“

Review Article

International Research Journal of Biotechnology Vol. 14(3) pp. 1-4, June, 2023
Available online http://www.interesjournals.org/IRJOB
Copyright ©2023 International Research Journals

The Guidelines for Early Drug Discovery for Future
Application
Anthony Lenik*

Biotechnology Department, University of Louisville, Sweden

*Corresponding Author's E-mail: gabrielaliza@yahoo.com

Received: 25-May-2022, Manuscript No. irjob-23-100040; Editor assigned: 27-May-2022, PreQC No. irjob-23-100040
(PQ); Reviewed: 10-Jun-2022, QC No. irjob-23-100040; Revised: 15-Jun-2022, Manuscript No. irjob-23-100040 (R);

Published: 22-Jun-2023, DOI: 10.14303/2141-5153.2023.49

Abstract

From the initial idea to the launch of a finished product, developing a new drug is a complicated process that
can take 12 to 15 years and cost more than $1 billion. The commercial sector as well as academic and clinical
research can all provide inspiration for a target. Before selecting a target for a costly drug discovery program,
a body of supporting evidence may take a number of years to accumulate. Once a target has been chosen, the
pharmaceutical industry and, more recently, some academic centers have simplified a number of early methods
for finding molecules with the right properties for making drugs that work. This survey will take a gander at key
preclinical phases of the medication revelation process, from introductory objective distinguishing proof and
approval, through measure improvement, high throughput screening, hit ID, lead streamlining lastly the choice of

an up-and-comer particle for clinical turn of events.
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INTRODUCTION

A drug discovery program starts because there is a disease
or clinical condition for which there aren't enough medical
products. This unmet clinical need is the project's driving
force. The underlying examination, frequently happening
in scholarly community, produces information to foster
a speculation that the restraint or enactment of a protein
or pathway will bring about a remedial impact in an iliness
state. The result of this action is the choice of an objective
which might require further approval before movement
into the lead revelation progressively work to legitimize
a medication disclosure exertion. An intensive search
for a drug-like small molecule or biological therapeutic,
commonly referred to as a development candidate, that will
eventually progress into preclinical and, if successful, clinical
development and ultimately become a marketed medicine
is known as lead discovery (Okafor UC et al. 2016) (Okafor
UC et al. 2016).

Identifying the target

In the clinic, drugs fail for two main reasons: the first
is that they don't work and the second is that they are

undependable. Therefore, target identification and
validation is one of the most crucial steps in developing a
new medication. A target is a broad term that can be used
to describe a variety of biological entities, such as proteins,
genes, and RNA (Orji MU et al. 2022). A good target must be
effective, safe, meet clinical and commercial requirements,
and most importantly, "druggable." The putative drug
molecule can bind to a "druggable" target, which can
be either a small molecule or a larger biological, and this
binding causes a biological response that can be measured
both in vitro and in vivo. It is now known that antibodies
are good at blocking protein-protein interactions, whereas
small molecules are better at finding drugs for certain
target classes like G-protein-coupled receptors (Orji MU et
al. 2014). Great objective recognizable proof and approval
empowers expanded trust in the connection among target
and illness and permits us to investigate whether target
regulation will prompt component based secondary effects.

Information mining of accessible biomedical information
has prompted a critical expansion in target distinguishing
proof. In this context, the use of a bioinformatics approach
to identify, select, and prioritize potential disease targets
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are referred to as data mining (Gompil S 2004). Publications
and patent information, gene expression data, proteomics
data, transgenic phenotyping data, and compound profiling
data are among the available data. mRNA/protein levels can
also be examined to see if they are correlated with disease
exacerbation or progression and whether they are expressed
indisease (Abdurakhmonov Y etal. 2016). Looking for genetic
associations, such as whether a genetic polymorphism is
functional or if it increases the risk of disease or slows its
progression, is an additional powerful strategy. For instance,
patients with familial Alzheimer's disease typically have
mutations in the genes for the amyloid precursor protein
or presenilin, which cause the brain to produce and deposit
more of the AD-specific Abeta peptide (Pumplin N et al.
2016). There are likewise instances of aggregates in people
where changes can invalidate or over activate the receptor,
for instance, the voltage-gated sodium channel NaV1.7,
the two transformations cause an aggravation aggregate,
obtuseness or oversensitivity separately (Table 1).

Phenotypic screening is an alternative method for locating
disease-relevant targets. Kurosawa performed an elegant
experiment in which he isolated human monoclonal
antibodies that bind to the surface of tumor cells from a
phage-display antibody library. By immunostaining each
clone, only those that strongly and preferentially stained
the malignant cells were chosen. Immunoprecipitation was
used to isolate the antigens that those clones recognized,
and mass spectrometry was used to identify the antigens.
Of 2114 mAbs with one of kind groupings they distinguished
21 unmistakable antigens profoundly communicated on a
few carcinomas, some of which might be helpful focuses for
the comparing carcinoma treatment and a few mAbs which
might become remedial specialists (Koch A et al. 2014).
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Target approval

The target needs to be fully prosecuted after being
identified. The use of whole animal models, in vitro tools,
and modulation of a desired target in disease patients are all
examples of validation methods. A multi-validation approach
significantly increases confidence in the observed outcome,
despite the fact that each approach is valid on its own.

The desire to produce tissue-restricted and/or inducible
knockouts has increased recently. The need to overcome
the homozygous null animals' embryonic lethality is the
most obvious reason why these methods are technically
challenging. Other reasons include avoiding developmental
phenotypes and compensatory mechanisms as a result
of the persistent absence of a gene-encoded function.
However, using transgenic animals requires a lot of time
and money. Therefore, the utilization of small interfering
RNA for target validation has increased in popularity in
order to circumvent some of these issues. Introduced into
a cell or organism, the gene-specific double-stranded RNA is
recognized as exogenous genetic material and activates the
RNAi pathway (Smagghe G 2019). The ribonuclease protein
Dicer is initiated which ties and divides dsRNAs to deliver
twofold abandoned parts of 21-25 base sets with a couple of
unpaired shade bases on each end. The term "siRNA" refers
to these brief double-stranded fragments. After that, these
siRNAs are broken up into their individual strands and put
into an active RNA-induced silencing complex. In order to
prevent the mRNA from being used as a translation template,
siRNAs base-pair with their target mRNA and cause it to be
cleaved after integration into the RISC. However, delivery to
the target cell remains a major issue for RNAi technology;
however, numerous viral and non-viral delivery systems are
currently being investigated.

Table 1. A general overview and the actual drug discovery process can vary depending on the specific therapeutic area, target, and available

technologies.

Guideline
Target identification

Description

Identify the disease target or pathway that the drug will act upon. This can involve studying disease

mechanisms, genetic factors, and biomarkers.

Target validation

Confirm the role of the target in the disease through various experimental approaches, such as genetic

knockout models or target-specific inhibitors.

Hit identification

Hit validation
Lead optimization

Screen large compound libraries or use computational methods to identify initial hits that interact with the

target.

Confirm the activity and specificity of the hits using biochemical and cellular assays.
Modify the hits to improve their potency, selectivity, pharmacokinetic properties, and safety profile. This

involves iterative synthesis and testing of analogs.

Preclinical evaluation

Assess the efficacy and safety of the optimized lead compounds in relevant animal models. This step includes

determining the drug's pharmacokinetics, toxicology, and potential side effects.

Investigational New Drug
(IND) application
Clinical development

New Drug Application
(NDA)
Post-marketing
surveillance

Compile all the preclinical data and submit an IND application to regulatory authorities for approval to

conduct clinical trials.

Conduct Phase 1, Phase 2, and Phase 3 clinical trials to evaluate the drug's safety, efficacy, dosing, and side

effects in humans.

Prepare and submit an NDA to regulatory authorities with data from clinical trials to obtain approval for

marketing the drug.

Monitor the drug's safety and effectiveness in the general population after it becomes available on the
market. This step helps identify and manage any potential long-term side effects.
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Because they interact with a larger area of the surface of the
target molecule, monoclonal antibodies are an excellent tool
for target validation because they can distinguish between
even closely related targets with greater accuracy and often
with higher affinity. Interestingly, little particles are hindered
by the need to communicate with the frequently more
rationed dynamic site of an objective, while antibodies can
be chosen to tie to one of a kind epitopes. Their lack of non-
mechanistic toxicity, which is a significant advantage over
small-molecule drugs, is due to their exquisite specificity
(Dalakouras A et al. 2015). However, antibodies are unable
to cross cell membranes, limiting the target class primarily to
proteins secreted from cells and the cell surface. One great
illustration of the viability of a mAb in vivo is that of the
capability killing enemy of TrkA immunizer MNAC13, which
has been displayed to lessen both neuropathic torment and
fiery excessive touchiness, subsequently ensnaring NGF in
the commencement and support of constant torment. The
small bioactive molecule that interacts with and functionally
modifies effector proteins is the traditional target validation
tool.

All the more as of late, compound genomics, a fundamental
utilization of hardware particles to target distinguishing
proof and approval has arisen. The study of genomic
responses to chemical compounds is known as chemical
genomics. Multiple early-stage drug discovery technologies,
from target identification and validation to compound design
and chemical synthesis to biological testing, are used to
quickly identify novel drugs and drug targets (Bonsembiante
L et al. 2021). Compound genomics unites variety arranged
synthetic libraries and high-data content cell tests, alongside
the informatics and digging devices vital for putting away and
examining the information created. Chemical tools against
every protein encoded by the genome are the ultimate
goal of this strategy. Before making a complete investment
in the target and committing to a screening campaign, the
objective is to use these tools to assess cellular function.

In this phase, more in-depth profiling of physicochemical
and in vitro ADME properties must also be the focus, and
this series of studies is conducted concurrently with the
selection of key compounds for evaluation.

Evaluations of a compound's soluble and permeable
properties are crucial in determining whether or not it
has the potential to be a drug. To be a drug, a substance
often needs to be injected into a patient's bloodstream or
adsorbed in their digestive system. A molecule's deficiencies
in one or more parameters can sometimes be remedied. For
instance definition methodologies can be utilized to plan
a tablet with the end goal that it disintegrates in a specific
district of the stomach at a pH in which the compound is
more solvent. Even if a compound performs well in the
primary screening assay, it is very unlikely to become a drug
if it does not possess either of these properties. The ability
of in vivo metabolizing enzymes to modify and then remove
a compound can be measured using microsomal stability. In

ISSN: 2141-5153

this kind of study, hepatocytes are sometimes used instead
(Cannata F et al. 2020). These cells will give more detailed
results, but they aren't used often because they need to be
made fresh every time. An important predictor of whether
a new compound might affect the metabolism of an existing
drug with which it may be co-administered is CYP450
inhibition, among other reasons.

In the event that at least one of these properties is not
great, it very well may be important to screen a lot more
mixtures explicitly for those properties. This will result in
subtle differences between each program. A number of sub-
micromolar hit compounds, for instance, were found in a
recent endeavor to discover novel GPCR antagonists. It was
felt that some of these inadequacies were related with the
idea of the base normal to every one of the underlying designs.
Change of the fundamental build-up brought about various
mixtures which were all around as strong as the underlying hits
at the main receptor however which were more specific in their
activities. In the same way as many projects, as strength at the
chief objective superior selectivity issues in this series were
abandoned (Petersen KF et al. 2003).

Lead advancement stage

This final phase of drug discovery aims to improve lead
structure deficiencies while maintaining favourable lead
compound properties. Going on with model over, the
point of the program was presently to alter the design to
limit hERG obligation and to work on the ingestion of the
compound. Hence, more ordinary checks of hERG liking and
CACO2 pervasion were embraced and compounds were soon
accessible which kept up with their intensity and selectivity
at the chief objective however which had a much diminished
hERG fondness and a preferred clear saturation over starting
lead compounds. One of these compounds, which had an
8 nM affinity at the receptor of interest when tested for
its PK properties in rats, had an oral bioavailability of over
40% in rats and about 80% in dogs. Before being designated
as preclinical candidates, compounds at this stage may
be considered to have achieved the initial objectives of
the lead optimization phase and are prepared for final
characterization. The work on the discovery does not end
at this point. The group needs to keep on investigating
artificially to deliver likely back up atoms, in the event that
the compound going through additional preclinical or clinical
portrayal falls flat and, all the more decisively, to search for
follow-up series (Al-Rasheedi AAS 2014).

The stage at which the various components of further
characterization are completed varies from company to
company, and parts of this procedure may be incorporated
into the lead optimization phase. However, models of
nontoxicity like the Ames test and in vivo models of general
behavior like the Irwin's test both need to look at molecules
in general. High-portion pharmacology, PK/PD studies,
portion linearity and rehash dosing PK searching for drug-
instigated digestion and metabolic profiling all should be
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completed toward this stage's end. Thought additionally
should be given to compound strength issues and salt choice
for the putative medication substance.

At this point, all of the information about the molecule can
be gathered, which will make it possible to create a target
candidate profile. This profile, along with toxicological and
chemical manufacturing and control considerations, will
serve as the foundation for a regulatory submission so that
human administration can begin. From the generation of
hits to the selection of preclinical candidates, the process
frequently takes a long time and cannot be considered
routine. There are rarely any shortcuts, and scientists from
a wide range of fields and backgrounds must contribute
significantly and intellectually. The nature of the hit-to-lead
beginning stage and the skill of the accessible group are the
critical determinants of an effective result of this period of
work (Kahn SE et al. 2006). In scholarly community screens
are bound to be of an engaged sort because of the significant
expense of a broad HTS or compounds are gotten from a
design based approach. Only 10% of small molecule projects
in industry might progress past multiple failure stages to
candidate. Protein therapeutics have a much lower attrition
rate once the target has been identified due to less off-target
selectivity and prior experience with PK of some proteins,
such as antibodies.

Albeitmoderatelyless exorbitantthan many cyclescompleted
later on in the medication improvement and clinical stages,
preclinical movement is adequately high gamble and remote
from monetary re-visitation of frequently make subsidizing
it an issue. As companies adopt a "biotech" mind-set and
take responsibility for costs, there are some steps being
taken in this direction. Ensuring transparency of the cost of
each stage or assay within large pharma may help reduce
some of their costs.

CONCLUSION

The attrition rate of compounds entering the clinical phase
after a candidate has been chosen is also high. Again, only
one in ten candidates makes it to the market, but the
financial consequences of failure are much greater at this
stage. In the industry, there has been a lot of discussion
about how to increase success rates by "failing fast and
cheap." When a competitor arrives at the clinical stage,
it can turn out to be progressively hard to eliminate
the task, as at this stage the venture has become public
information and subsequently end can impact trust in the
organization and investor esteem. Improved toxicology
screenings, the creation of predictive translational models
based on a thorough understanding of the disease, and
the identification of biomarkers might be helpful in this
endeavor if additional studies are carried out prior to clinical
development. Academic-industry collaborations have the
potential to really add value preclinically and ultimately
assist in the delivery of more effective drugs to patients,
particularly in these last two areas.

ISSN: 2141-5153

ACKNOWLEDGEMENT

None

CONFLICT OF INTEREST

None

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Okafor UC, Orji MU, Agu KC, Awah NS, Okeke BC, et al (2016).
Bioremediation of Crude Qil-polluted Soil Using Broiler-Chicken
Droppings. AEM. 4: 75-84.

Okafor UC, Orji MU, Nwankwegu AS, Anaukwu CG, Onuorah
SC, et al (2016) Effect of Chicken droppings amendment on
bioremediation of crude oil polluted soil. Eur J Exp Bio. 6: 62-
68.

Orji MU, Agu KC, Ikele MO, Uwanta LI, Ugwuoke G (2022).
Bioremediation of Glyphosate Polluted Soil using Fungal
Species. JTSRD. 6: 726-732.

Orji MU, Ezenekwe FN, Odibo FIC, Agu KC, Mbachu AE (2014).
Utilization of Used Global System for Mobile Communication
(GSM) Recharge Cards for Cellulase Production by Penicillium
Species and Aspergillus Species. Am J Life Sci Res. 2: 548-556.

Gompil S (2004). The Textile Industry in Nigeria/Africa-What
Hope for Sustainability?

Abdurakhmonov 1Y, Ayubov MS, Ubaydullaeva KA, Buriev ZT,
Shermatov SE, et al (2016). RNA Interference for Functional
Genomics and Improvement of Cotton (Gossypium sp.). Plant
Sci. 7: 1-17.

Pumplin N, Sarazin A, Jullien PE, Bologna NG, Oberlin S, et
al (2016). DNA Methylation Influences the Expression of
DICER-LIKE4 Isoforms, Which Encode Proteins of Alternative
Localization and Function. Plant Cell. 28: 2786-2804.

Koch A, Kogel K (2014). New wind in the sails: improving the
agronomic value of crop plants through RNAi-mediated gene
silencing. Plant Biotechnol J. 12: 821-831.

Smagghe G (2019). Management of Pest Insects and Plant
Diseases by Non- Transformative RNAI. Plant Sci. 10: 319.

Dalakouras A, Dadami E, Wassenegger M (2015). Engineering
viroid resistance. Viruses. 7: 634-646.

Bonsembiante L, Targher G, Maffeis C (2021). Type 2 Diabetes
and Dietary Carbohydrate Intake of Adolescents and Young
Adults: What Is the Impact of Different Choices? Nutrients. 13: 3344.

Cannata F, Vadala G, Russo F, Papalia R, Napoli N, et al (2020).
Beneficial effects of physical activity in diabetic patients. J Funct
Morphol Kinesiol. 5: 70.

Petersen KF, Befroy D, Dufour S, Dziura J, Ariyan C, et al (2003).
Mitochondrial dysfunction in the elderly: possible role in insulin
resistance. Science. 300: 1140-1142.

Al-Rasheedi AAS (2014). The role of educational level in
glycemic control among patients with type Il diabetes mellitus.
Int J Health Sci (Qassim). 8: 177.

Kahn SE, Hull RL, Utzschneider KM (2006). Mechanisms linking
obesity to insulin resistance and type 2 diabetes. Nature. 444:
840-846.


https://www.researchgate.net/publication/305180612_Bioremediation_of_Crude_Oil-polluted_Soil_Using_Broiler-Chicken_Droppings
https://www.researchgate.net/publication/305180612_Bioremediation_of_Crude_Oil-polluted_Soil_Using_Broiler-Chicken_Droppings
https://d1wqtxts1xzle7.cloudfront.net/47006307/EJEB-2016-6-4-62-68-libre.pdf?1467653644=&response-content-disposition=inline%3B+filename%3DEffect_of_Chicken_droppings_amendment_on.pdf&Expires=1686308954&Signature=JqZxMw2HFVGecL~whjheGu9nOdnuM65Vce1mKf4uEQYkz719RFS6UK57E1kjcjQCMQVAdzywvp2GDzsnEeo3vjGCRgduQpMnQujx1wYUYJt3FEwXyXlBK8S85e~xP4b23SfOAx~4XVU00Fqqsb8QhjfgzmsigSkjmaWuXGAEMyK7R25hMU1FLvZhiorTvptwxK38ENZ368JOyt-CvfyTxTLxHf8zhXVBeJLxkPvcRbSQxFvBt5okYWj5MwdfQQH1R1utvyvFmVROuh9nclIbraF~dJbOcD0Esp-KGbN6e-R-GLoyDzVHHeuAJN6F0VmxxAblcPr7QlQuh0M34rV8Tg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/47006307/EJEB-2016-6-4-62-68-libre.pdf?1467653644=&response-content-disposition=inline%3B+filename%3DEffect_of_Chicken_droppings_amendment_on.pdf&Expires=1686308954&Signature=JqZxMw2HFVGecL~whjheGu9nOdnuM65Vce1mKf4uEQYkz719RFS6UK57E1kjcjQCMQVAdzywvp2GDzsnEeo3vjGCRgduQpMnQujx1wYUYJt3FEwXyXlBK8S85e~xP4b23SfOAx~4XVU00Fqqsb8QhjfgzmsigSkjmaWuXGAEMyK7R25hMU1FLvZhiorTvptwxK38ENZ368JOyt-CvfyTxTLxHf8zhXVBeJLxkPvcRbSQxFvBt5okYWj5MwdfQQH1R1utvyvFmVROuh9nclIbraF~dJbOcD0Esp-KGbN6e-R-GLoyDzVHHeuAJN6F0VmxxAblcPr7QlQuh0M34rV8Tg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
http://eprints.umsida.ac.id/10830/
http://eprints.umsida.ac.id/10830/
https://d1wqtxts1xzle7.cloudfront.net/47006349/AJLSR.4.2.548-556.2014-libre.pdf?1467653643=&response-content-disposition=inline%3B+filename%3DUtilization_of_Used_Global_System_for_Mo.pdf&Expires=1686309118&Signature=VWgEGKoYu~eRcc5BnQmssTGmAIX65zRSNkvrKLiyWcXM36VWIy2oauCEuBaE43-DuWaxHY6dYcwok63OtM8LGPoRTVhcaH4FOvYvVomnBcVRaKuDjvLpuzWLfSVEdEc2PNtJVwW4H6CMheiPtbaKMvFqw4qBwXxgtJKpBJb0Kqh9GgATsKsCpvd~LxbyyuxUni5R0xoIi3mmsq3J79xfNpwtL6kt1uPO-N3aICOaFrH10cr~tMP4s5vvSDG3yDui3pXD6y40vI95AA-eZh4cXwGnlci0wXT72IGb~aLU9fygaIHpmMXz5sQ3-~YR83880wNx~DpeoBBap-4Bhe3bdg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/47006349/AJLSR.4.2.548-556.2014-libre.pdf?1467653643=&response-content-disposition=inline%3B+filename%3DUtilization_of_Used_Global_System_for_Mo.pdf&Expires=1686309118&Signature=VWgEGKoYu~eRcc5BnQmssTGmAIX65zRSNkvrKLiyWcXM36VWIy2oauCEuBaE43-DuWaxHY6dYcwok63OtM8LGPoRTVhcaH4FOvYvVomnBcVRaKuDjvLpuzWLfSVEdEc2PNtJVwW4H6CMheiPtbaKMvFqw4qBwXxgtJKpBJb0Kqh9GgATsKsCpvd~LxbyyuxUni5R0xoIi3mmsq3J79xfNpwtL6kt1uPO-N3aICOaFrH10cr~tMP4s5vvSDG3yDui3pXD6y40vI95AA-eZh4cXwGnlci0wXT72IGb~aLU9fygaIHpmMXz5sQ3-~YR83880wNx~DpeoBBap-4Bhe3bdg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/47006349/AJLSR.4.2.548-556.2014-libre.pdf?1467653643=&response-content-disposition=inline%3B+filename%3DUtilization_of_Used_Global_System_for_Mo.pdf&Expires=1686309118&Signature=VWgEGKoYu~eRcc5BnQmssTGmAIX65zRSNkvrKLiyWcXM36VWIy2oauCEuBaE43-DuWaxHY6dYcwok63OtM8LGPoRTVhcaH4FOvYvVomnBcVRaKuDjvLpuzWLfSVEdEc2PNtJVwW4H6CMheiPtbaKMvFqw4qBwXxgtJKpBJb0Kqh9GgATsKsCpvd~LxbyyuxUni5R0xoIi3mmsq3J79xfNpwtL6kt1uPO-N3aICOaFrH10cr~tMP4s5vvSDG3yDui3pXD6y40vI95AA-eZh4cXwGnlci0wXT72IGb~aLU9fygaIHpmMXz5sQ3-~YR83880wNx~DpeoBBap-4Bhe3bdg__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://www.ajol.info/index.php/jafs/article/view/41619
https://www.ajol.info/index.php/jafs/article/view/41619
https://www.frontiersin.org/articles/10.3389/fpls.2016.00202/full
https://www.frontiersin.org/articles/10.3389/fpls.2016.00202/full
https://academic.oup.com/plcell/article/28/11/2786/6098250
https://academic.oup.com/plcell/article/28/11/2786/6098250
https://academic.oup.com/plcell/article/28/11/2786/6098250
https://onlinelibrary.wiley.com/doi/full/10.1111/pbi.12226
https://onlinelibrary.wiley.com/doi/full/10.1111/pbi.12226
https://onlinelibrary.wiley.com/doi/full/10.1111/pbi.12226
https://www.frontiersin.org/articles/10.3389/fpls.2019.01319/full
https://www.frontiersin.org/articles/10.3389/fpls.2019.01319/full
https://www.mdpi.com/1999-4915/7/2/634
https://www.mdpi.com/1999-4915/7/2/634
https://www.mdpi.com/2072-6643/13/10/3344
https://www.mdpi.com/2072-6643/13/10/3344
https://www.mdpi.com/2072-6643/13/10/3344
https://www.mdpi.com/2411-5142/5/3/70
https://www.science.org/doi/10.1126/science.1082889
https://www.science.org/doi/10.1126/science.1082889
https://platform.almanhal.com/Reader/Article/52659
https://platform.almanhal.com/Reader/Article/52659
https://www.nature.com/articles/nature05482
https://www.nature.com/articles/nature05482

