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Timeline and development stages for a pharmaceutical product (industry average)
_
discovery testlng
Phase | - Phase I Phase llI
5-10,000
candidates
o W
z Zg,;?d%tes ; ; ; 1 medicine ~ Medicine
: - available
' : : ~ for patients
- 5-10 25 1 4-2 5 ’
candidates - candidates . candidates
4.5 years 5.5 years f 7 years 8.5 years 11 years 12.5 years
Source: ABPI
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toxicology studies
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— 1-2 years
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Market launch

10-15 years
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Drug supply Drug using
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« |Peristalsis
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+ | Sphincters tension

+ Lodgement
* Mucosal irritation
+ |Elasticity

+ | Gastric emptying

Capsule
* «pH

* Dysphagia

+ Xerostomia

+ Taste

+ |Oralmucosa
* | Mastication

+ Size

+ Shape
+ Taste
+ Density
+ Storage
+ Colour
+ Smell

®
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+ |Bicarbonate production
* | Mucosal protection

OESOPHAGEAﬁNSW

D

+ Absorption site
/ DRUG RELEASE

\

FORMULATION
Safety and efficacy

+ Stability

+ Adherence

+ Cost

+ Access

+ Direction of use

» Technicality
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INTESTINAL LUMEN

« |Surface area

+ GutMicrobiota + |Liversize and mass

INTESTINAL TRANSPORT + |Hepatic blood flow

« ASBT,CNTs, ENTs, OATPs, OCTs, + |First pass metabolism
PEPT1, MDR1/p-gp. BCRPs ? +  «» CYP450 enzyme activity

INTESTINAL METABOLISM + «»Phase |l enzyme activity

+ CYP450s, GSTs,UGTs, SULTs ? Fatty liver diseases

+ |Blood flow * Pseudocapillarization

+ «»Bilesalts + |Pancreatic mass

* «»pH + |Bile flow

«s Jransittime + Uptake and efflux transporters

. Cardiac output
| Total body water

LAlbumin
' Body fat
EXCRETION «» Alpha-acid glycoprotein
+ |Size «» Drug transporters (Pgp)

| Renal blood flow, urine
\GFR

|Active renal tubular excretion
| Functional nephrons
| Muscle strength
Uptake transporters ?



Stratum

corneum (10-20um) \[

Epidermis

(~80* um) |

CDA4+T helper cell

Dermal dendritic cell

Dermis

(~1500" um) |

Eccrine sweat gland

Subcutaneous
tissue
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Stratum dysjunctum
Langerhans cell Furrow &« shaft / el

Stratum compactum
& p

Keratinocyte
Melanocyte

\

Basal membrane
Sebaceous gland
Bulge region
Keratinocyte &
Melanocyte stem cells

Apocrine sweat gland

Macrophage

i

Innate lymphoid cell

NERVES
ey
BLOOD VESSELS
LYMPH VESSELS
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» Benzoic acid* '.."
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° TFéstosterone
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°. Estradiol

Hydrocortisone*
10 20 30 40 50
Mean % Dose,,s - Young
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Orug Deliv Rev . 2018 Oct;135:3-38
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Routes of Drug Administration

e

Nasal
Inhalation administration ministration

Intravenous reute Ocular drug delivery Transdermal diffusion
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Administrative routes
g
/ﬁj_ﬁ"- 2 Ex-vivo In-vivo
: gplul 'ﬁ“&s:;'wj . Oral . Parenteral
. « Pulmonary - Topical
« Intra-ocular « Pulmonary
« Intra-nasal
- Topical
« Local
A e l Barrier encountered l
Surface barrier En-route barrier
(Skin, mucus, T (Opsonins, ECM, BBB,
morphological, morphological,
physico-chemical) physico-chemical)
\ Y /
Intra-cellular barrier
(Targeting receptor availibility,
Enzymes and Proteolytic barrier)
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ampicillin R
il e esndie bacampicillin (R = CH,, R' = OEt) EtOH
pivampicilin (R = H, R = £Bu) r )OL €O,
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Bacampicillin

Absorption: 98-99%

ampicillin
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Murine
anti-CD30

Human IgG1
scaffold
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lysosomal
proteases

p-amino-benzylcarbamate spacer
(PABC)
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Brentuximab vedotin Maleimido  Valine citrulline Monomethyl Auristatin E
caproyl spacer linker (MMAE)

Source: Thera Advy Hem @ 2012 Sage Publications, Inc
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Pharmacist
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BEMBERTON
CREATES COKE

coca-leaf extract
+

kola-nut extract
+
sugar syrup
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Pill. Tablet. Capsule

In 1843, English inventor William Brockedon was granted a pate
capable of “shaping pills, lozenges and black lead by pressure in dies!
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Takeru Higuchi IR M B 4 % % 2

E%*%WE@E*E — Meet 'l‘ak‘ru Higuchi
P

+ Mathematical model for drug dissolution :5 \
Higuchi (Equation) '- \

¥

0=[D(2A-C, )Csrﬁ 0= [2,41)03:}3,

dt 2 t dt 2t

@=1[D(2ACS)CST dQ=[ADCSf

e ¥
- : 'I'..\'

Kansas Historical Society

Q amount of the drug release in time t per unit area
dQ/dt the rate of drug released per unit area

A s the total concentration dissolved and undissolved, of drug in the matrix. OR
Total amount of drug in a unit volume of the matrix OR
The initial drug concentration

Cs is the solubility or saturation concentration of drug in the matrix
D, the diffusion coefficient of the drug in the matrix
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€  Drugparticle

‘ Polymer matrix

Tablet Coating

¢ Why coat tablets?
2 Taste and smell identity
2 Protect incompatibility
2 appearence

¢ Types of coatings
A sugar coating
2 film coating
2 press coating (compression coating)
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Organic Solvent or
Aqueous Dispersion

Peristaltic
Pump

Nt

Uncoated Core Tablet Core Finished
Tablet
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AP| feeder Excipient feeder Lubricant feeder
I ' Y Blender

Ca’

Mill “l;

Dissolution Tablet
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INTACT TABLET COATING DISSOLVE BARE SURFACE GRANULES

DEODENUM
PH=50-6.5

TABLET

DISINTEGRATION
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Pulsed

Sustained

Lag time

Flasma Drug Concentration

0 min post-dose 120 min post-dose

135 min post-dose (Onset) 165 min post-dose (Complete)
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Surface available for drug release
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e Water inoluble body
Water soluble cap
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Drug formulation E:apdl!:_m lm_’ F"E Hhpancy Plug ejected and drug releases
Hydrogel plug in yastric juice
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Step 1 Step 2 Step 3
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Agent QOsmotic  Semipermeable  Impermeable Flow
Layer Membrane Reservoir Moderator

Push-Pull Osmotic Pump Elementary Osmotic Pump
Laser-Drilled Opening Laser-Drilled Orifice

Vi

QIHﬁL N
Semﬁrmeable / f T \

Membrane

Semipermeable
Membrane

V1 - Drug
V2 = Osmotic Driving Agent



http://www.bio-equip.com/show1equip.asp?equipid=3538085
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o HEl Laser-drilled hole
L
- Hard outer

shell

[cokored prercoat)
Rate-
contralling Osmotic
membrane

o e

Source: Leon Shargel, Andrew B.C. Yu: Applied Biopharmaceuti
www.accesspharmacy.com
Copyright © McGraw-Hill Education. All rights reserved.
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a Osmotic pump

Semi-permeable
coating »

Drug layer
Push layer

8% water
b  Openable matrix (§T{%EF

Semi-permeable
coating

- Single-side
release (1 API)

Double-side
release (2 AP1)

*Sandwiched”
drug layer {1 AP1)

Cumulative drug release (%)
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permeable coat

rupturable coat

A -

b == »» ruplurable coat
. // »=us erodible coat
:' m— permesble cost

== Semipermeable coat

ok

semipermeable coat

erodible coat

techz J Med Chem Res 3(1): 012-022
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Cumulative release (%)

~

o REERFIE

® FEERLNG

100

Time (h)

In vitro dissolution studies

and release kinetics

~\\I

¥

After-8h After-10h After-12h

In vitro floating behavior
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In vivo buoyancy characterization
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Representation of Typical pH Values

pH 1

Gastroretentive
systems are retained
in the stomach and
should release drug
Small intestinal in the stomach and
targeted (enteric) small intestine
systems can
release their drug
load in the small
intestine ——Extended release
systems
can theoretically
Colonic systems release drug all A ,
release their drug through the . y
here and may be gastrointestinal i = Acidic
able to extend tract
release throughout

the large intestine

Neutral

Alkaline
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Solid MN Coated MN Dissolving MN Hollow MN

stratum corneum -ﬂzﬁ S| -T-:Fa
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viable epidermis "“ _ ~W " l " B —

dermis
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Silicon

Microneedle material of construction

Polymers
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* Thermoset
Elastomer

— Drug-loaded
polymer

— Enteric linker

ce translational medicine 8(365):365ral57-365rals7

Capsule
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Stomach
pH 1.5
Linkers intact

Small intestine
pH 7.0
Linkers dissolved
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Blood Glucose Levels (mg/dL)

B B 3 1 3K 3% 1% & 4
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144
= glucose blood levels
------- sucrose*-rich foods (*glucose-fructose)
126 1
108 1
90 1+
721+
s
7:00 9:00 11:00 1:00 3:00 5:00 7:00 9:00 11:00 1:00 3:00 5:00 7:00
fBreakfast TLunch fDinner

FEERIBA vs A

Diabetic vs Optimal Blood Sugar Levels

A\ P

[ NC N\
N N
/™ \ /~\

== Diabetic

e Optimal
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Closed loop system

[MERR S5EE

_ FASTING BLOOD GLUCOSE
Level /Risk mg/dL LEVEL CHART
High 280
High 2 - DIABETES> 125
High 215 = MyEH % E
Borderline 180
Borderline 150 =
Borderline 120 - PREDIABETES 100-125
Normal 72-108 j. NORMOGLYCEMIA 70-99
Low 70

HYPOGLYCEMIA< 70
RIMAE £
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Calculation Method

Insulin units are calculated using the

RN R

*F.:.E ﬁ(’% Fﬂﬁiﬁﬁé}‘ N ( open loo P thera py) Y= Pre-Meal Blood Sugar - Blood Sugar Goal

Correction Factor

~ Meal Carbohydrates

_ Y- CarbOhYdrate -
/ Insulin Units = X + Y
\ - * Rounding Method

The Insulin Units are rounded using the
following method based upon hospital
recommendations:

N 0O !
W O\ \O| X

.00 to .24 --> Round down
AC .25 to .74 --> Round to .5 (1/2)
.75 to .99 --> Round up
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v",tq"\,f (¢
0 07N e, Y
' p S0
L8

BT S E R B R EY



AR RZ F# %A

RN R

BREEERG ISR Closed loop system f Givcose q
| Continuous Control N

| Iucose Senso;,,, Algorithm" |

Sensing Delivery

(glucose sensor) (insulin pump)

”(\\

////////// 'Fi‘.‘i‘r‘#p @ (J

/// algorithm)
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Targeted Drug Delivery
Systems
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Top ten brands, global sales, 2004, $bn F
Lipitor {chelesterol-lowering) 120

Focor {cholesteral Lowering) 5.9 n-CHa
Plavix (anti-lotting) 5.0 N {_)
Nexdium (anti-ulcerant) 4.8 @i h
Zyprexa [anti-psychotic) £.8 N s omy
Morvasc {anti-hypertensive) 4.8

Seretide/Advair (anti-asthma) 4.7

Erypo (blood-cell baaster) 4,0

Prevacid (anti-ulcerant) 3.8

Effexor (anti-depressant) 3.7 2 O 1 9_/EF_ é }jz HE— $5J %‘ﬁ -QHIJ- fl'.%

Spurce: IM5 Health b
(=)

208.83 Humria S35
) 2 110.87 Revlimid EE= Celgene
¥ %ETEEEEN 3 101.84 Eliquis TRE BMS/Pfizer T_'m
—— 4 100.07 Keytruda s MSD i
s 7958 Opdwo  EGE  BMs
6 78.56 Eylea hie Bayer/Regeneron
182 5 -HUMIRA 7 7332 Enbrel =5 Amgen/Pfizer
B3 7K & 47i-Adalimumab i sl
9 68.11 Avastin =T Roche

¥E r'EJ ﬂq] % ﬂ; EE -¥- (TN F) 10 65.99 Herceptin =T Roche
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= 110 amino acids 3E%Eg°
Heavy Chain  ,— A N
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Light Chain 525%
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OH # O2N NO:
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polyethylene glycol oxin Trinitrotoluene (TNT)
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Low High_
affinity &l affinity

107 10° 109 1040 1041 102
\_'_,
REBDDREHUR
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@ Cysteineresidue
— Drug-Linker

Conjugation chemistry
Cysteine linked, at sites of interchain disulfide bonds

Proprietary Drug-Linker
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Payload (DXd)
Exatecan derivative
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Engineering Biopharmaceuticals for Better Delivery
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TG4 KRS S HAITUS R I ( ispecific antibody ) » FGLPIZ BRI B TR MAARRAELHEM s o
BRI (Dulaglutide )  XBHRABEMEHHOAFLAXATEBEHBUESHSWAHRS - 15h o 7 - 2020 (10)
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