STIKES NOTOKUSUMO
YOGYAKARTA

PENGEMBANGAN
PRODUK

TAHUN AJARAN 2024/2025

A _




SISTEM PERKULIAHAN

TIM PENGAMPU

apt. Trifonia Rosa Kurniasih, M.Biotech (KOORDINATOR)
apt. Indrawati Kurnia Setyani., M.Pharm.Sci

JUMLAH PERTEMUAN JADWAL PERTEMUAN
14 PERTEMUAN TEORI Rabu, 10.00 - 11.40 WIB
UJIAN TENGAH SEMESTER
UJIAN AKHIR SEMESTER



KONTRAK PERKULIAHAN

Kehadiran

Jumlah pertemuan

Sistem pembelajaran

Pembagian materi
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e HADIR TEPAT WAKTU, SESUAI JADWAL
e TOLERANSI KETERLAMBATAN 15 MENIT

e JUMLAH KEHADIRAN MINIMAL 75%
e BERHAK REMIDIAL (JIKA DIBUKA)

e JIKA KURANG, MAKA NILAI AKHIR TIDAK AKAN DIKELUARKAN DAN
NILAI DEFAULT E (TIDAK LULUS)

e TIDAK HADIR :
e SAKIT (DENGAN SURAT KETERANGAN DOKTER)
* |ZIN : TUGAS KAMPUS
o KEDUKAAN

e SELAMA KULIAH, MEDIA PEMBELAJARAN YANG DIGUNAKAN AKAN
MENYESUAIKAN

S S —— — — — >

e / TOPIK KULIAH : IBU ROSA
e / TOPIK KULIAH : IBU INDRAWATI




BOBOT
NILAI

20% ’e‘ 20% ’

UJIAN TENGAH UJIAN AKHIR TUGAS / SIKAP
SEMESTER SEMESTER DISKUSI
RENCANA EVALUASI
KOMPONEN BOBOT (%) DESKRIPSI
EVALUASI EVALUASI
Aktivitas Kehadiran 10 Kehadiran mahasiswa selama mengikuti perkuliahan (16
Partisipatif pertemuan) melalui SIAKAD
Observasi 10 Aktivitas partisipatif mahasiswa dalam diskusi di kelas dengan
aktivitas menjawab dan mengajukan pertanyaan
mahasiswa
RN ) ¢ Case-Based 40 a.Penyelesaian kasus
Learning b.Pemaparan dan diskusi
c.Pembuatan rancangan kemasan dan leaflet produk
a. UTS 20 Ujian tengah semester dilaksanakan secara bersama sesuai jadwal
Pengetahuan EWYLN 20 Ujian akhir semester dilaksanakan secara bersama sesuai jadwal

______Jumlah Nilai BRI



MATERI KULIAH

MATERI UTS '

1.Arti pengembangan produk obat
2.Pengembangan Obat
3.Preformulasi obat

4.Uji praklinis obat

5.Pengujian stabilitas obat dan
kegunaannya

6.Studi kasus pengembangan obat
7.Studi kasus pengembangan obat

MATERI UAS

1.CPOB
2.0ptimalisasi formulasi obat baru
3.Validasi analisis kuantitatif obat baru

4.Uji klinis untuk obat baru dan
tahapannya

5.Teknologi pengemasan produk obat

6.Penetapan harga produk dan analisis
keuangan

7.Registrasi/pendaftaran obat
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Telephone Evolution
The Evolution of 5G
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The first pill was
developed by
the ancient
Egyptians.

100-200 AD

The Romans
developed a
form of tar pill.

America starts
contributing to
medical advances
as nation grows.

1853

The first needle was
used to deliver
medication.

1940'S

Delayed release pills
were developed,
optimizing delivery.

SmartTab is pioneering
wireless drug delivery
technology.
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Product Development
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Pengertian

Menurut Kotler dan Amstrong (2008)

Menurut Tjiptono (2008) Pengembangan produk adalah strategi untuk
pertumbuhan perusahaan dengan menawarkan
produk memodifikasi atau produk baru ke
segmen pasar yang ada sekarang pengembangan
konsep produk menjadi produk fisik dalam upaya
memastikan bahwa ide produk bisa diubah

menjadi produk yang bisa diwujudkan secara
efektif.

Menurut Alma (2002)

Pengembangan produk adalah semua kegiatan
yang dilakukan oleh pabrikan atau produsen
dalam menentukan dan mengembangkan
produknya, memperbaiki produk lama,
memperbanyak kegunaan dari produk yang
sudah ada dan mengurangi biaya produksi dan
biaya pengemas.

Pengembangan produk adalah strategi untuk
produk baru meliputi produk orisinil, produk
yang disempurnakan, produk yang dimodifikasi,
dan merek baru yang dikembangkan melalui
usaha riset dan pengembangan.

Menurut Simamora (2000)

Pengembangan produk adalah proses pencarian
gagasan untuk barang dan jasa baru dan
mengkonversikannya ke dalam tambahan lini
produk yang berhasil secara komersial. Pencarian
produk baru didasarkan pada asumsi bahwa para
pelanggan menginginkan unsur-unsur baru dan
pengenaan produk baru akan membantu
mencapai tujuan perusahaan.

Menurut Ullman, 2009; Ulrich &Eppinger, 2004

Pengembangan produk adalah penciptaan produk dengan
karakteristik baru atau berbeda yang menawarkan
manfaat baru atau tambahan bagi pelanggan.
Pengembangan produk mungkin melibatkan modifikasi
produk yang sudah ada atau presentasi atau formulasi
produk yang sama sekali baru yang memenuhi keinginan
pelanggan atau kekosongan pasar yang baru ditentukan.




PRODUCT LIFE CYCLE

Introduction stage: maintenance cost is high
at this stage, and profit is limited. Product
needs to be sold immediately to earn profit

| 1 : Growth: maintenance cost is lower than the
introduction stage, and sales are increased.
Competitors are appearing in the market, too.

] Maturity: this stage brings the most profit to
| | ] the business, sales increase and maintenance
1; { ] cost gets much lower

| | | J] Decline and withdrawal: at this stage, products
I" | l of competitors are preferred; therefore, profit

decreases significantly

SALES

INTRODUCTION | GROWTH MATURITY DECLINE

TIME




Basic research
Clinical observations

Molecular mechanisms

involved in the disease

state, identification of
putative targets...

Stages 2and 3 Stage 4 Stage 5
Drug discovery & Preclinical studies Clinical trials Review & Approval Phase IV

~12-15 years

* Small molecules

’/ mADs :
' peptides/proteins
——

2@

cell/gene therapy

Identification of the therapeutic Evaluations in humans Reviewing, approval &
agents modulating the selected PK, dose, efficacy, toxicity... post-market monitoring
target(s), ADMET, efficacy,...
first evaluations silico-vitro-vivo




Overview of Decision Points and
Development Steps in Medicines R&D

3 - 6 years & - 7 years 2 -5 years
Strategic Start Lead Start Ledd Start Start Start : Start Start MAA MA Jnch Variation Termination
Framework Identification Optimisation Non-Clinical Phase | Phase Il a Phase l1 b Phase 111 Submission Granted Change of Market
Development 1 in Human POC Study Supply

Confirmation of Proof
of Concept (POC)

8.000 Candidates 250 Candidates 5 Medicines 1 Medicine Re =

Research & Non-clinical Clinical Development Post-approval Life-cycle
Discovery Development Phase 1, Il & 111 management & Pharmacovigilance

,1‘ Patient Involvement O Cecision Paint
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| Target identification

(1) (2) (3) (4)
Knowledge Disease-specific Topology- Candidate targets
bases biomolecular network(s) based pathway analysis
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target verification (CRISPR. siRNA)
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-— Disease pathway
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Drug Discovery Today

Network-based technologies for early drug discovery




Magnetic
Nanoparticles

Liposomes

Gold
Nanoparticles

Micelles

Dendrimers

Nanocapsules

Solid Lipid
Nanoparticles

Nanoshells

Drug discovery
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Suppositories

Poor absorption from target site
Poor Bioavailability

High First-pass Metabolism
Fluctuations in Plasma drug level
Premature excretion from the body
Repeated dosing

High dose dumping
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Traditional medicine Database
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Compound

Natural product source

Treatment of «— : . Pharmacophore model Superimposed crystal structures
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GAP & GAHP

Bioavailability &
Extraction
-/ Method

GMP, GDP, Pharmacovigillance Practice

-
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pengemasan distribusi pasien




Nz

Jamu
> 8000

Kriteria : \
Aman

Memenuhi persyaratan mutu
Khasiat dibuktikan secara

empiris Y,

‘Obat Herbal
Terstandar
(45)

Kriteria :
Aman
Memenuhi persyaratan mutu
Khasiat dibuktikan secara
iiImiah atau praklinik

Bahan baku yang digunakan
terstandar

Kriteria :
Aman
Memenuhi persyaratan mutu
Khasiat dibuktikan secara klinis

Bahan baku yang digunakan
terstandar



MARKETING BRIEF QUALITY AND COMPLIANCE PACKAGING ARTWORK

Marketing teams define the Product safety is tested - Marketing and creative agency
product claims based on (stability, microbiological testing,  will now design packaging's
trends and customers' needs. etc.) and regulatory affairs team artwork to catch consumers'
gathers required dossiers and eyes and provide all the needed
documents (PIF, SDS, etc.) information.

FORMULATION SOURCING PRODUCT VALIDATION NEW PRODUCT

R&D teams create the product it's time to look for raw
formulation based on materials and packaging Product prototype final Now that the product is
requirements, regulations, costs suppliers following approval; formula, packaging, conform to customers'
and chemicals properties. requirements and costs. design and compliance are needs and safe to be used,
checked before launch, it's ready to be launched!

PENGEMBANGAN KOSMETIK




Table 1. Main effects of cosmetic vehicles on the skin.

Effect Definition

Protective  Protects the skin from external harmful factors (dry air, pollution, UV light)

Skincare | o | | | |
products | | Cleansing  Eliminates dirt and microorganisms from the skin

Hydrating  Provides water in order to restore or maintain fluid balance
Moisturizing  Establishes an effective barrier that prevents water loss through the epidermis

Soothing Provides a gently calming effect

Firming Makes the skin more toned and smoother I

PENGEMBANGAN KOSMETIK




Advantages of
nanocosmeceuticals

<* Charge
“* Functional Groups
< Coating

ORGANIC NANOPARTICLES

Nano
particles

Administration

( Sphere
% Cube
“* Rod
:2° Star o)
o Advantages Disadvantages

Control & targeted delivery Nanoparticle toxicity may lead to inflammation,

Lipid- and surfactant-derived

Nor-vesicular

oxidative stress, & consequent damage to membranes &

Vesicular nanoparticles nanoparticles nanoparticles proteins
Liposome Ethosome  Transfercsome Niosome Solid Lipid bt Sl Nanoemulsion
‘ nestc. . , . Z 2 S : 3
P B Hpich Cacner (O/W) T Texture & transparency of the cosmetic fbrmulation Require sophisticated equipment Hr manuficturing
R e P e S ENNEAT I e a
= \\{ 3 £ “/" ““'\.\ \ {’O ‘\_1 {! e S R \‘1
4 ‘L o: 5 3 % § 3 . * . "y -
. \;_.é % \j:‘ .,/'/f N> // R £ ) T Dermal penetration & bioavailability 1 Costof production
s L o~ 3 .

Polymeric nanoparticles

Nanosphere Nanocapsule @— Phospholipid @  Cholesterol
= Non-ionic surfactant @y Ethanof
@ —— FEdge activator Qil
@— Surfactant — Solid Lipid
—_— Polymer Water

INORGANIC NANOPARTICLES

T Appearance, covering power, aesthetic appeal & T Environmental concern

Nanocrystals adherence over the skin

1 Stability & efficacy to the cosmetic ormulation Teratogenic in nature, due to easy placenta penetration

Better drug holding capacity May damage DNA & lead to malignancy

Carbon based

nanoparticies
Gola NP Silver NP TIO/ZNO NP Fullerene Nanaoadiamond
‘ . k \ , ‘ /"r =
Silica NP Copper NP Aluminum oxide NP




Nanoparticles

: 10 A

Polymer micelle Dendrimer

Nanosphere

Polymeric

i \}'
y

Gold Silver
nanoparticle nanoparticle

Quantum dot

Iron oxide
nanoparticle

Liposome Lipid nanoparticle

Inorganic

Lipid-based

_l

Patient response

T Good response
No response

Toxic effect

L

@ Personalized Medicine

|

Therapeutic Approach




Tujuan Pengembangan
Produk Baru

1.Untuk memberikan nilai
maksimal bagi konsumen

2.Memenangkan persaingan
perusahaan dengan memilih
produk yang inovatif, produk
vang dimodifikasi serta
mempunyai nilai yang tinggi
baik dalam desain warna,
ukuran, kemasan, merek, dan
ciri-ciri lain.

\d

) 4

Idea Generation

Pool of ideas is created

Introduction
The product is
introduced in the

o AN

Idea Screening
Most feasable ideas se
lected from the pool of

=4
|

S o New
AN AN

Commercialisation P’Od uc* Concepgopmem
Development

Final briefing and A concept is developed
strategy formulation is and tested

Test Marketing
Prototype introduced
for research and feed
back

{ | Business Strategy Development

1“. marketing and other
business strategies are

developed

Product Development

Product prototype is
created




REFERENSI

1. Liu, Q., Zou, J., Chen, Z., He, W., & Wu, W. (2023). Current research trends of nanomedicines. Acta
Pharmaceutica Sinica B, 13(11), 4391-4416. https://doi.org/10.1016/J.APSB.2023.05.018

2. Fotis, C., Antoranz, A., Hatziavramidis, D., Sakellaropoulos, T., & Alexopoulos, L. G. (2018). Network-
based technologies for early drug discovery. Drug Discovery Today, 23(3), 626—635.
https://doi.org/10.1016/J.DRUDIS.2017.12.001

3. Vargason, A. M., Anselmo, A. C., & Mitragotri, S. (2021). The evolution of commercial drug delivery
technologies. Nature Biomedical Engineering 2021 5:9, 5(9), 951-967.
https://doi.org/10.1038/s41551-021-00698-w

4. Gupta, V., Mohapatra, S., Mishra, H., Farooq, U., Kumar, K., Ansari, M. J., Aldawsari, M. F.,, Alalaiwe, A.
S., Mirza, M. A., & Igbal, Z. (2022). Nanotechnology in Cosmetics and Cosmeceuticals—A Review of
Latest Advancements. Gels 2022, Vol. 8, Page 173, 8(3), 173. https://doi.org/10.3390/GELS8030173

5. Salvioni, L., Morelli, L., Ochoa, E., Labra, M., Fiandra, L., Palugan, L., Prosperi, D., & Colombo, M.
(2021). The emerging role of nanotechnology in skincare. Advances in Colloid and Interface Science,
293, 102437. https://doi.org/10.1016/J.CIS.2021.102437



https://doi.org/10.1016/J.APSB.2023.05.018
https://doi.org/10.1016/J.DRUDIS.2017.12.001
https://doi.org/10.1038/s41551-021-00698-w
https://doi.org/10.3390/GELS8030173
https://doi.org/10.1016/J.CIS.2021.102437

;-
il §

THANK YOU

B
L‘-f-l el ol



# >\ STIKES NOTOKUSUMO
N’ YOGYAKARTA

Pertemuan 2

PENGEMBANGAN PRODUK

apt. Trifonia Rosa K., M.Biotech



Topik pembahasan

Tahapan pengembangan
produk

Strategi pemasaran produk




Growing customer

Ready product base

Brand building

Pricing and
distribution

GROWTH

Gaining profit

Growing demand
for product

First competitors

© O O

DEVELOPMENT INTRODUCTION

MATURITY

Sales peak

Growth
stabilizes

Market
saturtation

Need to
iInnovate new

Expand to new

markets or expand
product capabilities

DECLINE |

Decline
in sales

Reinvent
or ramp down




PENGEMBANGAN PRODUK

N
Kriteria Produk Baru

e [novasi besar : produk baru dengan pasar baru

e Peningkatan produk : produk baru dengan
pasar yang sama

e Penambahan produk : produk imitasi yang
menggunakan pasar yang dibuat oleh produsen
produk asli.

e Produk yang diposisikan ulang : Produk yang
diposisikan ulang dipromosikan dengan cara
baru untuk menarik berbagai jenis pelanggan.




-~

Compound
Collections

Drug Discovery Cycle

Primary Assays
high through-put,
in vitro

Secondary Assays
counter screen, bioavailability
toxicity, metabolism, etc.

-~

Chemical Indirect

'

Lead Compounds

Synthesis

Design Y

and SAR

Direct

Structural
Characterisation of
Protein-Ligand Complex

Y

-

Clinical
Candidate




Cycle time
% Cost per NME
Probability of success

Target
validation

~ 1.5 year
~3%

Compound

screening

~ 1.5 year
~6%

candidates

Lead Pre-clinical Approval
Phase | Phase I1 -
optimization ~ test ns e Lo to launch
~1.5year ~1year ~1.5year ~2.5 year ~2.5 year ~1.5 year
1%  ~1%  ~15% ~21% ~26% ~5%
~60.4% ~48.6% ~59%

candidates

Phase 11 & Phase 111

Dose, Efﬁcacy,, Toxicity

Phase | PK. Dose escalation, Toxicity

Pre-clinical test SAR, Drug-like properties, Solubility

- Permeability, ADME, Plasma PK

Lead optimization Efficacy, Toxicity
Compound screening Visual screening, HTS

Target validation Disease models, Target identification, Target validation

Analyses of clinical trial data from
2010 to 2017 show four possible

reasons attributed to the 90%
clinical failures of drug
development:

e Lack of clinical efficacy (40% -
50%),

e Unmanageable toxicity (30%),

e Poor drug-like properties(10%-
15%),

e Lack of commercial needs and
poor strategic planning (10%)




Structure-Tissue Exposure/Selectivity-Activity Relationship (STAR)
Selects Drug Candidates and Balances Clinical Dose/Efficacy/Toxicity

; | | HIGH DOSE ") LOWDOSE
' . & REQUIRED ¥ REQUIRED
High

;27 Class 11 Class |
o Efficacy — Adequate Efficacy — Superior
R T o RS s . = -
-5, Noxicity — High Toxicity — Low
=
=
=
_—
e
h=3 , ’
S Class IV Class III
2_ Efficacy — Low Efficacy — Adequate
V2 Toxicity — High Toxicity — Manageable

[.ow

Tissue Exposure / Selectivity (STR) High




What are the successful strategies to improve
each aspect of drug development process in
the past decades?

—[ Select best lead drug candidate to achieve adequate clinical efficacy }
Select best lead drug candidate to minimize clinical toxicity

—[ Select best lead drug candidate with optimal drug-like properties }

e Drug-like properties, such as solubility, permeability, metabolic stability and transporter
effects are of critical importance for the success of drug candidates. They affect oral
bioavailability, metabolism, clearance, toxicity, as well as in vitro pharmacology.

Optimize strategic planning in drug development } ﬁ




PHARMACEUTICAL
DEVELOPMENT

Quality-by-Design (QbD)

Pharmaceutical QbD is a systematic approach to
development that begins with predefined objectives
and emphasizes product and process understanding
and control based on sound science and quality risk
NEREEEUEN

The goals of pharmaceutical QbD may include the
following:

e To achieve meaningful product quality specifications that are
based on clinical performance

e To increase process capability and reduce product variability and
defects by enhancing product and process design, understanding,
and control

e To increase product development and manufacturing efficiencies

e To enhance root cause analysis and postapproval change
management

Quality Target
Product Profile

Product
Understanding

Critical Quality
Aftribute
Assessment

1D Process

Performance
Indicators

Pre.
Characterization

Process Assessment

Understanding
Process

Characterization

Process
Criticality
Assessment

Process Control

Strat
Control .

S Analytical

Control Strategy

/

~
QPP Define desired quality characteristics of
the product
I )
[ N
COAs and Perform nsk assessment to link quality
Ranges attributes to clinical safety and efficacy.

PPis and Ranges

Characterization
Plan

Characterization
Data

" CPPS/CRMs/
CMAs and
Ranges

\
(- Process |
Capability Risk

Patient Risk
Mitigation

(

\ J

Study the impact of deliberate
variations in process parameters and
raw matenials (inputs) on proposed
CQAs and determine process
parameter and raw matenial criticality.

N

/

( A
Derived based on understanding and
control of sources of vanability to
ensure product quality and

Consistency.




Omic data models
Genomics

Transcriptormcs

Proteomics

Epigenomics
Metabolomics

Signaling pathways
Molecular interactions
Proten-protein Interaction

©

Text Data
Grants
o Q)
Publications
Clinical trials Qo
Financial reports -

Development status
Clinical irial phase
Ligand/compound ava#ability

Druggability
Druggable classes
Protein localization
Therapeutic modality

Toxicity

Gene sssentialty
Tssue specificty

Cellular procass involved

Novelty

Avaidability of proten structure

Target selection criteria

Disease causality ¢ — /&

Dol

&




Lead Generation &

Phase Target Discovery Target Validation Refinement Preclinical Development
Goal Find All Targets Eliminate Wrong Targets Generate Molecules Eliminate Advance
Molecules Molecules
( (_%7: aJln @
(g ]) h
J"_/ H:"_"a
L W
Target : : .
Compound screening secondary assays In vivo analysis

validation

Va
» » Candidate

2
Enzyme/Receptor
eGenetic, cellular eHTS & selective oin vitro & ex vivo «Compound e Preclinical
and in vivo library screens; secondary assays pharmacology safety & toxicity
experimental structure based design (mechanistic) eDisease efficacy package
models to identify eReiterative directed eSelectivity & liability models
and validate target compound synthesis to assays eEarly safety &
improve compound toxicity studies

properties

High throughput screening (HTS)
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HTS for Drug

Discovery
b 2
~ ~
VHTS HTS
~ N N D
SBDD LBDD In vitro assays In vivo assays
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Dockingand  De-Novo drug QSAR Pharmacophore  Cell-based Biochemical orsinless
Scoring design modelling assays assays e
—t Gl Enzyme Receptor Steroid
Rigid docking 2D-QSAR 3D-QSAR liferation inhibition modulation  biosynthesis
| " o iy assays assays assays
'“:;‘c‘k',:;“ COMFA RO Polymerases | lon channels
Protein | Kinase
CoMSIA literactions Proteases receptors
Trali's‘cr-iﬁﬁon | Nuclear
readouts Kinases receptors
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Lactamases GPCR
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Gyrases
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Tissue-diffusion chamber
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—

membrane
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e

P £

L~




PHARMACEUTICAL
DEVELOPMENT

A Guide to In Silico Drug Design

Computer-aided drug design (CADD)

Z. Structure-basaed

3. Ligand-based
drug design

4. De novo & fragment-
based drug design

5. Hisrarchical virtual
screening

& MM-GBSA

F. Molecular Dynamics

2Z2.7.7 Homology

modelling
2.7 Structure 2.1.2 Ab fnitico
prediction structure prediction
2.7 .3 Protein model

validation

2.2.17 Binding Site
detection

2.2.2 Ligand NMexibility

2.2 Docking-based
wirtual scresnming

2. 2.3 Protein Flexibility

3.7 Similarity search

2.2 4 Scoring
functions

3.2 OsAR

=.3.7 Pharmacophore
walidation

3.3 Pharmacophore

2.3.2 Pharmacophore

3.4 Scaffold hopping

DFT: density functional theory;

MM: molecular mechanical,

MM-GBSA: molecular mechanics with generalised Born and surface area,;
QM: quantum mechanical;

QSAR: quantitative structure activity relationship



guantitative structure—activity relationship

LABORATORY
R Ph hore fi inting | thod
: * Pharmacophore fingerprinting is a metho
DATA COLLECTION QSAR _ cop 8 ”p 8
(PHARMACOLOGICAL ACTIVITY to identify a common “pharmacophore
ANogggg:ac;grcgufgwAL = feature” among a set of active drug or lead

i

molecules that may be used in SBDD
and/or LBDD.

* The pharmacophore feature is an essential

Organic synthesis

?;ﬁ?ﬁﬂtfjggg;“mo chemical portion of lead/drug molecules
’l G o) which is required for biological functions
e . 4°* hop (Topology/Shape-based) and may include hydrogen bond
Q_‘;-/ donors/acceptors, aromatic rings,
5 e y Paaudoreceptor hydrophilic/hydrophobic attachments, or
g e any possible combinations.

* These features are enumerated in terms of
x three-point and four-point sets of varied
m'l‘mﬂm PRty pharmacophores to measure the distance
powimade: in terms of bonds.
 Pharmacophore fingerprints thus
generated are utilized for developing novel
lead molecules in combination with SBDD

In vitro Assay Chemical library



LIGAND-BASED DRUG DESIGN

1. Hydrogen bond donors

ot  _

1. Electropositive/negative

2. Hydrogen bond acceptors @

r/\
\
i

Ciprofloxacin

Jh / 3. Sp* hybridized

3. Size (large)

4. Lipophilic |
w @

Ligand-based virtual screening can be performed using the Atomic Property Field (APF) method developed by MolSoft

A ligand is a molecule that binds to a
receptor.

LBDD - Explores the chemical and
structural features of known ligands
(molecules that bind to a target) to
understand the interactions that lead
to biological activity.




STRUCTURE-BASED DRUG DESIGN

Structure-based VirtuafScreening

Uses the 3D structure of the target protein (e.g.,

enzyme, receptor) to design new ligands that bind ‘°L'i';‘:g:’v“" %@}

specifically and effectively. e S s 4]
\ - 49":‘{,:" Receptor X&:"'ﬁ_ ,.,'o‘:’: — T
poy ‘ Drug like & Lead like ﬁ.gt"* e o
. . 2 ADME .

Among the relevant computational techniques, Toxicity L

structure-based virtual screening (SBVS), molecular M;';c:*aflbgcm ¥ Molecular Docking

. . . . muiations

docking, and molecular dynamics (MD) simulations &Mng&mm,,,.@?

are the most common methods used in SBDD. —. < Y |
g < SIS
- These methods have numerous applications in the [ ™ MD simulations

Compound Selection “wewwnas

analysis of binding energetics, ligand—protein In vitro/vivo assays

interactions, and evaluation of the conformational
changes occurring during the docking process

P N
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Human Genome Sequendcing
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Protein extraction and punfication

STRUCTURE-BASED DRUG

DESIGN

p ¢ ray c:l'smﬂoi;?.g;ﬁ:if
i G e ] Dt -
| oA | ‘ N
| \ & ' _//. S
l 2 G s A L R T —
| Crystal Diffraction pattern Electron density! j_ & =G In conjunction with the storage of (and organizing) such data, there
A i e == \ D N has been much hype about the development of sophisticated and
L ONMR ; ] --fi—‘l?\“f:"-‘:ﬁ robust computational techniques.
IExperiment § i | 3 {i!’;lk F » : \
- i . St g IR et
———————————— ; i_Homology modeling |

Completion of the Human Genome Project and advances in

bioinformatics increased the pace of drug development because of
the availability of a huge number of target proteins.

N\

o The availability of 3D structures of therapeutically important proteins
Databases of active Target & binding site . i . . . A . .
" cotpounds “Mdentification favors identification of binding cavities and has laid the foundation

for structure-based drug design (SBDD).

SBDD is a more specific, efficient, and rapid process for lead
discovery and optimization because it deals with the 3D structure of

W\}. a target protein and knowledge about the disease at the molecular

level.

Synthesis of wp hits Experimental evaluation Lead compound
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Ranking and Scoring

Post-analysis
(e.g. ADME, MM-GBSA,
MD)
Hit identification
Biological evaluation : Lead optimisation '
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STRUCTURE-BASED
DRUG DESIGN

The interaction diagram of drugs identified by SBDD

methods, with their respective therapeutic targets.

e (a) An interaction of raltitrexed with thymidylate synthase
(Protein Data Bank (PDB) ID: 5X5Q).

e (b) An interaction of amprenavir with HIV protease (PDB ID:

3EKV).

* (c) Isoniazid, a drug for tuberculosis, identified by the SBVS
method (PDB ID: 1ENY).

e (d) Pim-1 kinase inhibitor, benzofuropyrimidine, for the
treatment of various types of cancers (PDB ID: 4ALU).

e (e) Epalrestat is an aldose reductase inhibitor (PDB ID: 4JIR).
e (f) Flurbiprofen is a cyclooxygenase 2 inhibitor (PDB ID: 3PGH).



PHARMACEUTICAL
DEVELOPMENT

Molecular
Dynamics

Structure-based
drug design

Ligand-based
drug design

Computer-aided
Drug Design

Protein Structure | ..*
Prediction

ADME Prediction

Table 1. The success cases of drug discovery by SBDD methods.

Drug Drug Target Target Disease Technique

Raltitrexed Thymidylate synthase  Human immunodeficiency virus (HIV) SB0D
Amprenavir Antirefroviral protease HIV Protein modeling and molecular dynamics (MD)

[soniazid InhA Tuberculosis Structure-based virtual screening (SBVS) and pharmacophare modeling

Pim-1 Kinase Inhibitors ~~~ Pim-1 Kinase Cancer Heerarchical mulfistage virtual screening (VS)

Fpalrestat Aldose Reductase Diabetic neuropathy MD and SBVS
Flurbiprofen Cyclooxygenase-2  Rheumatoid arthritis, Osteoarthritis Molecular docking

STX0119 STAT3 1 Lymphoma SBVS

Norfloxacin Topoisomerase [l [V Unnary tract infection 5BVS
Dorzolamide Garbonic anhydrase  Glaucoma, cystoid macular edema Fragment-based screening

" Signal transducers and transcription acfivators (STATS). 2 Cumently being sold in Japan under the brand name Kinedak®. I



Photoaffinity LD Chemistry AGC Chemistry Pharmacophore screening  Reverse docking

P@o Probeo %
0, 0~ - L Pharmacophore |
TUJUAN DAN TARGET ~“% ¢ i #1850 sbnis
< LDT reagent Ligands  mapping Brtala '
database —* Docking
Affinity-based
Several types of biomolecules can serve | Stablésiaotope labieling by Deep learning
s therapeutic ta rgets, including RN_@ CRISPR/Cas9 amino acids in cell culture . : \
: L e L 3 e e
enzymes, cellular receptors, ion % af L[ ey g e s ioms 5 B - 1
i . ~ . = eates 3 MS g
channels, DNA, and transcription factors \ / e | m |
| Chemical-genetic Comparative profiling Structure-based Al Machine learning
Due to this vast diversity of proteins and \ | / \ /l
| -
other chemicals present in a cell, (CExperimental ) EEpEo

identifying a specific biological target for
a given drug can be extremely difficult.

The machine-based and biological
experimental-based approaches facilitate I ! | l )

the identification of probable drug W '35‘? P 1 mﬁ?{g i
ENEIgY ATP =4
targets. "

Promoter Target gene *ﬂ?,;,;g;,ﬂ" Metabolism (&)
Genomics Epigenomics Transcriptomics  Proteomics  Metabolomics
Trends in Pharmacological Sciences




PHARMACEUTICAL
DEVELOPMENT

Quality-by-Design (QbD)




PHARMACEUTICAL
DEVELOPMENT Quality-by-Design (QbD)

Product Development Continuum with Gated Review Points

Clinical .. ..
i Preclinical Phase | Phase || Phase Ill Submission Launch
Milestones | _ . p— L —
Fromulation \ ‘ \ l { T
and Process | Developability Design Define Optimize Tarnsfer Narification

Milestones ] i i ‘ i ‘ :l

Safety, Efficacy, Dose, Formulation, Processes

Safety, Efficacy, Dose, Efficacy, Formulation, Processes, Packaging, Stability,
Formulation, Scalability, Target Products Profile, Final Market Image
Processes, Packaging,
Stability, Scalability,
'Gate Reviews Target Product Profile

NOTE: Diffrent therapeutic areas and indications will necessitate trials of widely varying size and duration: these variations will impact the nature and focus
of the gated reviews, as well as fromulations/process requirements for stability and scalability.

At pre-specified pivot points in clinical and formulation development, a host of product features must be thoroughly
reviewed to minimize risks and prepare for efficient scale up/feasibility.




PHARMACEUTICAL
DEVELOPMENT

Elements
Dosage form

Administration

Quality-by-Design (QbD)

Alternative methods of administration

Tablet dosage form

Daose strengths

Pharmacokinetics
Stability

Drug product Physical attributes

quality Identification
attributes
Assay
Uniformity of dosage
units
Dissolution

COrganic impurity
Elemental impurity
Nitrosamine impurity
Water content
Residual solvents

Container closure system

Table 1: Outline of Quality Target Product Profile

Target

Immediate - release tablets or capsules
Delayed —release tablets

Extended - release tablets or capsules
Dispersible Tablets

Chewable tablets

Oral route

Administration via enteral tube

Strength as per reference product label.

Bioequivalent to the reference product

Mention desired or expected shelf life and
storage condition for your proposed drug
product.

Rationale
Daosage form should be same as

a requirement of Pharmaceutical
Equivalence.

Route of administration should be same
as a requirement of Pharmaceutical
Equivalence.

If labeling of reference product

indicates drug product’s suitability for
administration via enteral tube.

Strength should be same as a requirement
of Pharmaceutical Equivalence.

Bioequivalence requirement.

Equivalent to or better than reference
product shelf-life. Preferably, can be

stored at room temperature,

Must meet the applicable quality standards for solid oral dosage forms.

Mention desired or intended packaging
system (bottle, blister, strip packaging
etc.)

Drug product stability shall be ensured in
proposed packaging system.




PHARMACEUTICAL

DEVELOPMENT
Quality-by-Design (QbD) Powder dosage form
API/Excipient Raw Material Processing Drug Product Patient
(CMAs) G cppg) @ cp J- Requirements
|dentification Jet milling micronisation Delivered dose Safety, Efficacy
: and Medication
L TRy g In vitro respirability Sy
Purity Powder blending Stabiliy
Excipient type/amount | QTPP
Soft pellets production Moisture content
Physical properties

Including solid state Device filling Device robustness




approved Chemicals

Protein Structure

,Bioinformatics
Molecular - Known Unknown
docking, A AT
Target ok, [p— Screem?g Library
identification In-vitro studies P — C A on a
' Vitua 3 | Structure-Based Ligand-Based
Screening 9_) 8 Design Design
| i \'4 Docklng & Scoring '_ Pharmacophores
0 Virtual Screening (2D/3D)similarity
| s QSAR
Assay :" w,tm P 4'?_3 Virtual Screening
Development I N L
O
I @
Ao . V) o
Lead Optimization Drug-like o) 3 Libra ry DeSign
C— properties? 4 g De Novo HTS
Post Marketing X Design Combichem
Surveillance A 5 Virtual Screening Virtual Screening
Clinical
Trial

DAapproval [ [ ARIORS

Failure




Chemical Library generation

» Combinatorial Library , -
* Isolated Natural Products Library 1
* FDA Approved Drugs | |
eere—————— « Chemicals (Fragment Based D
analysis extract
= Isolation and
Lead like natural products
§ - " mojecules
Struciure Determination (NMRICrystallography) 3 ST : oYY HTS guided
= chromatography
5} ;
) Jarget Identification §
- @
@‘ Target Optimization
¢ ¢ Invitro |  Bioassay
it I vitro Assay Development High throughput screening }—. and/n T guided
w | vivo isolation
l! assaYJ A
Post marketing - amane - .
surveillance Lead Opttﬂﬂzatlon r—f—. YES = 3?& :l:::s L _OJ i

[

Preclinical/
clinical trails J

FDAApproval! - Success |




Patient

= Age/gender/stage

* Functional limitations
= Health conditions

* Medication history

S

p

Disease

= Severity/stage

s Multimorbidity

= Physiological properties

= Disease-specific expression
= Drug—drug combination

= Dose range

=

Solution

Linmet
medical
needs

* Medication management
= Dose to required effect

= Adverse effects

* Routes of administration
* Formulation features

= Therapeutic complexity

= Polypharmacy

= Adherence/compliance

~

Dosage form

Routes of
administration

 Oral, pulmonary, nasal
* iInjectable, implantable

—

 Transdermal, transmucosal,

topical, ocular

Drug-delivery
technologies

» Targeted, organ-specific
» Excipient, composition

* Production method

* Mechanism

Houtes of administration

API

Mechanism of action
Efficacy, safety, quality
 Preformation studies

Physicochemical properties

"

A"

|
I
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
I
I
I
/
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I Conventional

GY 1 ongbeinen

© Granules

v Poor ahsorption from target site
\ v Poor Bioavailability

\
: 't High First-pass Metabolism

=

' Fluctuations in Plasma drug leve|

Systems !
"\ 4 v Premature excretion from the body
\ /
E Ointments < . ' Repeated dosing
™ SYTUpS  Suppositorles ' High dose dumping

Delivery

—

Therapeutic
Modality

Site Specific

Conventional ,
Delivery | Tgéﬁ\ied Intraceliufar
) Delivery
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" \' ..°o N
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Modified release
DDS

Small intestinal
targeted (enteric)
systems can
release their drug
load in the small
intestine

Colonic systems
release their drug
here and may be
able to extend
release throughout
the large intestine

== Controlled releasegs

Delayed release

== Sustained release

= £xtended release

= Prolonged release

=

Gastroretentive
systems are retained
in the stomach and
should release drug
in the stomach and
small intestine

Extended release
systems

can theoretically
release drug all
through the
gastrointestinal
tract

Plasma concentration

(a)

Plasma concentration

(b)

Plasma concentration

C_... (immediate release)

max

]
B

" Duration of action

Onset

Cmax (delayed release)

i

i
|

v

v

.

" Duration of action
Onset

sustained release dosage forms

Onset

Duration of action

v

Time



DDS

Nanosystems

0

A

: 3

. :

'. ..‘
|)cndrimcr\ ‘ Q“.."‘m \““.uh .\lllmpiﬂ\‘ -‘lllﬂplﬂkk\' 0'\ meric \P\ C ll’b‘m
Dots nanotube

Gene Therapy

Applications
in Healthcare

Cancer Therapy Ocular Diseases

Genetic
Disorders

Brain and CNS
Disorders

Cardiovascular
Diseases

Next-generation drug delivery focuses on precise, targeted, and
controlled release of therapeutics, utilizing nanotechnology,
biomaterials, and advanced technologies to enhance efficacy and

minimize side effects

A

Fifth Generation

4G

Fourth Generation

Third Generation

2G

Second Generation

First Generation



Classes of Nanoparticles

Organic: Polymeric [norganic Organic: Lipid
’)ld . "o »
.-'."-“\.- ”".:‘\
A W e 0%}
f :""-‘\E:'f '.Q.:.O.‘
i \‘s' . :,"'
{755 1o s & e
mAb Nanoparticle Dendrimer N Jnsonil)::ra“ e Naml];f;im Liposome r\?;m‘:z?e
Gold \
Nanosphere Nanoparticle En\rge(l}: o
¢ Demonstrate  biphasic drug release o Flexible systems: can be used for + High solubility and bioavailability.
scheme: immediate release followed by PIT and PDT. o Excellent cell-reuptake when
sustaineq release, | o Conjugation with carbon nanotubes conjugated with aptamers.
¢ Great skin penetration. leads to more cancer death. o Effective vehicles for photosensitizers
o Direct cytotoxicity and radical o Can deliver drugs in a cancer- for PDT and miRNA for cancer drug
scavenging activity. specific manner. resistance.

Next-generation drug delivery focuses on precise, targeted, and
controlled release of therapeutics, utilizing nanotechnology,
biomaterials, and advanced technologies to enhance efficacy and
minimize side effects.

Conventional Drug Delivery System

&

Ointments

Orally consumption of
tablets, capsules or syrups
damaged by enzymatic
reactions and lower pH
environment,

x‘tg F‘y "J,'

Syrups

Tablets  Capsules

Control Release Drng l)eli\ ery System

This system is fronting as
drug aggregation due to
large size of matrices,,

delay in release time, less
soluble and less targeted

Erodible
material

Hydrogel Degradable

Nanomedicine is target
specific, transport drug
to effected arcas without
damaging healthy cells.

Dendrimers




Hydrophilicity or lipophilicity
()
PEGylation
Surface
functionalization and ' by -Q fv{ /?2'
modification Ve B Vi
Protein corona
deposition
Nanoparticle
,.,.,.* p -
External
stimuli
sensitive
linker ‘
Stimuli: Size

pH, light, sound, magnetic force, ox-red
environment, enzymes, hypoxia

L = Ligand based:
Glucose, adenosin, folate

P = Protein based
Transferrin, antibodies, Fab, Fc

L

0 = Oligonucleotides
O Aptamers, gapmers, siRNAs

Surface membrane coating
Macrophage or leucocyte
cell membrane

NANOTECHNOLOGY
Smart drug delivery systems

ORGANIC NANOPARTICLES

Lipid- and surfactant-derived

Vesicular nanoparticles

Liposome  Ethosome Transferosome

Polymeric nanoparticles

Nanosphere Nanocapsule

nanoparticles

Niosome

Solid L|p|d

Non-vesicular

nanoparticles
Nanostructured
Lipid Carrier

Nanoemulsion
({O/W)

&~ Phospholipid
Non-tenic surfactant |
Edge activator

o
o Surfactant
—

Polymer

Cholesterol
Ethanol

Qil

Solid Lipid

Water

INORGANIC NANOPARTICLES

Carbon based
nanoparticies
Gold NP Silver NP TIO5/ZnO NP Fullerene Nanodiamond
” II | /‘. B g L Sy
&\ \\ . : / . ,55 s
Silica NP Copper NP Aluminum oxide NP Nanotube

I\‘. ) ‘
\\

-




NANOTECHNOLOGY : CANCER

Click-treated

| Targeting moiety

o Therapeutic agent Ca(';"f; °)e” ¥
+ Imaging agent s S
5 Linker chain P AL “ ' —
B R Y 0 e e S e
% . | \ @ .9.\ A '.".‘." ;“. “ -ni‘w ’—"—l
R A # .s .
: 0 i i
‘AN
' Fi el g ERER
4h MIP-4h MIP-12h MIP-24 h
' 24 h
™ i
" Cancer cell | .l ul 5
(proliferating) i

G Control pre-bDox

Two exemplar theranostic Tumourous tissue Tumor
nanoparticles comprising receiving therapeutic
therapeutic and imaging agents and imaging agents

3
o ©
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48 h

3
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Wearable patch

TRANSDERMAL DDS

Passive delivery

N

Active delivery

¢ R v

. Electric-
Hydrogel Microneedle stimulated
patch patch patch

v R

Ultrasound- Photothermal
stimulated -stimulated
patch patch

Wearable Bioelectronic Skin Patches Market




drug
reservoir

FUTURE DDS

Cell-specific delivery C'eégap"gé by

Identify optimal
physiochemical
properties of drug
delivery system for a
specific disease subtype
and patient population

age/BMI

'S
é\' Liver -..-- o
S
<& .
Git

g o) Endoson’l’élf
] @ escape

m ——

————
Endothellum

Patients vary in gender/

9 S e s
Zo Pt

Extrahepatic
delivery of gene
therapies

Brain

Stomach ’FJ

.....

Physiological
barriers limit the
delivery efficiency

llular barrier Epitheliume

,o roma
“

Extracellular

matrix
Tissue

- Rood

&

Intra-tumoral
heterogeneity

groups

Personallzed 2 g g
\ @ é charge
./  Dosing So, A ok O e,

Mechanical
properties

Future of

Drug
Delivery

Lack of real time monitoring
Large variation in drug and combinatorial
response understanding

@S

Next‘ge

Long-acting delivery for
biolegics or hydrophilic drug

Therapeutic
window

3 B A ' .

Days.after injection

Imaging
Sensing

Controlied release  Targeting

Drug delivery nano/
micro- robots

' Long acting
" delivery in
stomach/gut
- via oral route

Al-based algorithm to
predict structure-
property relationship

Data collection

M&nlhs after ll"edloﬂ




1 G By Engagement with 06 +
‘v o ou e (1 Identify Target Audience ! @ Healthcare Professionals

N 1

'B\ Pharmaceutical
Marketing Strategy

02 Understand Audience

Compliance and Regulation ()7/
Needs

03 Choose Marketing
Channels

Track and Analyze 08
Performance

Adaptation to Industry

(04 Content Creation Changes 09

(05 Targeted Messaging Ethical Considerations ()




Customers of Pharmaceutical Marketing

Prescribers Payers Pharmacists Distributors Consumers




Signal interpretation
and output generation

1

Smart sensors with
internet of things (loT)
to monitor imbatanced
body conditions

[ ﬁ_l

Adjutable drug release from
implants

Medical team monitoring and




Drug Delivery Systems Malzket ///

-

e %! Key Players
| uss 40-‘ Bﬂ ” Market Revenue ' ! » Novartis AG
oS » Amgen Inc.
’d » F. Hoffmann-La Roche Ltd.
» Pfizer Inc.
» Johnson & Johnson Services, Ltd,
» Becton, Dickinson and Company
» AstraZeneca pic

Market Drivers
» Introduction of

advanced technologies |}
» Growth in incidence of
chronic diseases

|

- o
N —_—

" CAGR (2023-2031) |

0
{ In2022(A) A 6.8%

By Route of By Type of Delivery System » Baxter International, Inc.
Administration » Bayer AG

» Oral » Boston Scientific Corporation
» Injectable O Intrauterine Implants

» Inhalation By Region

» Ocular 8 Prodrug Implants » North America

» Nasal

» Topical 0 Polymeric Drug Delivery {1 * Largest market

share in 2022

r
|
|
|
|
|
|
|
B 8 e T S S YT R PSS W Y. W S e e
|
|
|
|
|
|
|
|
|

@ Targeted Drug Delivery TRANSPARENCY

www.transparencymarketreserach.com V



Rx development process
EMA Post-launch
Discov Pre-clinical Phasel Phasell Phase Il Launch
=y filling / Approval studies
O ® e (]

« Qutline design « Confirm prototype ' |+ Complete design « Carry out + Finalize the « Implement « Patient registries
specifications for and protocol specification and clinical tests submission “go-to-market” « Post-marketing
each targeted indi- | . Line up legal issues, | verify the test . Integrate documents strategies trials
cation with marketingand |- Line up the launch clinical and . Get marketing . Co-marketing » Cost-effectiveness

7 Carry out therape- access strategies plan with the needs non-clinical data authorization + Education and studies
.Ut'c arga IanSssap- « Develop early and evidence for submission « Rx-CDx training « Price optimization
N S S e stakeholder requirements registration « Market awareness
assessment studies ¢ feae | HTA) Dricine LCM

. Target Product engaggmen Of payers (incl, , « Fricing .

Profile (TPP) MIARPES
modelling
Biomarker Feasibility Prototype Analytical Clinical Regulatory Vacineh Clinical
selection studies assay validation validation approval Utility

Dx development process




TUGAS

Strategi pengembangan obat
analgetik : Opioid

Strategi pengembangan obat
antibiotika : Penisilin

d Strategi pengembangan obat
antikolinergik : Atropin

Kamu harus tahu mengenai
mekanisme aksi obat tersebut?

Permasalahan apa yang muncul akibat
penggunaan senyawa obat tersebut?

Kaitannya dengan pengembangan

obat, strategi apa yang perlu
dilakukan ?
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Daftar singkatan

 SAR : Structure-Activity Relationship

 STR: Structure-Tissue Relationship

 HTS : High throughput screening

 CQA:s : critical quality attributes

 PPIs : process performance indicators

* CMAs : critical material attributes

e CPP: critical process parameters

 VHTS : Virtual high-throughput screening

 SBDD : Structure-based drug design

 LBDD: Ligand-based drug design

 QSAR : quantitative structure—activity relationship

e CoMSIA : (Comparative Molecular Similarity Indices Analysis) is a method for analyzing structure-activity
relationships and predicting the activity of new compounds based on their similarity to known active
compounds.

e CoMFA : (Comparative Molecular Field Analysis) is a computational method for predicting the activity of

molecules based on their 3D structure
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