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Abstract
Nature serves as an excellent inspiration for researchers in the fields of chemistry and medicine. Terrestrial or marine organisms 
produce billions of natural products with unique chemical and physical properties. Some of them have been used in traditional 
therapy for specific diseases since ancient times. Although their exact chemical structures have yet to be elucidated clearly in that 
time, investigations in medicinal chemistry have been well documented. Furthermore, utilizing natural products in drug design and 
development offers advantages such as high biocompatibility, low toxicity, fewer side effects, wide bioactivities, and large structure 
diversity. Nowadays, rational drug research using computer-aided drug design is well established to cut the long way of drug 
discovery and overcome the resistance cases and the increment in the number of active patients. This review will highlight some 
natural products to comprehensively understand their journey from unknown natural products, isolation, purification, 
characterization, in silico evaluation, bioactivity screening assay, drug modifications, in vitro investigation, in vivo examination, 
and clinical trial.  
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1. INTRODUCTION

Natural products have infiltrated many aspects of 

industrial and our daily activities, including 

biomaterials [1]-[7], bioenergies [8][9], 

nanomaterials [10][11], bioelectronics [12][13], and 

pharmaceuticals [14]-[22]. They could be isolated 

from terrestrial and marine sources. Since the 

ancient era, natural products have been utilized in 

the traditional medicine and ethnopharmacology 

fields [23]. World Health Organization (WHO) 

defines traditional medicine as “a number of 

knowledges, skills, and practices based on 

indigenous beliefs and experiences, whether 

explained or not, used in health care, and in 

prevention, diagnosis, improvement or treatment of 

physical and mental illness”. As of today, 

traditional medicines are still being applied in 

Indonesia, China, Egypt, Japan, Korea, India, and 

other countries [24].  

 
Indonesia is a tropical country with the second 

largest global biodiversity after the Amazon 

rainforest. The National Agency for Drug and Food 

Control in Indonesia reported that at least 283 

plants have been registered in the national database 

for medical applications [25]. In Indonesia, the use 

of herbs has been recorded since the 13th century. 

At that time, the drug design and development had 

not been established well. One of the main 

challenges was the few available technologies to 

predict the chemical structure of natural products; 

thus, the linkage between structure and activity 

relationship was not well connected. Nevertheless, 

people could find specific applications of herbs to 

treat a certain disease [26].  

Both terrestrial and marine species produce 

billions of natural products with outstanding 

biochemical activities. Traditional herbs from 

various terrestrial plant extracts have been 

discovered since hundred years ago, and some 

people in urban areas still use these traditional herbs 

for some diseases. For example, the aqueous extract 

of Kaempferia galanga L. has been used to 

suppress the aches, while the aqueous extract of 

Curcuma domestica is helpful in decreasing blood 

pressure and menstrual pain. On the other hand, 

artemisinin from Artemisia annua, bakuchiol from 

Psoralea corylifolia, resveratrol from Veratrum 

grandiflorum, curcumin from Curcuma longa, and 

lycopene from Solanum lycopersicum have been 

used in global as antimalarial, anticancer, anti-
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Table 1. Summary of the medicinal applications of natural products. 

Source Chemical compound Application Ref. 

Terrestrial environment 

Curcuma domestica curcumin anticancer and antiinflammation [29][30] 

Curcuma xanthorrhiza xanthorrhizol anti-HIV [31] 

Zingiber officinale gingerol anticancer [32] 

Kaemferia pandurata panduratin A antibacterial [33] 

Alpinia galanga ethyl 4-methoxycinnamate antigastritis [34] 

Rheum palmatum rhapontin antidiabetic [35] 

Andrographis paniculata xanthone antimalarial [36] 

Phyllanthus sp. elargic acid anti-HIV and antimalarial [37][38] 

Glycyrrhiza glabra liquiritin antitussive [39] 

Abelmoschus moschatus myricetin antidiabetic [40] 

Taxus brevifolia paclitaxel anticancer [41] 

Cinnamomum camphora camphor analgesic [42] 

Pinus longifolia longifolene antibacterial [43] 

Cinchona ledgeriana quinine antimalarial [44] 

Digitalis purpurea digoxin antidiuretic [45] 

Artemisia annua artemisinin antimalarial [46] 

Rauwolfia serpentine reserpine antihypertensive [47] 

Quercus quercetum quercetin antioxidant [48] 

Syzygium aromaticum eugenol antifungal [49] 

Garcinia hanburyi gambogic acid anticancer [50] 

Marine environment 

Bulgula neritina bryologs antineoplastic [51] 

Halichondria okadai halichondrin B anticancer [52] 

Cryptotheca crypta spongouridine antiviral [53] 

Dictyota dichotoma nordictyolide antitumor [54][55] 

Ecteinascidia turbinata ectrinascidin 743 anticancer [56] 

Microorganism 

Penicillium rubens penicillin antibacterial [57] 

Actinoplanes sp. acarbose antidiabetic [58] 
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Alzheimer, anti-inflammatory, and antioxidant 

agents, respectively [27]. The marine sources, 

sponges, and algae are the primary sources of 

marine natural products. Ecteinascidin 743 was the 

first marine anticancer drug approved in 2006 [28]. 

A brief summary of the usage of natural products 

for medicinal application is listed in Table 1. 

Sometimes, the combination of herbs can be 

used for traditional medical treatment due to the 

synergistic effect. Diabetin, a commercial name for 

a mixture of Tinosporae caulis, Andrographidis 

herba, Curcuma rhizoma, Polyanthi folium, 

Alstoniae cortex, and Orthosiphonis folium, is 

commercially used to treat diabetes mellitus in 

Indonesia. This example undoubtedly shows that 

nature has been an eminent inspiration for many 

researchers over the past several years [25]. 

Furthermore, natural products offer various 

advantages such as high biocompatibility, low 

toxicity, less side effects, wide bioactivities, and 

large structure diversity in medical treatment [62].  

Recently, WHO reported that at least 65% of the 

world’s population is concerned about traditional 

medicines. Now, we have modern sciences and 

technologies that can help the renaissance 

development of approved drugs based on natural 

products. Therefore, some natural products are 

undergoing clinical trials to understand the 

mechanism of action as the drug compound. Until 

2019, at least 1602 natural products have been 

approved as drugs to treat diseases such as cancers 

(247 drugs), viral infections (186 drugs), bacterial 

infections (162 drugs), hypertension (82 drugs), 

diabetes (63 drugs), inflammation (53 drugs), 

fungal infections (34 drugs), Parkinson’s disease 

(14 drugs), and Alzheimer’s disease (6 drugs) [63].  

Even though herbs from natural sources exhibit 

wide and excellent bioactivities, people shall be 

aware of the “blind” application of natural extracts 

for health treatment just by believing in “natural” 

and “herbal” brandings. Careless consumption of 

herbs or traditional medicines may lead to serious 

side effects and mortality as they consist of a 

mixture of bioactive, inactive, and (maybe) toxic 

compounds [64]. WHO encourages people to 

consider the modern era of health science based on 

reliable clinical trials and safe pharmaceutical 

formulations. To accelerate the drug discovery 

progress, this review briefly describes a rational 

drug journey from unknown natural products, 

isolation, purification, characterization, in silico 

evaluation, bioactivity screening assay, drug 

modifications, in vitro investigation, in vivo 

examination, clinical trial and approval by 

authorized organizations such as United States Food 

and Drug Administration. The drug discovery 

process for natural products is shown in Figure 1.   

 

2. NATURAL PRODUCT ISOLATION, 

PURIFICATION, AND 

CHARACTERIZATION 

 

The first step on this journey is the isolation of 

natural products. Natural products could be isolated 

from the sources using an extraction process [65]. 

Extraction is a mass transfer process of a chemical 

from the natural sample’s matrix to the suitable 

solvent. This process consists of four steps, i.e., 

penetration of solvent to the sample’s matrix, 

dissolution of the natural products to the used 

solvent, diffusion of natural products from the 

sample’s matrix to the liquid phase, and collection 

of the extract [66]. This process depends on the 

nature of the solvent, such as polarity, dielectric 

constant, boiling point, viscosity, and surface 

tension. Commonly used solvents that are being 

used for the extraction process are acetone, n-

butanol, chloroform, dichloromethane, ethyl 

acetate, ethanol, n-hexane, isopropanol, methanol, 

petroleum ether, tetrahydrofuran, and water, 

depending on the polarity and solubility of the 

target compounds [67]. 

Table 1. Cont. 

Source Chemical compound Application Ref. 

Streptomyces spectabilis streptomycin antitubercular [59] 

Streptomyces kanamyceticus kanamycin antibacterial [60] 

Aspergillus terreus lovastatin anticardiovascular [61] 
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The extraction process could be conducted in 

many ways, such as maceration, percolation, 

Soxhlet extraction, steam distillation, supercritical 

fluid extraction, ultrasound-assisted extraction, and 

microwave-assisted extraction. Maceration is the 

most straightforward extraction technique by 

soaking the samples in a solvent. However, it 

suffers from time-consuming and poorly extracted 

chemicals due to the strong or tight matrix in the 

samples. Percolation is a continuous maceration 

process in which the saturated solvent is replaced 

by fresh solvent for several times. Compared to the 

maceration process, percolation gives a higher 

extraction percentage but is more expensive due to 

using a larger volume of solvents. Even though the 

solvents could be recycled, solvent loss is inevitable 

during the evaporation and distillation processes 

[65].  

Soxhlet extraction is another form of percolation 

technique in which the recycling happens within a 

system. The sample is placed in a chamber. Then, 

the solvent is heated and condensed to reach the 

chamber. Because of that, the sample is flooded by 

warm solvent, and the extraction occurs. When the 

chamber is full of the solvents, the solvents are 

flown through the siphon and reach the distillation 

flask. This process continuously happens until the 

targeted natural products are completely extracted. 

The main drawback of Soxhlet extraction is the 

usage of heating, which consumes more energy. It 

could damage the natural products as not all natural 

products are stable in high temperatures. Steam 

distillation is an isolation technique using water 

steam, especially for essential oils. The steam 

extracts the volatile compounds, and then both 

phases are collected in a separatory funnel [67]. 

Supercritical fluid extraction is a kind of 

extraction using a supercritical fluid such as carbon 

dioxide and water. Supercritical fluid offers great 

solubility to the desired chemical and large 

diffusivity into the sample matrix. Supercritical 

carbon dioxide is non-toxic, inert, low critical 

temperature (304 K), and non-polar media that 

meets the polarity of almost all natural products. 

Ultrasound-assisted extraction is an extraction 

process utilizing ultrasonic wave that improves the 

mass transfer of chemicals to the solvent. 

Meanwhile, microwave-assisted extraction exploits 

the mass transfer process by dipole rotation and 

ionic conduction mechanisms [68].  

After the extraction process, a lot of natural 

products may be extracted in the solvent. Therefore, 

separation and purification of the targeted natural 

product are necessary [69]. The separation and 

purification stages can be performed by using a bio-

guided fractionation strategy. In this method, each 

extract was tested for a certain biological 

application. Extracts that give no activity or poor 

activity are discarded and not further investigated. 

In contrast, the extract that gives a promising 

biological activity is collected, and then further 

separation and purification stages are conducted to 

find the lead compound that is responsible for the 

biological activity [70]. The scheme for bio-guided 

fractionation is shown in Figure 2. 

Chromatography is the most used separation 

technique due to its high efficiency. The separation 

process is based on the difference in chemical 

affinities between the stationary and mobile phases 

[71]. Another technique is solvent partitioning by 

using an immiscible solvent. The separation 

principle happens through the different partition 

Figure 1. Drug discovery process for natural products. 
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coefficients in both solvents. Using a repetitive 

partition makes it possible to isolate pure natural 

products simultaneously [72]. On the other hand, 

membrane filtration can be performed if there is 

adequate information on the chemical composition 

of the samples. Smaller chemicals will pass through 

the membrane, while larger chemicals will be 

retained on the membrane. A similar principle is 

applied in the gel filtration chromatography. In gel 

filtration chromatography, smaller chemicals will be 

retained in the stationary phase; thus, they will have 

a longer retention time. Preparative thin-layer 

chromatography and recrystallization are other 

techniques that are sometimes powerful for the 

purification of natural products [68]. 

After the pure natural product is isolated, 

characterization of the natural product is required to 

elucidate its chemical structure. The 

characterization of natural products can be 

conducted using infrared, ultraviolet-visible, mass, 

and nuclear magnetic resonance spectroscopies. 

Infrared spectra are useful to identify the existing 

functional groups in the natural product, while 

ultraviolet-visible spectra are essential to understand 

the electronic levels due to n→π* and π→π* 

transitions. Mass spectra offer an investigation of 

the molecular ion of the natural product and its 

fragmentation on the chemical structure. On the 

other hand, nuclear magnetic resonance serves as an 

excellent tool to elucidate all protons and carbons in 

the natural product. Elemental analysis, single X-ray 

spectroscopy, and circular dichroism are also 

helpful for the final assessment of the determination 

of the chemical structure [73][74].  

 

3.  IN SILICO EVALUATION 

 

After the clear chemical structure of natural 

products is obtained, in silico evaluation employing 

computer-aided drug design can be conducted to 

have fewer trials and errors in the laboratory [75]. 

In this stage, the three-dimensional structure of the 

natural product could be obtained from the 

available online database, as listed in Table 2 [76]. 

In the case of a novel natural product, its three-

dimensional structure could be built in a computer 

and optimized using computational chemistry tools 

to observe the physicochemical properties such as 

total energy, atomic charge, dihedral angle, electron 

density surface, electrostatic potential surface, 

electronegativity, energy gap between the highest 

occupied molecular orbital (HOMO), lowest 

unoccupied molecular orbital (LUMO), electron 

affinity, dipole moment, and ionization potential. 

After that, the observed parameters (descriptors) 

can be used to predict the experimental biological 

activity through a quantitative structure-activity 

relationship (QSAR) study. QSAR is a 

mathematical model that connects the molecular 

descriptors with the biological activity and could be 

found in the literatures based on the structure 

similarity. For example, the anticancer activity of 

halogenated xanthone against MCF-7 breast cancer 

cells can be estimated using the following equation: 

 

log(IC50) = 100(LUMO) + 0.36(DM) – 3.02(qC6) –  

                   1.71(qC4) – 7.98(qC1) + 7.85  (1) 

 

whereas IC50, LUMO, DM, and qCi represent the 

half-maximal inhibitory concentration, LUMO 

Figure 2. The principle of bio-guided fractionation. 
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energy, dipole moment, and charge of a carbon 

atom, respectively [77]. 

Molecular docking is the next step in computer-

aided drug design. Molecular docking can be 

performed utilizing the available three-dimensional 

structure of the protein receptor in the protein 

databank. Afterward, the natural product is placed 

in the same position as the native ligand or in the 

same position of its binding pocket. The possible 

orientations and conformations are estimated using 

computational algorithms to find the best complex 

structure. The best complex structure is indicated by 

the lowest root-mean-square deviation, the highest 

binding energy, the lowest inhibition constant, and 

more accessibility to the key amino acid residues of 

the targeted protein [78].  

Then, molecular dynamic simulation is carried 

out to observe the stability of non-covalent 

interactions between the natural product and protein 

receptors during hundred nanoseconds at a certain 

temperature and pressure. Strong binding energy 

and stable complex from molecular dynamic 

simulation indicate that the natural product is 

promising for biological applications [79]. 

However, almost 80% of natural products fail in the 

experimental trials due to toxicity and poor 

pharmacology properties. Lipinski’s rule of five is 

simple but valuable for evaluating orally active 

natural products. This rule does not allow (a) more 

than five hydrogen bond donors, (b) more than ten 

hydrogen bond acceptors, (c) higher molecular 

mass from 500 Daltons, and (d) higher octanol-

water partition coefficient (log P) from 5. All 

criteria are multiples of five, which is the origin of 

the rule’s name [80]. On the other hand, ADMET 

assessment examines the pharmacokinetic 

Database Hyperlink Application 

InterBioScreen Natural 
Products Database 

https://www.ibscreen.com/natural-compounds 
This database provides 
the chemical structure 
of more than 400,000 
natural products Super Natural II https://bioinformatics.charite.de/supernatural 

PubChem https://pubchem.ncbi.mlm.nih.gov/ 

TCM@Taiwan http://tcm.cmu.edu.tw/ 
Traditional Chinese 
medicine database 

Indian Medicinal 
Plants, Phytochemistry 

http://cb.imsc.res.in/imppat/home 
Indian medicinal 
plants 

SystematX https://sistematx.ufpb.br/ Natural products 
database including 
species and taxonomy 
data with reported 
biological activity and 
pharmacokinetics data 

NuBBE Database https://nubbe.iq.unesp.br/portal/nubbe-search.html 

Dr. Duke’s 
Phytochemical & 
Ethnobotanical 

https://phytochem.nal.usda.gov/phytochem/search/list 

KNApSAcK http://www.knapsackfamily.com/KNApSAcK 

DrugBank https://www.drugbank.ca/ Database of proteins 
and nucleotides related 
to a specific disease 
with biochemical 
pathways for drug 
target 

Therapeutic Targets 
Database 

https://db.idrblab.org/ttd/ 

Search Tool for 
Interacting Chemicals 

http://stitch.embl.de/ 

Medicinal Plant 
Genomics Resource 

https://medicinalplantgenomics.msu.edu 
Database for 
metabolome and 
genome of natural 

METLIN Metabolomics https://metlin.scripps.edu 

Table 2. Available online database for in silico screening of natural products [76]. 

https://www.ibscreen.com/natural-compounds
https://bioinformatics.charite.de/supernatural
https://pubchem.ncbi.mlm.nih.gov/
http://tcm.cmu.edu.tw/
http://cb.imsc.res.in/imppat/home
https://sistematx.ufpb.br/
https://nubbe.iq.unesp.br/portal/nubbe-search.html
https://phytochem.nal.usda.gov/phytochem/search/list
http://www.knapsackfamily.com/KNApSAcK
https://www.drugbank.ca/
https://db.idrblab.org/ttd/
http://stitch.embl.de/
https://medicinalplantgenomics.msu.edu
https://metlin.scripps.edu
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properties of the natural product that stands for 

absorption, distribution, metabolism, excretion, and 

toxicity profiles [81].    

 

4. BIOACTIVITY SCREENING ASSAY 

 

After finding the best candidate of natural 

products through in silico assay, bioactivity 

screening is necessary to confirm and validate the 

expected biological activity of the proposed 

compounds. The type of bioactivity screening 

depends on the targeted applications. For 

antimicrobial assay, Kirby Bauer disc diffusion 

method is a standard protocol to screen the 

antibacterial activity for either Gram-positive 

bacteria or Gram-negative bacteria or fungi. A petri 

dish containing the cultured microbes in agar media 

was inoculated with the tested compound for a 

certain time. When the tested compound shows a 

strong antimicrobial activity, a wide clear zone 

(called as inhibition zone) will be formed. In 

contrast, a restricted clear zone will be observed 

when the tested compound shows weak 

antimicrobial activity. In that clear zone, the 

microbes are not able to grow due to the 

antimicrobial activity of the tested compounds [82]. 

In another case, antimalarial activity could be 

evaluated through heme polymerization inhibitory 

assay. This assay uses hematin due to its structural 

similarity with hemozoin in the Plasmodium 

parasites. When the tested natural products show 

promising antimalarial activity, the polymerization 

of hematin will be suppressed; thus, the 

concentration of hematin inside the Plasmodium 

vacuole will be high enough to cause the mortality 

of the parasites. Therefore, this initial screening is 

pivotal before in vitro screening using real 

Plasmodium parasites [83]. 

  

5. DRUGS MODIFICATION 

 

Sometimes, it is necessary to modify the 

chemical structure of the natural products to obtain 

a higher biological activity, better pharmacological 

properties, lower toxicity to normal cells, higher 

solubility and partition coefficient, better 

metabolism, higher chemical and physical 

stabilities, or less undesired side effects [84][85]. 

As an example, halichondrin B is a natural 

macrolide produced by Halichondria okadai 

sponge. The first isolation of this compound was 

reported in 1986 by Hirata and Uemura [86]. In 

1991, this natural product was highly prioritized by 

the United States National Cancer Institute due to 

its superior anticancer activity against murine 

cancer cells. In 1992, Aicher et al. reported a total 

Figure 3. Modification of natural products-based drugs through chemical reactions. 
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synthesis of eribulin, a simplified structure of 

halichondrin B with similar bioactivity. This 

structure simplification is beneficial to significantly 

reduce the synthesis cost in the commercialization 

process. In 2010, the United States Food and Drug 

Administration approved eribulin for treating 

metastatic breast cancer patients [87]. The chemical 

modification strategy is shown in Figure 3. 

Another approach for structure simplification has 

been applied to lovastatin in suppressing the blood 

cholesterol level and cardiovascular disease. 

Lovastatin had its approval in 1987. However, 

lovastatin contains 8 chiral centers; thus having 256 

possible stereoisomers, which complicates the 

chiral resolution stage. The additional methyl group 

at carbon-alpha of lovastatin gives simvastatin with 

one chiral center reduction. Further modification of 

lovastatin yielded fluvastatin, having only two 

chiral centers with the same biological activity to 

suppress hypercholesterolemia in cardiovascular 

disease. Both simvastatin and fluvastatin have been 

approved in 1992 and 1994, respectively [88]. 

Phlorizin is an antidiabetic drug in Mallus 

pumila (apple) that works through the inhibition of 

SLT1 and SGLT2. However, its activity and 

selectivity as an antidiabetic agent are not 

satisfying. Chemical modification of phlorizin to 

canagliflozin and empagliflozin dramatically 

increased the activity and selectivity as the 

antidiabetic agent. Both canagliflozin and 

empagliflozin were approved in 2013 and 2014, 

respectively, in the United States, the European 

Union, and Australia [89].  

 

6. IN VITRO AND IN VIVO 

INVESTIGATIONS 

 

Investigation of chemically modified natural 

products is necessary to confirm no significant 

change in biological activity, but there is a critical 

improvement in the targeted properties [90]. For 

antimalarial agents, the in vitro antimalarial activity 

could be examined by testing on Plasmodium 

falciparum or Plasmodium vivax parasites on the 

blood samples. The half-maximal inhibitory 

concentration (abbreviated as IC50) is a commonly 

used parameter to evaluate the bioactivity of the 

drug candidates. A higher IC50 represents a weaker 

antimalarial agent and vice versa. Another 

parameter, i.e., resistance index is an indicator to 

evaluate the ability of drug candidates for the 

resistant strains. The resistance index can be 

determined by dividing the IC50 of the resistant 

strain by the IC50 of the parent strain. A lower 

Figure 4. The journey of natural products in the drug discovery process. 

file:///D:/PANDAWA%20INSTITUTE/2.%20Bioactivities/ISSUE/Vol%201/Vol%201%20No%202/2%20Kurniawan%20et%20al/229-Accepted%20Manuscript-1368-1-18-20230911.docx#_ENREF_90#_ENREF_90
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resistance index shows a higher selectivity to the 

resistant strain [91]. 

A similar approach can be used to evaluate drug 

candidates as anticancer agents. The cancer cell 

lines are cultured in the selected media and 

incubated with the drug candidates for a specific 

time. MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) reagent is mostly 

used in vitro assay due to its simple observation by 

using an ELISA reader at a fixed wavelength of 570 

nm. MTT assay observes the reaction between MTT 

and oxidoreductase enzyme in living cells; thus, the 

color absorbance of the solution directly reflects the 

cell viability. The IC50 value is estimated using a 

probit analysis. Further investigation of the 

anticancer agent can be performed by dividing the 

IC50 value for normal cells with the IC50 value of the 

cancer cells, called the selectivity index. A safe 

anticancer agent shall be toxic for cancer cells only 

and not give significant toxicity to the normal cells. 

The selectivity index shall be higher than 3 to be 

said as a selective anticancer agent [92]. 

Ex vivo assay is also possible to be examined 

when the disease is located in a tissue or an organ 

with a similar biological condition in the living 

organisms. This assay can be performed when there 

is no possibility of ethical approval in the living 

organisms, such as gene therapy, surgical model, or 

bioimaging purposes [93]. On the other hand, in 

vivo assay is the next stage for drug discovery after 

the in vitro assay. In in vivo assay, the experiment is 

conducted in a whole living organism such as mices 

or rabbits. In vivo gives a more comprehensive map 

of the bioactivity of natural products because it 

concerns all effects in the living organism. A drug 

candidate can be very effective and selective in the 

in vitro assay; however, it could be non-active in 

the in vivo assay due to fast catabolism in the liver 

or other reasons [94].  

 

7. CLINICAL TRIALS AND DRUG 

APPROVAL  

 

The last stage in the drug discovery is clinical 

trials. In this stage, the experiment involves a small 

group of living humans as a representative of the 

world’s population. The main purpose of this stage 

is to confirm that the drug candidates are safe and 

give minimal side effects to the human body [95]. 

Four stages in the clinical trials should be passed 

before the drug approval. The first level is clinical 

trial phase 0. In this phase, around 10 to 20 people 

with specific diseases are given a drug candidate in 

a certain dose to confirm that the treatment is not 

harmful to the human body. This stage is also useful 

in preliminary investigating whether the drugs 

could reach the targeted cells. The second stage is 

clinical trial phase I, involving 20 to 50 people. 

This stage aims to find the best drug dose and 

medical treatment, as well as observe the side 

effects during the therapy. Next, clinical trial phase 

II uses a random sampling for more than 100 people 

to better understand the optimum dose and medical 

treatment that gives the best bioactivity with the 

most negligible side effects as a function of sex, 

age, genes, and health conditions. In clinical trial 

phase III, hundreds of people are treated with the 

new drug candidate to know its efficiency 

compared to the commercial drugs and/or 

standardized treatments. In the final stage, clinical 

trial phase IV is designated the last stage for 

hundreds to thousands of people to observe the long

-term effects after consuming the drug candidates 

[96]. Unfortunately, almost 80 to 90% of natural 

products fail in clinical trials due to unsatisfying 

results [97]-[101]. Figure 4 shows that generally, a 

drug is approved from the thousands of natural 

products in the biological screening stage. 

Ultimately, the health organization will review the 

results of the clinical trials, and then the board will 

decide whether the drug approval can be given for 

commercialization, health, and safety purposes 

[102].  

Once drug approval by authorized organizations 

and/or the government has been given, the 

commercial production of the approved drug 

compound is started. At this level, research and 

development groups are working to have a simpler 

isolation and modification method, a higher 

production yield, a higher purity, and a robust large-

scale production. These research optimizations aim 

to find low-cost raw materials, suppress the 

production cost, inexpensive but safe drug 

formulation, limit the side effects, establish a 

continuous flow production rather than batch 

process, fasten the production process, and meet a 

wide consumer diversity [103][104]. This industrial 

research needs serious and continuous monitoring 
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because small mistakes in the drug production 

process could lead to fatal health problems in the 

communities [105]. From the industrial researchers, 

hundreds of patents are available as the results of 

industrial research; thus, the same drug compound 

may have some commercial names due to the 

unique and special recipe of each industry. For 

example, paracetamol is sold in the Tylenol brand 

by McNeil Consumer Healthcare from Johnson & 

Johnson in the United States, Switzerland, Portugal, 

Canada, and Brazil. In Turkey, Hong Kong, and 

Great Britain, paracetamol has been 

commercialized in the Calpol brand by Johnson & 

Johnson since 2006. On the other hand, Panadol 

containing paracetamol is available in the United 

Arab Emirates, Thailand, Taiwan, Singapore, 

Netherlands, Korea, Italy, Indonesia, and Australia. 

Other brand names of paracetamol, such as Acamol, 

Acetaminophen, Adol, Dexamol, Hedanol, Pacol, 

Paracitol, Paramol, Pyrenol, and Sanmol, are found 

in other countries as well [106].  

 

8. FUTURE PROSPECTS IN DRUG DESIGN 

BASED ON NATURAL PRODUCTS  

 

As of today, we are grateful that some powerful 

tools have been available for drug design based on 

natural products. They are the detailed reports of 

lead compounds on the published articles and 

online databases, available software’s for in silico 

screenings, advanced isolation and purification 

techniques with robust instruments, well-

established biological assay in the medicinal field, 

and a systematic evaluation for clinical trials. 

However, researchers are still widely open for drug 

design and development because some standard 

drugs have been resistant due to irregular usage of 

drugs and mutations in the key biomolecules in a 

specific disease. Furthermore, there is no available 

technology on cell, tissue, and organ simulations for 

a specific drug with similar parameters to biological 

conditions as of today. Drug design using machine 

learning and artificial intelligence may overcome 

that issue, but this field is still limitedly investigated 

recently. Drug design and development based on 

natural products calls on all talented researchers to 

give their best efforts to find more active and 

selective drug candidates and faster drug discovery 

to suppress the number of active and death cases in 

the future.  

 

9. CONCLUSIONS 

 

This review offers a comprehensive perspective 

on the drug discovery process based on natural 

products. The isolation, separation, purification, and 

characterization stage is the first step in finding the 

expected bioactive compounds. The natural 

products are then screened through in silico 

approach employing quantitative structure-activity 

relationship, molecular docking, molecular dynamic 

simulation, and ADMET assessments. This 

computer-aided drug design is constructive to 

suppress the laboratory’s experimental cost, trials, 

and errors. The bio-guided assay is then subjected 

to focus the research on the targeted application. 

Structural modification can be conducted in order to 

have stronger biological activity, better 

pharmacological properties, lower toxicity to 

normal cells, higher solubility and partition 

coefficient, better metabolism, higher chemical and 

physical stabilities, and less undesired side effects. 

Preclinical investigations, including in vitro, ex 

vivo, and in vivo assays, are needed to eliminate 

unsuitable drug candidates. In the final stage, 

natural products shall pass through the clinical trials 

phases 0, I, II, III, and IV to obtain drug approval 

for an actual medical application.  

 

AUTHOR INFORMATION 

 

Corresponding Author 

Yehezkiel Steven Kurniawan  — Department 

of Chemistry, Universitas Gadjah Mada, 

Yogyakarta-55281 (Indonesia); 

Email: yehezkiel.steven.k@mail.ugm.ac.id 

orcid.org/0000-0002-4547-239X  

 

Authors 

Tantiana Indriani — Department of Chemistry, 

Universitas Ma Chung, Malang-65151 

(Indonesia); 

orcid.org/0009-0006-7191-5082 

Hanif Amrulloh — Department of Islamic 

Primary School Teacher Education, Universitas 

Ma’arif Lampung, Metro-34111 (Indonesia); 

orcid.org/0000-0001-7458-9258 

Langit Cahya Adi — Laboratoire National des 

mailto:yehezkiel.steven.k@mail.ugm.ac.id
https://orcid.org/0000-0002-4547-239X
https://orcid.org/0009-0006-7191-5082
https://orcid.org/0000-0001-7458-9258


Bioactivities 

53 

Champs Magnétiques Intenses (LNCMI) – 

CNRS, 25 Avenue des Martyrs, Grenoble-38042 

(France); 

orcid.org/0000-0001-5034-132X 

Arif Cahyo Imawan — Graduate Institute of 

Applied Science and Technology, National 

Taiwan University of Science and Technology, 

Taipei-10607 (Taiwan); 

orcid.org/0000-0003-1910-7572  

Krisfian Tata Aneka Priyangga — Pre-service 

Teacher Professional Education Program, Field 

of Chemistry, Universitas Negeri Yogyakarta, 

Yogyakarta-55281 (Indonesia); 

orcid.org/0000-0002-4119-2470  

Ervan Yudha — Department of Chemistry, 

Universitas Gadjah Mada, Yogyakarta-55281 

(Indonesia); 

orcid.org/0009-0004-6955-4885 

 

Author Contributions 

All authors contribute equally.  

 

Conflicts of Interest 

The authors declare no conflict of interest. 

 

REFERENCES 

 

[1] T. D. Wahyuningsih and Y. S. Kurniawan. 

(2017). "Green synthesis of some novel 

dioxolane compounds from Indonesian 

essential oils as potential biogrease". AIP 

Conference Proceedings. 1823 : 

020081. 10.1063/1.4978154. 

[2] Y. S. Kurniawan, Y. Ramanda, K. Thomas, 

H. Hendra, and T. D. Wahyuningsih. (2017). 

"Synthesis of 1,4-Dioxaspiro[4.4] and 1,4-

Dioxaspiro[4.5] Novel Compounds from 

Oleic Acid as Potential 

Biolubricant". Indonesian Journal of 

Chemistry. 17 (2).  10.22146/ijc.24891. 

[3] Y. S. Kurniawan, M. Anwar, and T. D. 

Wahyuningsih. (2017). "New Lubricant from 

Used Cooking Oil: Cyclic Ketal of Ethyl 9,10

-Dihydroxyoctadecanoate". Materials 

Science Forum. 901 : 135-141. 10.4028/

www.scientific.net/MSF.901.135. 

[4] A. C. Imawan, Y. S. Kurniawan, M. F. 

Lukman, J. Jumina, T. Triyono, and D. 

Siswanta. (2018). "Synthesis and Kinetic 

Study of the Urea Controlled Release 

Composite Material: Sodium Lignosulfonate 

from Isolation of Wood Sawdust-Sodium 

Alginate-Tapioca". Indonesian Journal of 

Chemistry. 18 (1). 10.22146/ijc.26597. 

[5] T. D. Wahyuningsih and Y. S. Kurniawan. 

(2020). "Synthesis of Dioxo-Dioxane and 

Dioxo-Dioxepane Ethyl Oleate Derivatives 

as Bio-Lubricant Base Stocks". Indonesian 

Journal of Chemistry. 20 (3). 10.22146/

ijc.42317. 

[6] Y. S. Kurniawan, H. O. Lintang, and L. 

Yuliati. (2020). "Preparation of Green-

Emissive Zinc Oxide Composites Using 

Natural Betacyanin Pigment Isolated from 

Red Dragon Fruit". Indonesian Journal of 

Chemistry. 21 (1). 10.22146/ijc.52351. 

[7] Y. S. Kurniawan, K. Thomas, Hendra, 

Jumina, and T. D. Wahyuningsih. (2021). 

"Green synthesis of alkyl 8-(2-butyl-5-octyl-

1, 3-dioxolan-4-yl)octanoate derivatives as 

potential biolubricants from used frying 

oil". ScienceAsia. 47 (1).  10.2306/

scienceasia1513-1874.2021.010. 

[8] T. D. Wahyuningsih, Y. S. Kurniawan, S. 

Amalia, T. A. K. Wardhani, and C. E. S. 

Muriningsih. (2019). "Diethanolamide 

Derivatives as a Potential Enhanced Oil 

Recovery Agent from Indonesian Castor Oil 

and Used Frying Oil: Isolation, Synthesis, 

and Evaluation as Nonionic 

Biosurfactants". Rasayan Journal of 

Chemistry. 12 (02): 741-748. 10.31788/

rjc.2019.1225140. 

[9] T. D. Wahyuningsih, Y. S. Kurniawan, N. 

Musphianti, N. Ceristrisani, and A. D. 

Suryanti. (2020). "Evaluation of 

ethanolamide based nonionic biosurfactant 

materials from chemically modified castor oil 

and used palm oil waste". Indian Journal of 

Chemical Technology. 27 : 326-332. 

[10] Y. S. Kurniawan, K. Anggraeni, R. 

Indrawati, and L. Yuliati. (2019). "Selective 

betalain impregnation from Red amaranth 

extract onto titanium dioxide 

nanoparticles". AIP Conference 

Proceedings. 2175 : 

020049. 10.1063/1.5134613. 

[11] Y. S. Kurniawan, K. Anggraeni, R. 

https://orcid.org/0000-0001-5034-132X
https://orcid.org/0000-0003-1910-7572
https://orcid.org/0000-0002-4119-2470
https://orcid.org/0009-0004-6955-4885
https://doi.org/10.1063/1.4978154
https://doi.org/10.22146/ijc.24891
https://doi.org/10.4028/www.scientific.net/MSF.901.135
https://doi.org/10.4028/www.scientific.net/MSF.901.135
https://doi.org/10.22146/ijc.26597
https://doi.org/10.22146/ijc.42317
https://doi.org/10.22146/ijc.42317
https://doi.org/10.22146/ijc.52351
https://doi.org/10.2306/scienceasia1513-1874.2021.010
https://doi.org/10.2306/scienceasia1513-1874.2021.010
https://doi.org/10.31788/rjc.2019.1225140
https://doi.org/10.31788/rjc.2019.1225140
https://doi.org/10.1063/1.5134613


Bioactivities 

54 

Indrawati, and L. Yuliati. (2020). 

"Functionalization of titanium dioxide 

through dye-sensitizing method utilizing red 

amaranth extract for phenol 

photodegradation". IOP Conference Series: 

Materials Science and 

Engineering. 902 (1). 10.1088/1757-

899x/902/1/012029. 

[12] Y. S. Kurniawan, M. R. G. Fahmi, and L. 

Yuliati. (2020). "Isolation and Optical 

Properties of Natural Pigments from Purple 

Mangosteen Peels". IOP Conference Series: 

Materials Science and 

Engineering. 833 (1). 10.1088/1757-

899x/833/1/012018. 

[13] A. S. Hutama, H. Huang, and Y. S. 

Kurniawan. (2019). "Investigation of the 

chemical and optical properties of halogen-

substituted N-methyl-4-piperidone curcumin 

analogs by density functional theory 

calculations". Spectrochimica Acta Part A: 

Molecular and Biomolecular 

Spectroscopy. 221 : 117152. 10.1016/

j.saa.2019.117152. 

[14] Jumina, A. Nurmala, A. Fitria, D. Pranowo, 

E. N. Sholikhah, Y. S. Kurniawan, and B. 

Kuswandi. (2018). "Monomyristin and 

Monopalmitin Derivatives: Synthesis and 

Evaluation as Potential Antibacterial and 

Antifungal 

Agents". Molecules. 23 (12).  10.3390/

molecules23123141. 

[15] J. Jumina, W. Lavendi, T. Singgih, S. Triono, 

Y. S. Kurniawan, and M. Koketsu. (2019). 

"Preparation of Monoacylglycerol 

Derivatives from Indonesian Edible Oil and 

Their Antimicrobial Assay against 

Staphylococcus aureus and Escherichia 

coli". Scientific Reports. 9 (1): 

10941. 10.1038/s41598-019-47373-4. 

[16] J. Jumina, M. Mutmainah, B. Purwono, Y. S. 

Kurniawan, and Y. M. Syah. (2019). 

"Antibacterial and Antifungal Activity of 

Three Monosaccharide Monomyristate 

Derivatives". Molecules. 24 (20). 10.3390/

molecules24203692. 

[17] A. Stiawan, E. N. Sholikhah, Y. S. 

Kurniawan, Y. Priastomo, and J. Jumina. 

(2021). "Synthesis, cytotoxicity assay, and 

molecular docking study of hydroxychalcone 

derivatives as potential tyrosinase 

inhibitors". Journal of Chinese 

Pharmaceutical Sciences. 30 (8): 634-

644. 10.5246/jcps.2021.08.051. 

[18] N. Fatmasari, Y. S. Kurniawan, J. Jumina, C. 

Anwar, Y. Priastomo, H. D. Pranowo, A. K. 

Zulkarnain, and E. N. Sholikhah. (2022). 

"Synthesis and in vitro assay of 

hydroxyxanthones as antioxidant and 

anticancer agents". Scientific Reports. 12 (1): 

1535. 10.1038/s41598-022-05573-5. 

[19] D. K. Sari, D. D. N. W. Hidayat, D. R. 

Fatmawati, S. Triono, Y. S. Kurniawan, and 

J. Jumina. (2022). "Synthesis and 

Antimalarial Activity Assay of <i>C</i>- 

Arylcalix[4]pyrogallolarenes Using Heme 

Polymerization Inhibition Activity (HPIA) 

Method". Materials Science 

Forum. 1061 187-193. 10.4028/p-5w4b49. 

[20] D. R. Fatmawati, D. N. W. Hidayat, D. K. 

Sari, R. R. Putri, J. Jumina, and Y. S. 

Kurniawan. (2022). "Potential of C-

Phenylcalix[4]Resorcinarene Epoxide 

Compound as Drug Delivery Agent in Breast 

Cancer Cells MCF-7". Jurnal Kimia Sains 

dan Aplikasi. 25 (3): 123-129. 10.14710/

jksa.25.3.123-129. 

[21] Y. S. Kurniawan, N. Fatmasari, J. Jumina, H. 

D. Pranowo, and E. N. Sholikhah. (2023). 

"Evaluation of the anticancer activity of 

hydroxyxanthones against human liver 

carcinoma cell line". Journal of 

Multidisciplinary Applied Natural 

Science.  10.47352/jmans.2774-3047.165. 

[22] J. Jumina, Y. S. Kurniawan, R. Sari, S. N. H. 

B. Purba, H. Radean, P. Priatmoko, D. 

Pranowo, B. Purwono, J. Julianus, A. K. 

Zulkarnain, and E. N. Sholikhah. (2022). 

"Synthesis and High Antioxidant Activity of 

C-Alkyl Calix[4]resorcinarene and C-Alkyl 

Calix[4]pyrogallolarene 

Derivatives". Indonesian Journal of 

Pharmacy. 422-433. 10.22146/ijp.2199. 

[23] H. Yuan, Q. Ma, L. Ye, and G. Piao. (2016). 

"The Traditional Medicine and Modern 

Medicine from Natural 

Products". Molecules. 21 (5). 10.3390/

molecules21050559. 

https://doi.org/10.1088/1757-899x/902/1/012029
https://doi.org/10.1088/1757-899x/902/1/012029
https://doi.org/10.1088/1757-899x/833/1/012018
https://doi.org/10.1088/1757-899x/833/1/012018
https://doi.org/10.1016/j.saa.2019.117152
https://doi.org/10.1016/j.saa.2019.117152
https://doi.org/10.3390/molecules23123141
https://doi.org/10.3390/molecules23123141
https://doi.org/10.1038/s41598-019-47373-4
https://doi.org/10.3390/molecules24203692
https://doi.org/10.3390/molecules24203692
https://doi.org/10.5246/jcps.2021.08.051
https://doi.org/10.1038/s41598-022-05573-5
https://doi.org/10.4028/p-5w4b49
https://doi.org/10.14710/jksa.25.3.123-129
https://doi.org/10.14710/jksa.25.3.123-129
https://doi.org/10.47352/jmans.2774-3047.165
https://doi.org/10.22146/ijp.2199
https://doi.org/10.3390/molecules21050559
https://doi.org/10.3390/molecules21050559


Bioactivities 

55 

[24] C. X. Liu. (2021). "Overview on 

development of ASEAN traditional and 

herbal medicines". Chinese Herbal 

Medicines. 13 (4): 441-450. 10.1016/

j.chmed.2021.09.002. 

[25] Elfahmi, H. J. Woerdenbag, and O. Kayser. 

(2014). "Jamu: Indonesian traditional herbal 

medicine towards rational 

phytopharmacological use". Journal of 

Herbal Medicine. 4 (2): 51-73. 10.1016/

j.hermed.2014.01.002. 

[26] W. Sumarni, S. Sudarmin, and S. S. Sumarti. 

(2019). "The scientification of jamu: a study 

of Indonesian’s traditional 

medicine". Journal of Physics: Conference 

Series. 1321 (3). 10.1088/1742-

6596/1321/3/032057. 

[27] C. J. Etheridge and E. Derbyshire. (2019). 

"Herbal infusions and health". Nutrition & 

Food Science. 50 (5): 969-985. 10.1108/nfs-

08-2019-0263. 

[28] A. M. Mayer, K. B. Glaser, C. Cuevas, R. S. 

Jacobs, W. Kem, R. D. Little, J. M. 

McIntosh, D. J. Newman, B. C. Potts, and D. 

E. Shuster. (2010). "The odyssey of marine 

pharmaceuticals: a current pipeline 

perspective". Trends in Pharmacological 

Sciences. 31 (6): 255-65. 10.1016/

j.tips.2010.02.005. 

[29] R. A. Sharma, A. J. Gescher, and W. P. 

Steward. (2005). "Curcumin: the story so 

far". European Journal of Cancer. 41 (13): 

1955-68. 10.1016/j.ejca.2005.05.009. 

[30] K. C. Srivastava, A. Bordia, and S. K. 

Verma. (1995). "Curcumin, a major 

component of food spice turmeric (Curcuma 

longa) inhibits aggregation and alters 

eicosanoid metabolism in human blood 

platelets". Prostaglandins Leukot Essent 

Fatty Acids. 52 (4): 223-227. 10.1016/0952-

3278(95)90040-3. 

[31] E. d. Clercq. (2000). "Current lead natural 

products for the chemotherapy of human 

immunodeficiency virus (HIV) 

infection". Medicinal Research Review. 20 : 

323-349. 10.1002/1098-1128(200009)

20:5<323::AID-MED1>3.0.CO;2-A. 

[32] C. Kirana, I. R. Record, G. H. McIntosh, and 

G. P. Jones. (2008). "Screening for 

Antitumor Activity of 11 Species of 

Indonesian Zingiberaceae Using Human 

MCF-7 and HT-29 Cancer 

Cells". Pharmaceutical Biology. 41 (4): 271-

276. 10.1076/phbi.41.4.271.15673. 

[33] K. M. Park, J. H. Cho, J. H. Sohn, S. H. Lee, 

and J. K. Hwang. (2005). "Antibacterial 

activity of panduratin A isolated from 

Kaempferia pandurate against 

Porphyromonas gingivalis". Food Science 

and Biotechnology. 14 : 286-289. 

[34] G. Q. Zheng, P. M. Kenney, and L. K. T. 

Lam. (2002). "Potential anticarcinogenic 

natural products isolated from lemongrass oil 

and galanga root oil". Journal of Agricultural 

and Food Chemistry. 41 (2): 153-

156. 10.1021/jf00026a001. 

[35] I. Kubo, Y. Murai, I. Soediro, S. Soetarno, 

and S. Sastrodihardjo. (2004). "Efficient 

Isolation of Glycosidase Inhibitory Stilbene 

Glycosides from Rheum palmatum". Journal 

of Natural Products. 54 (4): 1115-

1118. 10.1021/np50076a034. 

[36] V. K. Dua, V. P. Ojha, R. Roy, B. C. Joshi, 

N. Valecha, C. U. Devi, M. C. Bhatnagar, V. 

P. Sharma, and S. K. Subbarao. (2004). "Anti

-malarial activity of some xanthones isolated 

from the roots of Andrographis 

paniculata". Journal of 

Ethnopharmacology. 95 (2-3): 247-

51. 10.1016/j.jep.2004.07.008. 

[37] F. Notka, G. Meier, and R. Wagner. (2004). 

"Concerted inhibitory activities of 

Phyllanthus amarus on HIV replication in 

vitro and ex vivo". Antiviral 

Research. 64 (2): 93-102. 10.1016/s0166-

3542(04)00129-9. 

[38] L. Tona. (2004). "In vitro antiplasmodial 

activity of extracts and fractions from seven 

medicinal plants used in the Democratic 

Republic of Congo". Journal of 

Ethnopharmacology.  10.1016/s0378-8741

(04)00084-4. 

[39] J. Kamei, A. Saitoh, T. Asano, R. Nakamura, 

H. Ichiki, A. Iiduka, and M. Kubo. (2005). 

"Pharmacokinetic and pharmacodynamic 

profiles of the antitussive principles of 

Glycyrrhizae radix (licorice), a main 

component of the Kampo preparation 

https://doi.org/10.1016/j.chmed.2021.09.002
https://doi.org/10.1016/j.chmed.2021.09.002
https://doi.org/10.1016/j.hermed.2014.01.002
https://doi.org/10.1016/j.hermed.2014.01.002
https://doi.org/10.1088/1742-6596/1321/3/032057
https://doi.org/10.1088/1742-6596/1321/3/032057
https://doi.org/10.1108/nfs-08-2019-0263
https://doi.org/10.1108/nfs-08-2019-0263
https://doi.org/10.1016/j.tips.2010.02.005
https://doi.org/10.1016/j.tips.2010.02.005
https://doi.org/10.1016/j.ejca.2005.05.009
https://doi.org/10.1016/0952-3278(95)90040-3
https://doi.org/10.1016/0952-3278(95)90040-3
https://doi.org/10.1002/1098-1128(200009)20:5%3c323::AID-MED1%3e3.0.CO;2-A
https://doi.org/10.1002/1098-1128(200009)20:5%3c323::AID-MED1%3e3.0.CO;2-A
https://doi.org/10.1076/phbi.41.4.271.15673
https://doi.org/10.1021/jf00026a001
https://doi.org/10.1021/np50076a034
https://doi.org/10.1016/j.jep.2004.07.008
https://doi.org/10.1016/s0166-3542(04)00129-9
https://doi.org/10.1016/s0166-3542(04)00129-9
https://doi.org/10.1016/s0378-8741(04)00084-4
https://doi.org/10.1016/s0378-8741(04)00084-4


Bioactivities 

56 

Bakumondo-to (Mai-men-dong-

tang)". European Journal of 

Pharmacology. 507 (1-3): 163-168. 10.1016/

j.ejphar.2004.11.042. 

[40] Y. Li, C. Xu, Q. Zhang, J. Y. Liu, and R. X. 

Tan. (2005). "In vitro anti-Helicobacter 

pylori action of 30 Chinese herbal medicines 

used to treat ulcer diseases". Journal of 

Ethnopharmacology. 98 (3): 329-

33. 10.1016/j.jep.2005.01.020. 

[41] L. Zhu and L. Chen. (2019). "Progress in 

research on paclitaxel and tumor 

immunotherapy". Cellular & Molecular 

Biology Letters. 24 : 40. 10.1186/s11658-019

-0164-y. 

[42] Y. Xu, B. S. Ku, H. Y. Yao, Y. H. Lin, X. 

Ma, Y. H. Zhang, and X. J. Li. (2005). 

"Antidepressant effects of curcumin in the 

forced swim test and olfactory bulbectomy 

models of depression in rats". Pharmacology 

Biochemistry and Behavior. 82 (1): 200-

6. 10.1016/j.pbb.2005.08.009. 

[43] M. K. Swamy, M. S. Akhtar, and U. R. 

Sinniah. (2016). "Antimicrobial Properties of 

Plant Essential Oils against Human 

Pathogens and Their Mode of Action: An 

Updated Review". Evidence-Based 

Complementary and Alternative 

Medicine. 2016 : 

3012462. 10.1155/2016/3012462. 

[44] J. Achan, A. O. Talisuna, A. Erhart, A. Yeka, 

J. K. Tibenderana, F. N. Baliraine, P. J. 

Rosenthal, and U. D'Alessandro. (2011). 

"Quinine, an old anti-malarial drug in a 

modern world: role in the treatment of 

malaria". Malaria Journal. 10 : 

144. 10.1186/1475-2875-10-144. 

[45] J. L. Swerdlow. (2000). "Nature's medicine: 

Plants that heal". National Geographic 

Society, Washington DC. 

[46] D. L. Klayman. (1985). "Qinghaosu 

(artemisinin): an antimalarial drug from 

China". Science. 228 (4703): 1049-

55. 10.1126/science.3887571. 

[47] K. C. Nicolaou and E. J. Sorensen. (1996). 

"Classics in total synthesis: Targets, 

strategies, methods". Wiley-VCH, New 

Jersey. 

[48] S. Pandey, M. Goyani, V. Devmurari, and J. 

Fakir. (2009). "Transferosomes: A novel 

approach for transdermal drug delivery". Der 

Pharmacia Lettre. 1 (2): 143-150. 

[49] A. Garg and S. Singh. (2014). "Targeting of 

eugenol-loaded solid lipid nanoparticles to 

the epidermal layer of human 

skin". Nanomedicine (Lond). 9 (8): 1223-

38. 10.2217/nnm.13.33. 

[50] P. N. Lee and W. S. Ho. (2013). 

"Antiproliferative activity of gambogic acid 

isolated from Garcinia hanburyi in Hep3B 

and Huh7 cancer cells". Oncology 

Reports. 29 (5): 1744-50. 10.3892/

or.2013.2291. 

[51] M. S. Butler. (2004). "The role of natural 

product chemistry in drug 

discovery". Journal of Natural 

Products. 67 (12): 2141-53. 10.1021/

np040106y. 

[52] Y. W. Chin, M. J. Balunas, H. B. Chai, and 

A. D. Kinghorn. (2006). "Drug discovery 

from natural sources". The AAPS 

Journal. 8 (2): E239-53. 10.1007/

BF02854894. 

[53] J. M. Oliver, E. L. Ross, and E. K. Frank. 

(1994). In: " V. P. Gullo (Ed.) Discovery of 

Novel Natural Products with Therapeutic 

Potential". Butterworth-Heinemann, Boston, 

MA. 109-174. 10.1016/b978-0-7506-9003-

4.50011-3. 

[54] D. J. Faulkner. (2002). "Marine natural 

products". Natural Product Reports. 19 (1): 1

-48. 10.1039/b009029h. 

[55] M. O. Ishitsuka, T. Kusumi, and H. 

Kakisawa. (2002). "Antitumor xenicane and 

norxenicane lactones from the brown alga 

Dictyota dichotoma". The Journal of Organic 

Chemistry. 53 (21): 5010-5013. 10.1021/

jo00256a020. 

[56] K. L. Rinehart, T. G. Holt, N. L. Fregeau, J. 

G. Stroh, P. A. Keifer, F. Sun, L. H. Li, and 

D. G. Martin. (2002). "Ecteinascidins 729, 

743, 745, 759A, 759B, and 770: potent 

antitumor agents from the Caribbean tunicate 

Ecteinascidia turbinata". The Journal of 

Organic Chemistry. 55 (15): 4512-

4515. 10.1021/jo00302a007. 

[57] J. Houbraken, J. C. Frisvad, and R. A. 

Samson. (2011). "Fleming's penicillin 

https://doi.org/10.1016/j.ejphar.2004.11.042
https://doi.org/10.1016/j.ejphar.2004.11.042
https://doi.org/10.1016/j.jep.2005.01.020
https://doi.org/10.1186/s11658-019-0164-y
https://doi.org/10.1186/s11658-019-0164-y
https://doi.org/10.1016/j.pbb.2005.08.009
https://doi.org/10.1155/2016/3012462
https://doi.org/10.1186/1475-2875-10-144
https://doi.org/10.1126/science.3887571
https://doi.org/10.2217/nnm.13.33
https://doi.org/10.3892/or.2013.2291
https://doi.org/10.3892/or.2013.2291
https://doi.org/10.1021/np040106y
https://doi.org/10.1021/np040106y
https://doi.org/10.1007/BF02854894
https://doi.org/10.1007/BF02854894
https://doi.org/10.1016/b978-0-7506-9003-4.50011-3
https://doi.org/10.1016/b978-0-7506-9003-4.50011-3
https://doi.org/10.1039/b009029h
https://doi.org/10.1021/jo00256a020
https://doi.org/10.1021/jo00256a020
https://doi.org/10.1021/jo00302a007


Bioactivities 

57 

producing strain is not Penicillium 

chrysogenum but P. rubens". IMA 

Fungus. 2 (1): 87-95. 10.5598/

imafungus.2011.02.01.12. 

[58] D. T. Tuyen, G. Y. Yew, N. T. Cuong, L. T. 

Hoang, H. T. Yen, P. T. Hong Thao, N. T. 

Thao, N. Sy le Thanh, N. T. Hien Trang, N. 

T. Trung, R. Afridi, D. T. Mai Anh, and P. L. 

Show. (2021). "Selection, purification, and 

evaluation of acarbose-an alpha-glucosidase 

inhibitor from Actinoplanes 

sp". Chemosphere. 265 : 129167. 10.1016/

j.chemosphere.2020.129167. 

[59] A. L. Staley and K. L. Rinehart. (1994). 

"Spectomycins, new antibacterial compounds 

produced by Streptomyces spectabilis: 

isolation, structures, and biosynthesis". The 

Journal of Antibiotics. 47 (12): 1425-

33. 10.7164/antibiotics.47.1425. 

[60] W. Gao, Z. Wu, J. Sun, X. Ni, and H. Xia. 

(2017). "Modulation of kanamycin B and 

kanamycin A biosynthesis in Streptomyces 

kanamyceticus via metabolic 

engineering". PLoS One. 12 (7): 

e0181971. 10.1371/journal.pone.0181971. 

[61] N. Srinivasan, K. Thangavelu, and S. 

Uthandi. (2022). "Lovastatin production by 

an oleaginous fungus, Aspergillus terreus 

KPR12 using sago processing wastewater 

(SWW)". Microbial Cell Factories. 21 (1): 

22. 10.1186/s12934-022-01751-2. 

[62] N. E. Thomford, D. A. Senthebane, A. Rowe, 

D. Munro, P. Seele, A. Maroyi, and K. 

Dzobo. (2018). "Natural Products for Drug 

Discovery in the 21st Century: Innovations 

for Novel Drug Discovery". International 

Journal of Molecular 

Sciences. 19 (6).  10.3390/ijms19061578. 

[63] D. J. Newman and G. M. Cragg. (2020). 

"Natural Products as Sources of New Drugs 

over the Nearly Four Decades from 01/1981 

to 09/2019". Journal of Natural 

Products. 83 (3): 770-803. 10.1021/

acs.jnatprod.9b01285. 

[64] M. Ekor. (2014). "The growing use of herbal 

medicines: issues relating to adverse 

reactions and challenges in monitoring 

safety". Frontiers in Pharmacology. 4 : 

177. 10.3389/fphar.2013.00177. 

[65] Q. W. Zhang, L. G. Lin, and W. C. Ye. 

(2018). "Techniques for extraction and 

isolation of natural products: a 

comprehensive review". Chinese 

Medicine. 13 : 20. 10.1186/s13020-018-0177

-x. 

[66] F. Chemat, M. Abert Vian, A.-S. Fabiano-

Tixier, M. Nutrizio, A. Režek Jambrak, P. E. 

S. Munekata, J. M. Lorenzo, F. J. Barba, A. 

Binello, and G. Cravotto. (2020). "A review 

of sustainable and intensified techniques for 

extraction of food and natural 

products". Green Chemistry. 22 (8): 2325-

2353. 10.1039/c9gc03878g. 

[67] C. Bitwell, S. S. Indra, C. Luke, and M. K. 

Kakoma. (2023). "A review of modern and 

conventional extraction techniques and their 

applications for extracting phytochemicals 

from plants". Scientific African. 19. 10.1016/

j.sciaf.2023.e01585. 

[68] U. R. Abdelmohsen, A. M. Sayed, and A. H. 

Elmaidomy. (2022). "Natural Products’ 

Extraction and Isolation-Between 

Conventional and Modern 

Techniques". Frontiers in Natural 

Products. 1. 10.3389/fntpr.2022.873808. 

[69] G. F. Pauli, S. N. Chen, J. B. Friesen, J. B. 

McAlpine, and B. U. Jaki. (2012). "Analysis 

and purification of bioactive natural products: 

the AnaPurNa study". Journal of Natural 

Products. 75 (6): 1243-55. 10.1021/

np300066q. 

[70] L. F. Nothias, M. Nothias-Esposito, R. da 

Silva, M. Wang, I. Protsyuk, Z. Zhang, A. 

Sarvepalli, P. Leyssen, D. Touboul, J. Costa, 

J. Paolini, T. Alexandrov, M. Litaudon, and 

P. C. Dorrestein. (2018). "Bioactivity-Based 

Molecular Networking for the Discovery of 

Drug Leads in Natural Product Bioassay-

Guided Fractionation". Journal of Natural 

Products. 81 (4): 758-767. 10.1021/

acs.jnatprod.7b00737. 

[71] C. Tistaert, B. Dejaegher, and Y. Vander 

Heyden. (2011). "Chromatographic 

separation techniques and data handling 

methods for herbal fingerprints: a 

review". Analytica Chimica Acta. 690 (2): 

148-61. 10.1016/j.aca.2011.02.023. 

[72] A. Leo, C. Hansch, and D. Elkins. (2002). 

https://doi.org/10.5598/imafungus.2011.02.01.12
https://doi.org/10.5598/imafungus.2011.02.01.12
https://doi.org/10.1016/j.chemosphere.2020.129167
https://doi.org/10.1016/j.chemosphere.2020.129167
https://doi.org/10.7164/antibiotics.47.1425
https://doi.org/10.1371/journal.pone.0181971
https://doi.org/10.1186/s12934-022-01751-2
https://doi.org/10.3390/ijms19061578
https://doi.org/10.1021/acs.jnatprod.9b01285
https://doi.org/10.1021/acs.jnatprod.9b01285
https://doi.org/10.3389/fphar.2013.00177
https://doi.org/10.1186/s13020-018-0177-x
https://doi.org/10.1186/s13020-018-0177-x
https://doi.org/10.1039/c9gc03878g
https://doi.org/10.1016/j.sciaf.2023.e01585
https://doi.org/10.1016/j.sciaf.2023.e01585
https://doi.org/10.3389/fntpr.2022.873808
https://doi.org/10.1021/np300066q
https://doi.org/10.1021/np300066q
https://doi.org/10.1021/acs.jnatprod.7b00737
https://doi.org/10.1021/acs.jnatprod.7b00737
https://doi.org/10.1016/j.aca.2011.02.023


Bioactivities 

58 

"Partition coefficients and their 

uses". Chemical Reviews. 71 (6): 525-

616. 10.1021/cr60274a001. 

[73] S. Sasidharan, Y. Chen, D. Saravanan, K. M. 

Sundram, and L. Y. Latha. (2010). 

"Extraction, Isolation And Characterization 

Of Bioactive Compounds From Plants’ 

Extracts". African Journal of Traditional, 

Complementary and Alternative 

Medicines. 8 (1). 10.4314/ajtcam.v8i1.60483. 

[74] J. Prichystal, K. A. Schug, K. Lemr, J. 

Novak, and V. Havlicek. (2016). "Structural 

Analysis of Natural Products". Analytical 

Chemistry. 88 (21): 10338-10346. 10.1021/

acs.analchem.6b02386. 

[75] S. Brogi, T. C. Ramalho, K. Kuca, J. L. 

Medina-Franco, and M. Valko. (2020). 

"Editorial: In silico Methods for Drug Design 

and Discovery". Frontiers in Chemistry. 8 : 

612. 10.3389/fchem.2020.00612. 

[76] U. Anand, N. Jacobo-Herrera, A. Altemimi, 

and N. Lakhssassi. (2019). "A 

Comprehensive Review on Medicinal Plants 

as Antimicrobial Therapeutics: Potential 

Avenues of Biocompatible Drug 

Discovery". Metabolites. 9 (11).  10.3390/

metabo9110258. 

[77] T. H. Sugara, Jumina, E. N. Solikhah, and H. 

D. Pranowo. (2021). "QSAR and molecular 

docking approaches for development of 

haloxanthones as the anticancer agent against 

MCF-7 and HepG2". Rasayan Journal of 

chemistry. 14 (03): 1927-1937. 10.31788/

rjc.2021.1436214. 

[78] X. Y. Meng, H. X. Zhang, M. Mezei, and M. 

Cui. (2011). "Molecular docking: a powerful 

approach for structure-based drug 

discovery". Current Computer-Aided Drug 

Design. 7 (2): 146-

57. 10.2174/157340911795677602. 

[79] A. Hospital, J. R. Goni, M. Orozco, and J. L. 

Gelpi. (2015). "Molecular dynamics 

simulations: advances and 

applications". Advances and Applications in 

Bioinformatics and Chemistry. 8 : 37-

47. 10.2147/AABC.S70333. 

[80] C. A. Lipinski, F. Lombardo, B. W. Dominy, 

and P. J. Feeney. (2001). "Experimental and 

computational approaches to estimate 

solubility and permeability in drug discovery 

and development settings". Advanced Drug 

Delivery Reviews. 46 (1-3): 3-26. 10.1016/

s0169-409x(00)00129-0. 

[81] H. van de Waterbeemd and E. Gifford. 

(2003). "ADMET in silico modelling: 

towards prediction paradise?". Nature 

Reviews Drug Discovery. 2 (3): 192-

204. 10.1038/nrd1032. 

[82] A. W. Bauer, D. M. Perry, and W. M. Kirby. 

(1959). "Single-disk antibiotic-sensitivity 

testing of staphylococci; an analysis of 

technique and results". A.M.A. Archives of 

Internal Medicine. 104 (2): 208-16. 10.1001/

archinte.1959.00270080034004. 

[83] D. J. Sullivan, Jr., H. Matile, R. G. Ridley, 

and D. E. Goldberg. (1998). "A common 

mechanism for blockade of heme 

polymerization by antimalarial 

quinolines". Journal of Biological 

Chemistry. 273 (47): 31103-7. 10.1074/

jbc.273.47.31103. 

[84] Z. Guo. (2017). "The modification of natural 

products for medical use". Acta 

Pharmaceutica Sinica B. 7 (2): 119-

136. 10.1016/j.apsb.2016.06.003. 

[85] Y. S. Kurniawan, K. T. A. Priyangga, P. A. 

Krisbiantoro, and A. C. Imawan. (2021). 

"Green Chemistry Influences in Organic 

Synthesis : a Review". Journal of 

Multidisciplinary Applied Natural 

Science. 1 (1): 1-12. 10.47352/jmans.v1i1.2. 

[86] Y. Hirata and D. Uemura. (1986). 

"Halichondrins - antitumor polyether 

macrolides from a marine sponge". Pure and 

Applied Chemistry. 58 (5): 701-710. 10.1351/

pac198658050701. 

[87] T. D. Aicher, K. R. Buszek, F. G. Fang, C. J. 

Forsyth, S. H. Jung, Y. Kishi, M. C. 

Matelich, P. M. Scola, D. M. Spero, and S. 

K. Yoon. (2002). "Total synthesis of 

halichondrin B and norhalichondrin 

B". Journal of the American Chemical 

Society. 114 (8): 3162-3164. 10.1021/

ja00034a086. 

[88] P. J. Neuvonen, J. T. Backman, and M. 

Niemi. (2008). "Pharmacokinetic comparison 

of the potential over-the-counter statins 

simvastatin, lovastatin, fluvastatin and 

https://doi.org/10.1021/cr60274a001
https://doi.org/10.4314/ajtcam.v8i1.60483
https://doi.org/10.1021/acs.analchem.6b02386
https://doi.org/10.1021/acs.analchem.6b02386
https://doi.org/10.3389/fchem.2020.00612
https://doi.org/10.3390/metabo9110258
https://doi.org/10.3390/metabo9110258
https://doi.org/10.31788/rjc.2021.1436214
https://doi.org/10.31788/rjc.2021.1436214
https://doi.org/10.2174/157340911795677602
https://doi.org/10.2147/AABC.S70333
https://doi.org/10.1016/s0169-409x(00)00129-0
https://doi.org/10.1016/s0169-409x(00)00129-0
https://doi.org/10.1038/nrd1032
https://doi.org/10.1001/archinte.1959.00270080034004
https://doi.org/10.1001/archinte.1959.00270080034004
https://doi.org/10.1074/jbc.273.47.31103
https://doi.org/10.1074/jbc.273.47.31103
https://doi.org/10.1016/j.apsb.2016.06.003
https://doi.org/10.47352/jmans.v1i1.2
https://doi.org/10.1351/pac198658050701
https://doi.org/10.1351/pac198658050701
https://doi.org/10.1021/ja00034a086
https://doi.org/10.1021/ja00034a086


Bioactivities 

59 

pravastatin". Clinical 

Pharmacokinetics. 47 (7): 463-

74. 10.2165/00003088-200847070-00003. 

[89] J. I. Fonseca-Correa and R. Correa-Rotter. 

(2021). "Sodium-Glucose Cotransporter 2 

Inhibitors Mechanisms of Action: A 

Review". Frontiers in Medicine 

(Lausanne). 8 : 777861. 10.3389/

fmed.2021.777861. 

[90] N. Sulaiman, D. I. Givens, and S. Anitha. 

(2021). "A Narrative Review: In-vitro 

Methods for Assessing Bio-Accessibility/

Bioavailability of Iron in Plant-Based 

Foods". Frontiers in Sustainable Food 

Systems. 5. 10.3389/fsufs.2021.727533. 

[91] S. Sinha, P. Sarma, R. Sehgal, and B. Medhi. 

(2017). "Development in Assay Methods for 

in Vitro Antimalarial Drug Efficacy Testing: 

A Systematic Review". Frontiers in 

Pharmacology. 8 : 754. 10.3389/

fphar.2017.00754. 

[92] Y. S. Kurniawan, K. T. A. Priyangga, 

Jumina, H. D. Pranowo, E. N. Sholikhah, A. 

K. Zulkarnain, H. A. Fatimi, and J. Julianus. 

(2021). "An Update on the Anticancer 

Activity of Xanthone Derivatives: A 

Review". Pharmaceuticals 

(Basel). 14 (11).  10.3390/ph14111144. 

[93] I. Tsamesidis and E. P. Kalogianni. (2023). 

"The In Vitro, Ex Vivo, and In Vivo Effect of 

Edible Oils: A Review on Cell 

Interactions". Pharmaceutics. 15 (3).  10.339

0/pharmaceutics15030869. 

[94] K. Rehberger, C. Kropf, and H. Segner. 

(2018). "In vitro or not in vitro: a short 

journey through a long 

history". Environmental Sciences 

Europe. 30 (1): 23. 10.1186/s12302-018-

0151-3. 

[95] R. L. Schilsky, J. H. Doroshow, M. Leblanc, 

and B. A. Conley. (2012). "Development and 

use of integral assays in clinical 

trials". Clinical Cancer Research. 18 (6): 

1540-6. 10.1158/1078-0432.CCR-11-2202. 

[96] C. A. Umscheid, D. J. Margolis, and C. E. 

Grossman. (2011). "Key concepts of clinical 

trials: a narrative review". Postgraduate 

Medicine. 123 (5): 194-204. 10.3810/

pgm.2011.09.2475. 

[97] B. Chopra and A. K. Dhingra. (2021). 

"Natural products: A lead for drug discovery 

and development". Phytotherapy 

Research. 35 (9): 4660-4702. 10.1002/

ptr.7099. 

[98] F. I. Saldivar-Gonzalez, V. D. Aldas-Bulos, 

J. L. Medina-Franco, and F. Plisson. (2022). 

"Natural product drug discovery in the 

artificial intelligence era". Chemical 

Science. 13 (6): 1526-1546. 10.1039/

d1sc04471k. 

[99] D. A. Dias, S. Urban, and U. Roessner. 

(2012). "A historical overview of natural 

products in drug 

discovery". Metabolites. 2 (2): 303-

36. 10.3390/metabo2020303. 

[100] D. J. Newman. (2022). "Natural products and 

drug discovery". National Science 

Review. 9 (11): nwac206. 10.1093/nsr/

nwac206. 

[101] A. G. Atanasov, S. B. Zotchev, V. M. Dirsch, 

T. International Natural Product Sciences, 

and C. T. Supuran. (2021). "Natural products 

in drug discovery: advances and 

opportunities". Nature Reviews Drug 

Discovery. 20 (3): 200-216. 10.1038/s41573-

020-00114-z. 

[102] V. Kandi and S. Vadakedath. (2023). 

"Clinical Trials and Clinical Research: A 

Comprehensive Review". Cureus. 15 (2): 

e35077. 10.7759/cureus.35077. 

[103] A. L. Demain. (2006). "From natural 

products discovery to commercialization: a 

success story". Journal of Industrial 

Microbiology and Biotechnology. 33 (7): 486

-95. 10.1007/s10295-005-0076-x. 

[104] A. Bauer and M. Bronstrup. (2014). 

"Industrial natural product chemistry for drug 

discovery and development". Natural 

Product Reports. 31 (1): 35-60. 10.1039/

c3np70058e. 

[105] L. Uhlenbrock, R. Ditz, and J. Strube. (2019). 

"Process Engineering Accelerating an 

Economic Industrialization Towards a Bio-

Based World". Molecules. 24 (10).  10.3390/

molecules24101853. 

[106] C. Abdel Shaheed, G. E. Ferreira, A. 

Dmitritchenko, A. J. McLachlan, R. O. Day, 

B. Saragiotto, C. Lin, V. Langendyk, F. 

https://doi.org/10.2165/00003088-200847070-00003
https://doi.org/10.3389/fmed.2021.777861
https://doi.org/10.3389/fmed.2021.777861
https://doi.org/10.3389/fsufs.2021.727533
https://doi.org/10.3389/fphar.2017.00754
https://doi.org/10.3389/fphar.2017.00754
https://doi.org/10.3390/ph14111144
https://doi.org/10.3390/pharmaceutics15030869
https://doi.org/10.3390/pharmaceutics15030869
https://doi.org/10.1186/s12302-018-0151-3
https://doi.org/10.1186/s12302-018-0151-3
https://doi.org/10.1158/1078-0432.CCR-11-2202
https://doi.org/10.3810/pgm.2011.09.2475
https://doi.org/10.3810/pgm.2011.09.2475
https://doi.org/10.1002/ptr.7099
https://doi.org/10.1002/ptr.7099
https://doi.org/10.1039/d1sc04471k
https://doi.org/10.1039/d1sc04471k
https://doi.org/10.3390/metabo2020303
https://doi.org/10.1093/nsr/nwac206
https://doi.org/10.1093/nsr/nwac206
https://doi.org/10.1038/s41573-020-00114-z
https://doi.org/10.1038/s41573-020-00114-z
https://doi.org/10.7759/cureus.35077
https://doi.org/10.1007/s10295-005-0076-x
https://doi.org/10.1039/c3np70058e
https://doi.org/10.1039/c3np70058e
https://doi.org/10.3390/molecules24101853
https://doi.org/10.3390/molecules24101853


Bioactivities 

60 

Stanaway, J. Latimer, S. Kamper, H. 

McLachlan, H. Ahedi, and C. G. Maher. 

(2021). "The efficacy and safety of 

paracetamol for pain relief: an overview of 

systematic reviews". The Medical Journal of 

Australia. 214 (7): 324-331. 10.5694/

mja2.50992. 

https://doi.org/10.5694/mja2.50992
https://doi.org/10.5694/mja2.50992

	The Journey of Natural Products: From Isolation Stage to Drug’s Approval in Clinical Trials
	1. INTRODUCTION
	2. NATURAL PRODUCT ISOLATION,PURIFICATION, ANDCHARACTERIZATION
	3. IN SILICO EVALUATION
	4. BIOACTIVITY SCREENING ASSAY
	5. DRUGS MODIFICATION
	6. IN VITRO AND IN VIVOINVESTIGATIONS
	7. CLINICAL TRIALS AND DRUGAPPROVAL
	8. FUTURE PROSPECTS IN DRUG DESIGNBASED ON NATURAL PRODUCTS
	9. CONCLUSIONS
	AUTHOR INFORMATION
	Corresponding Author
	Authors
	Author Contributions
	Conflicts of Interest

	REFERENCES

