes of the products. Moreover, it is an integral part of drug metabolism and
removal of xenobiotics from the body thus protecting it against foreign substances by
detoxifying and eliminating them. As easily being exposed to various toxic agents like
carbon tetrachloride, thioacetamide, certain antibiotics, alcohol, aflatoxin or reactive
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oxygen species during their metabolism, hepatocytes can be severely damaged by
inducing lipid peroxidation and other oxidative damages. Liver diseases are classified as
acute or chronic hepatitis (inflammatory liver diseases), hepatosis (non- inflammatory
diseases), cirrhosis (degenerative disorder resulting in fibrosis of liver) and cancer [11].

Medicinal plants, involving one or more mechanisms, help hepatocytes/liver in
proper functioning by increasing in antioxidant level/decreasing in oxidants (ROS
formation), inhibition of cytochrome P450s, increasing or decreasing level of liver
enzymes, reduced peroxidation / lipid peroxidation (MDA), and increase in level of
glutathione [9]. Some medicinal plants that have hepatoprotective effects in Vietnam are
Eclipta alba, Phyllanthus amarus, Ocimum sanctum whole plant, Andrographis
peniculata, Houtyna cordata ariel part, Curcuma longa rhizome, Taxaracum officinale,
Glycyrrhiza glabra root, Moringa oleifera, Camelia sinensis, Cynara scolymus leaves...

HepG2 is a common cell line in cell-based screening for hepatoprotective effect.
Cells are treated with plant sample alone or combined with hepatotoxicity agent (CCly,
ethanol, fatty acids, and glucose). Hepatoprotective effect is evaluated through several
assays including cell proliferation, intracellular lipid accumulation, oxidative stress,
necrosis, and apoptosis activation [5, 9].

V. CELL-BASED ASSAYS
Cell culture

Cells are seeded and cultured in suitable medium in humidified atmosphere of 5%
CO; at 37°C to attain confluency. Cells then are trypsinized, harvested and counted using
trypan blue, and seeded in 6 or 96-well-plates at a fixed concentration.

Cell proliferation assay

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
Cell viability is evaluated as mitochondrial succinate dehydrogenase (SDH) activity, a
marker of viable cells using MTT test. Briefly, SDH activity is detected after 3h
incubation in culture medium without serum containing MTT, which is converted into
formazan dissolved in acidified isopropanol. The produced purple solution is
spectrophotometrically measured at 570 nm on microplate reader [4].

Sulforhodamine B (SRB) assay

The antiproliferative SRB assay estimates cell number by staining total cellular
protein with the SRB dye. Cells are fixed by 10% tricloroacetic acid at 4°C for 1 hour. The
supernatant is then discarded. The plates are washed five times with distilled water. SRB
solution is added and incubated at room temperature for 30 minutes. The unbound SRB is
removed quickly by washing the wells five times with 1% acetic acid and then air dried.
100 pL of Tris buffer (0.01 M, pH 10.4) is added and shaken gently for 5 minutes on a
mechanical shaker. Optical density is recorded on ELISA reader at 515 nm [17].

Oxidative prevention
Gluthathion content (GSH)
GSH is an antioxidant tripeptide which can decrease in the presence of ROS.

Briefly, cell lysates in cold KCI1 1.15% are homogenized with Tris-HC1 25 mM pH 7.4
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(2:1, v/v), then incubated in 60 min at 37 °C. Later, mixture is added TCA 10% (1:1, v/v)
then is centrifuged. 100 pL the supernatant is mixed with 180 uL EDTA- phosphate buffer
and 20 pL 5,5’-dithio-bis 2-nitrobenzoic acid 5 mM (Ellman reagent). GSH levels are
spectrophotometrically measured at 412 nm and deduced from a calibration curve and
corrected from protein level of cell lysates. The protein content is also determined using
BSA as standard. Results are expressed as uM GSH/mg protein [16].

Lipid peroxidation — Malonyl dealdehyde (MDA)

Accumulated intracellular lipid peroxidation is measured as MDA equivalent
generated, as an indicator of lipid peroxidation in cultured cell lysates, using Lipid
peroxidation assay kit (Abcam). The MDA in the sample reacts with thiobarbituric acid
(TBA) to generate a MDA-TBA adduct which can be easily quantified colorimetrically
(OD =532 nm) [12].

Intracellular lipid droplet accumulation
O red oil staining

To measure intracellular lipid droplet accumulation, cells are stained by the O red
oil method. Cells are rinsed with PBS and fixed with formalin 10%, rinsed with water
followed by 60% isopropanol, stained with O red oil solution. Excess stain is removed by
washing with water. The stained cells are observed under microscopy. Later, isopropanol
100% 1s added to dissolve stained oil droplets. The dye-triglyceride complex is
spectrophotometrically measured at 500 nm [18].

Anti-inflammatory evaluation
Determination of nitric oxide (NO) and TNF-o. production

The concentration of NO in culture supernatant is measured in the form of nitrite, a
major stable product of NO using Griess reagents assay. After incubation, 100 puL culture
supernatant of collected and mixed with equal amount of Griess reagents. NO production
is measured by absorbance at from 520 to 550 nm by using ELISA microplate reader.
Level of TNF-a secretion in culture medium is measured using available human TNF-a
assay kit (Biosource, Camarillo, CA). Total culture supernatant is diluted with working
reagent (1:2); 100 puL of diluted sample is used for ELISA assay. The total secreted
amount of TNF-a level is estimated by absorbance at 450 nm by using ELISA micro-plate
reader [12].

Cell necrosis

Lactate dehydrogenase (LDH)

Extracellular LDH 1is considered as an index of cell necrosis. LDH activity is
measured in culture medium, using “Cytotoxicity detection LDH” kit. LDH participates in
a coupled reaction which converts a yellow tetrazolium salt into a red, formazan-class dye
which is measured by absorbance at 492 nm. A LDH standard curve (0 - 1000 mU/mL) is
used for quantification of enzyme activity [10].

Aspartate transaminase (AST) — Alanine transaminase (ALT)

ALT and AST levels in culture medium are measured by available assay kits
(Randox Laboratories, Antrim, UK). After incubation, culture supernatant is removed and
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the total ALT and AST levels are measured using an ELISA microplate reader at 340 nm
according to the supplier instructions. Results are expressed as U/L/mg protein [12].
Apoptosis investigation

Acridine orange/ethidium bromide (AO/EB) fluorescence staining

Changes in cell morphology are evaluated using AO/EB fluorescence staining.
Briefly, cells are stained with dye mixture containing 100 ng/mL acridine orange and 100
pg/mL ethidium bromide in PBS, and then washed with PBS. After staining, cells are
visualized immediately under a fluorescence microscope [1].

Determination of percentage (%) of DNA fragmentation
Briefly, DNA from the cells is released into the lysis buffer [0.2% Triton X-100,
10 mM Tris-HCI, and 10 mM EDTA (pH 8.0)] by rupturing the nucleus. The supernatant
receive after centrifugation at 13000 rpm for 10 min at 4°C, contains fragmented DNA
while the intact DNA is in the pellet. The amount of DNA in both the supernatant and
pellet is estimated by diphenylamine (DPA) assay. The percentage of DNA fragmentation
is calculated as the ratio of DNA in supernatant and DNA in pellet [3].

Detection of DNA fragmentation by agarose gel electrophoresis

Fragmented DNA is released into the lysis bufter (0.2% Triton X-100, 10 mM Tris-
HCI, and 1 mM EDTA, pH 8.0) by rupturing the nucleus. DNA in the supernatant is
extracted using a mixture of phenol: chloroform: isoamyl alcohol (25:24:1-v/v/v). DNA is
precipitated overnight with absolute ethanol and 300 mM NaCl, dissolved in TE buffer [10
mM Tris-HCI pH 8.0 and 1 mM EDTA containing RNase A (0.1 mg/mL)]. The samples are
analyzed electrophoretically on 2% agarose gel containing 0.01% SYBR Green [1].

Flow cytometry (FCM) with propidium iodide (PI)

Cells are harvested by centrifugation and are fixed gently by addition of 70%
ethanol at 4°C overnight and then re-suspended in phosphate-buffered saline (PBS)
containing 40 pg/ml PI and 0.1 mg/ml RNase and 0.1% Triton® X-100 in a dark room.
After 30 minutes at 37°C, the cells are analyzed with a flow cytometer equipped with an
argon ion laser at 488 nm wavelength. Apoptosis is determined and analyzed. Annexin V-
FITC and PI double staining kit from PharMingen (San Diego, CA, USA) are used for
apoptotic cell quantification [8].

Protein extraction and Western blotting analysis

Cells are collected after treatment, washed with PBS three times, lysed in cell lysis
buffer and then centrifuged at 13 000 % g for 10 min at 4°C. The extracted protein sample
is added in the same volume of sample buffer and subjected to denaturation at 100°C for
10 min, then electrophoresed on 100 g/L or 60 g/L SDS-PAGE at 100 mA for 3 h, and
finally transferred onto PVDF membrane. The PVDF membrane is treated with tris buffer
saline tween (TBST) containing 50 g/L skimmed milk at room temperature for 2 h,
followed by incubation with the suitable primary antibodies with appropriate dilution rate
(p53, cytochrome ¢, PPARY, NF-xB, Bcl-2, Bax...) at 37°C for 2 h or at 4°C overnight.
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After being washed with TBST for 30 min, the corresponding secondary antibody is added
and incubated at room temperature for 1 h. The membrane is then washed three times for
15 min each with TBST. Fluorescence is visualized with enhanced chemiluminescence
(Amersham, Arlington Heights, IL). The results are analyzed with Image analyzer and the
product of area and optical density is expressed as integral absorbance (IA) [21].

VI. CONCLUSIONS

The urge to produce a safe, low-cost and effective plant-derived medicine puts
cell-based screening as an important initial step in drug development progress. It is an
effective and reliable in vitro method to screen for a large amount of drug candidates in a
short time. Besides investigating drug candidates’ biological effects, cell-based screening
also allows scientists to elucidate the mechanism of drug actions at molecular and cellular
level. Because the rate of hepatic or renal diseases and cancer has increased in recent years
in Vietnam, cell-based screening should be applied in order to best utilize the rich sources
of medicinal plants.

REFERENCES

1. Brady Hugh J. M. (2004). Apoptosis methods and protocols. Springer Science & Business
Media, London. 1-12, 47-48.

2. Burger, A. M., Fiebig, H. H. (2014). Preclinical screening for new anticancer agents. Handbook

of Anticancer Pharmacokinetics and Pharmacodynamics. Springer New York. 23-38

Cicek G. T. (2005). Chemosensitivity. Volume II. Humana Press. 79-82.

4. Denizot F, Lang R. (1986). Rapid colorimetric assay for cell growth and survival:
modifications to the tetrazolium dye procedure giving improved sensitivity and reliability.
Journal of Immunological methods. 89(2): 271-277.

5. Do T. H. T., Le X. L., Huynh T. K. L. (2015). Study on hepatoprotective effect of
Curcuma longa to preven hepatocyte lesion induced by dyslipidemia in HepG2 cell line.
Ho Chi Minh Medical journal. 19(3): 45-52.

6. Fernando, W., & Rupasinghe, H. V. (2013). Anticancer properties of phytochemicals
present in medicinal plants of North America. Using Old Solutions to New Problems-
Natural Drug Discovery in the 21st Century. Croatia: InTech, 161-73.

7. Fuchs, T. C. (2013). Nephrotoxicity biomarkers in vivo and in vitro: Identification and validation
of biomarkers for the detection of substance-induced acute and sub-acute renal damage.

8. Huang, S. P., Chen, J. C., Wu, C. C., Chen, C. T., Tang, N. Y., Ho, Y. T., Lin, J. G.
(2009). Capsaicin-induced apoptosis in human hepatoma HepG2 cells. Anticancer
research, 29(1), 165-174.

9. Kashaw, V., Nema, A. K., Agarwal, A. (2011). Hepatoprotective prospective of herbal
drugs and their vesicular carriers—a review.International Journal of Research in
Pharmaceutical and Biomedical Sciences, 2(2), 360-374.

10. Korzeniewski, C., & Callewaert, D. M. (1983). An enzyme-release assay for natural
cytotoxicity. Journal of immunological methods, 64(3), 313-320.

11. Kumar, A., Rai, N., Kumar, N., Gautam, P., JS, K. (2013). Mechanisms involved in
hepatoprotection of different herbal products: A Review. Int J Res Pharm Sci, 4(2), 112A7.

12. Kumar, K. S., Liao, J. W., Xiao, J. H., Vani, M. G., Wang, S. Y. (2012). Hepatoprotective effect
of lucidone against alcohol-induced oxidative stress in human hepatic HepG2 cells through the
up-regulation of HO-1/Nrf-2 antioxidant genes. Toxicology in Vitro, 26(5), 700-708.

(98]

107



Can Tho Journal of Medicine and Pharmacy 5(1) (2019)

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Lébri, M. (2015). Phytochemical analysis and in vitro anticancer effect of aqueous extract
of Abrus precatorius Linn. Der Pharma Chemica. 7(8):112-117
Lieberman, M. M., Gregory M. L. P., Richard E. M. (2001). In vitro bioassays for
anticancer drug screening: effects of cell concentration and other assay parameters on
growth inhibitory activity. Cancer letters 173(1): 21-29.
Morin, J. P., De Broe, M. E., Pfaller, W., Schmuck, G. (1997). Nephrotoxicity testing in
vitro: the current situation. ATLA-NOTTINGHAM-,25, 497-504.
Rahman, I., Kode, A., Biswas, S. K. (2006). Assay for quantitative determination of
glutathione and glutathione disulfide levels using enzymatic recycling method. Nature
protocols, 1(6), 3159-3165.
Rajesh, A. S. G. M. M., Kiran, N. S. S., Tripathi, P. C., Verma, K. (2012). In vitro
cytotoxicity of Moringa oleifera against different human cancer cell lines. Asian Journal of
Pharmaceutical and Clinical Research, 5(4), 271-272.
Ramirez-Zacarias, J. L., Castro-Munozledo, F., Kuri-Harcuch, W. (1992). Quantitation of
adipose conversion and triglycerides by staining intracytoplasmic lipids with Oil red
O. Histochemistry, 97(6), 493-497.
Riss, T. E. R. R. Y., Moravec, R., Niles, A. (2005). Selecting cell-based assays for drug
discovery screening. Cell Notes, 13, 16-21.
Shahbazi, F., Dashti-Khavidaki, S., Khalili, H., Lessan-Pezeshki, M. (2012). Potential
renoprotective effects of silymarin against nephrotoxic drugs: a review of
literature. Journal of Pharmacy & Pharmaceutical Sciences, 15(1), 112-123.
Tan, X. W., Xia, H., Xu, J. H., Cao, J. G. (2009). Induction of apoptosis in human liver
carcinoma HepG2 cell line by 5-allyl-7-gen-difluoromethylenechrysin. World J
Gastroenterol, 15(18), 2234-2239.
Truyjillo, J., Chirino, Y. L., Molina-Jijon, E., Andérica-Romero, A. C., Tapia, E., Pedraza-
Chaverri, J. (2013). Renoprotective effect of the antioxidant curcumin: Recent
findings. Redox biology, 1(1), 448-456.
Zhu, S., Wang, Y., Chen, M., Jin, J,, Qiu, Y., Huang, M., Huang, Z. (2012). Protective
effect of schisandrin B against cyclosporine A-induced nephrotoxicity in vitro and in
vivo. The American journal of Chinese medicine, 40(03), 551-566.

(Received: 06/11/2018 - Accepted: 08/01/2019)

DETERMINATION OF VITAMIN C IN MULTIVITAMIN
EFFERVESCENT TABLETS BY HIGH-PERFORMANCE
LIQUID CHROMATOGRAPHY

Nguyen Minh Phuong Thao, Nguyen Thi Tuong Vi, Nguyen Thi Ngoc Van'

Faculty of Pharmacy, Can Tho University of Medicine and Pharmacy, Cantho, Vietnam

*Corresponding author: ntnvan@ctump.edu.vn

ABSTRACT:

Background: Multivitamin effervescent tablet is favorite supplement dietary and has been

produced by many manufacturers. To verify the amount of vitamin C in multivitamin effervescent

tablets

is necessary to assure customer’s health. But up till now, in present Vietnamese

pharmacopoeia, there has not been quantitative method for effervescent tablet yet. Objective: we
develop a high-performance liquid chromatography (HPLC) method for determination of vitamin
C as main ingredient in multivitamin effervescent tablet with high sensitivity and short analytical
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