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Chart: Drug/herbal discovery and
development

Formulation development

< >
o Ethic and regulatory
Lead identification In vitro toxicity reviews
Scale up In vivo pharmacology and toxicity Phase 1
Synthetic Assay metabolites Phase 2
In vitro pharmacology Biomarker analysis Phase 3

FDA filling
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DISCOVERY PRECLINICAL CLINICAL FDA REVIEW APPROVAL POST
MARKETING
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COST: USD 1 billion
Duration: 12-15 years




Natural products/ herbals have been the forefront of medicine to treat human disease
The milestones

2400 B.C.; on clay tablets (Mesopotamia),

1534 B.C.; the Ebers Papyrus (9th year of Amenhotep 1
reign),

721 AD; Jabir ibn Hayyan, founder of modern pharmacy
980 AD; Ibn Sina, Modern Physician

1578 AD; the Chinese Materia Medica, document written
by Li Shizhen in 1578 (Zheng 1988).

1804 AD; Serturner who dealt with medicinal herbs to
the isolation of morphine

Ibn Sina (980 M)
Modern Physician

Jabir ibn Hayyan (721 AD)
Founder of modern pharmacy



HEALTH IN =
THE SDG ERA ¢

@ Maaqgasid al-Shariah -
(objective of Shariah)

Protecting life

ijtihad encourages the effort to research on drug,
cosmetic and vaccines.

“There is no disease that Allah has created, except that Allah also

has created its cure.”

(Sahih Bukhar) Human Coronavirus Structure
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Fig. 1.7. Member States with a national or state level laws or regulations for T&CM,
2018
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Small molecules from NATURE used as drugs

Of the 1,135 new drugs approved from
1981 to 2010, 50 % were of NP origin Facts
(natural, derivatives and analogues)
(Cragg, 2007)
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95 % of the world’s biodiversity has 0 .
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not been evaluated Taxus brefivolia
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l Paclitaxel

Herbal phytopharmaceuticals which have
reached US $60 billion, with annual growth

rates of 5-15 % represent a significant share — Pharma industry
of the total world pharmaceutical market

(Naoghare and Song 2010) Sponsoring/developing

Vincristine



Global challenges in drug/herbal discovery and

development

§%¢

s New drugs

e Anticancer (targeted)
e Chemicals
e Macromolecules
e Antibiotics (multidrug resistant bacteria)

== New vaccines

e New strain of virus
e Covid-19

smm |Mproved Drug Delivery

¢ Increase efficacy and reduce toxicity
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SOURCE OF DRUGS

Small
Molecule

Chemical synthetics

Natural products

Biosynthetic/biotransformation

Recombinant DNA products — | Macromolecule
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Small molecule vs macromolecule

CHAIN C

NH NH

)J\ )J\ - CHAIN A
N

N™ "N™ "NH;
H

l CHAINB

CONNECTING
PEPTIDE

Metformin .
Insulin

Small molecule Macromolecule
Simple Large

Single defined structure Complex structure
Predictable chemical reaction Derived from living cells
Produce identical product Identical clone unlikely
Stable Sensitive to heat

Easy to characterise Difficult to characterise

Minimal data packet Robust data packet

Cauchon et al., 2019
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General procedure to develop a new drug
from plant sources

Random selection

Ethnopharmacological Chemotaxonomic
approach approach

Plant materials

1 Extraction

-

Biological testing l iswlation Toxicity
(In vitro/ In vivo) (Chromatagraphy) (In vivo/ In vitro)

| Pure compound |

Spectroscopic analysis UV, IR, NMR, MS

Plant extract

l Preformulation

Clinical study 15



In Vitro Studies

@

The initial step of drug discovery, all potential lead compounds undergo in vitro
pharmacology testing

X

Antioxidants
Antidiabetics
Antiinflammatory
Anti-cancer/cytotoxicity,
Anti-hyperglycemic,
Anti-obesity,
Wound healing.

Chemical/reagent,
enzymes,
microbes and cell
lines

QO




Cinnamon- Antihyperglycaemic-adipocyte cells

Cinnamon bark

Adipocyte cells

Adipose tissue

In the fasted state, there are no GLUT4 glucose
transporters in the plasma membrane

.

In the fed state, insulin recruits GLUT4 to the plasma
membrane to promote glucose uptake

Glucose
[¢]

Insulin

o

e

Intracellular
GLUT4

Cinnamtannin B1 Adipocyte cells-stained

Upper unit

Insulin mimicking activity

E TheStar Sweet hopes for diabetics

TOPICS »  Flame on Olympics Sabah & Sarawak The New Normal In 500 Words Covid-19 Watch EEA 2021 True or

Sweet hopes for diabetics
00000000 N

Siarion By HAMDAN RAJA ABDULLAHnewsdesk@thestar.com.my

Friday, 06 Jan 2006

MUAR: Good news for diabetics. A three-year study carried out by Universiti Teknologi
12:00 AM MYT

Malaysia in Skudai has confirmed previous findings that cinnamon has the potential to
lower sugar levels.

Related News UTM research and development manager Prof Dr Mohammad Roji Sarmidi said
yesterday their research showed that the spice, known as kayu manis locally, has positive
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Wound healing-using cell culture

PDGF 0.002
(Control)

Aques extract 0.19
of Sapium

indicum

(mcg/mL)

Ethanol
extract of
Sapium
indicum
(mcg/mL)




Animal study

Goal

Guidelines

OECD
NIH
ICH
CPSEA

Mechanism of action

Tests

3R rules

Reduction,
Refinement,
Replacement

Antihyperglycaemic
Wound healing
Antitumour
Antinociceptive

Effects

Pharmacokinetics
Pharmacodynamic
Physiology
Pharmacology




DEVELOPMENT

DRUG FORMULATION

Development step

Formulation —p

Polymeric
nanoparticle

Silicon
nanoparticle

Microporous
scaffold

Hydrogel

Hydrogel

Pharmacokinetic, Biopharmaceutical
Efficacy, Classification
Toxicological studies System
Buretion Challenges
NANOFORMULATION
Lipid Gold
nanoparticle nanoparticle Nanosphere

Nanocrystal

e Nanotechnology

Strategy

YL re Y
Mesoporous Carbon
nanoparticle nanotube

o N

- /Cﬁ :
Nanodiscs Mlcroﬂwdlc
device

Biocompatible, biodegradable, non-immunogenic,
have a long shelf life, exhibit high stability.




NIOSOMAL FORMULATION

Nonionic surfactants
(+ cholesterol + charge inducers)

HiC

Hydrophobic drug

Non-aquoeus,
non-ionic
surfactant
bilayer

Hydrophilic drug

Aqueous compartment

-

Niosomes

Various preparation techniques

Drug(s) +Water/PBS
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Cholesterol - 2
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Masjedi et 2021, https://doi.org/10.1016/j.jddst.2020.102234
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Bhavni et al, 2020.https://doi.org/10.1186/s43094-020-00117-y

























Biological material

|

Homogenization

v
Two-phase extraction

A4

Polar phase Non-polar phase

A

Ultra performance liquid chromatography (UPLC)

! l

Electrospray ionization/time-of-flight mass spectrometry (ESI-TOF-MS)

Y y A

Sample set 1: Sample set 2: Sample set 3: Sample set 4:
Pos. ESI/polar || Neg. ESI/polar || Pos. ESl/non-polar || Neg. ESI/non-polar

v v v v

Data matrix 1: || Data matrix 2: Data matrix 3: Data matrix 4:
Pos. ESl/polar || Neg. ESl/polar || Pos. ESI/non-polar || Neg. ESI/non-polar
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Peak RT (min) Peak height (mAU) Peak area % Proposed identity of compound*

HPLC-DAD Amax (nm)

1

© N O U AW N

n
12
13

15
16
17
18
19
20

25
52
53
5.8
63
69
11
1.6
132

149
155
15.7
169
170
175
18.1
183
189
199

13.29053
116832886
50433762
456.65558
151.39925
16331013
841879
26.59516
35.75774

6.63179
19.11495
1945154
9268282
15.39486
2684283
14.13607
7788322
102.11224
19.88177

0320
1441
319
17.81
820
2557
033
070
136

0.17
046
043
247
023
0.60
021
1.70
293
046

Ascorbic Acid

Gallic acid derivative

Gallic acid derivative
Hydroxybenzoic acid derivative
Hydroxybenzoic acid derivative
Gallic acid derivative
Kaempferol-7-O-glucoside
p-Coumaric acid derivative
Isovitexin-4-O-glucoside

Gallic acid derivative
Hydroxybenzoic acid derivative
Hydroxybenzoic acid derivative
p-Hydroxybenzoic acid
Caffeoylmalic acid
bis-HHDP-glucose
Quercetin-3-O-triglucoside
Galloyl-HHDP-glucose
Apigenin-7-O-rutinoside

P-coumaric acid derivative

244
273, 279, 288
280
280
274
271,278, 287
254
313
254

280

278

278

256
327,300, 268
232

268; 340

232

254

228,316
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