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WHAT 1S NANOTECHNOLOGY?

’J\fanotecﬁno[j?y is the

man}’pufam’on or matter at

the nanometer* scale to
create novel structures,
devices and systems.

Structures Devices Systems
(e.g-materials) (e.g. sensors) (e.g- NEMS)

* 1 millimeter = 1,000 micrometers;

1 micrometer = 1,000 nanometers
Source: "“Nanotech: The ffiny Revolution" Ey CMP Cientifica (ﬂ\ﬁwemﬁer 2001)
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foeﬁ Ukuran Joacfa Sg’fat-sifat Material

Mengaya reduksi ukuran material dalam skala nanometer
menjacﬁ’ Begitu Joenting?

&

Stfat-sl’fat material gomg meﬁjouti sﬁat ﬁ’sis, kimiawi,
maupun Bio[ogi berubah beqgitu dramatis ketika dimensi
material masuk ke dalam skala nanometer.




e Para ilmuwan }oercaya bahwa setiajo sffat memiliki
“skala Jomg’cmg kritis”.

o Ketika dimensi material lebih kecil dari fm}jang
kritis tersebut maka szfat-sifat fisis ﬁm amental
mulai berubah.

. Seﬁagai contoh, nanopartikel temﬁaga ang
memiliki  diameter 6;0 nm mem]aer[i’ﬁatﬁan
kekerasan lima kali lebih besar cfar?pacfa
temﬁaga ukuran besar (ﬁu[é)

e Contoh lain, keramik yang umumnya kita kenal
mudah ]oecaﬁ cfa}oat dibuat menjac{i ffeésiﬁe[ jiﬁa
ukuran’ bulir (gmz’ﬂ) direduksi ke dalam orde
nanometer.
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HOW SMALL

Ant = 5,000,000 nm Pinhead Dia. = MEMS = 10,000 - Red Blood Cell= Human Hair Dia = DNA Diameter =
1,500,000 nm 100,000 nm 7,500 nm 100,000nm 2.5nm

Nanobatteries are 200 nm
in diameter
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../../../LBBDS%20&%20Product%20Development/UNAND/How%20Small%20is%20a%20Nanoparticle.mp4

Dimensions of N¢ anotecﬂnofogy

water DNA virus ervthrocyte apple

Nature molecule
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_ dendrimer, polymer microparticles tablet,
Pharmaceutical nanotube,  nanoparticles, capsule
nanotechnology quantum dots, micelles,

niosome liposome

Source: Jain NK, Pharmaceutical Q\fanotecﬁnofogy, 2007
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PILAR INDUSTRI FARMASI 2025
KEMANDIRIAN SEDIAAN FARMASI DAN BAHAN BAKU FARMASI

INDUSTRI FARMASI INDONESIA SEBAGAI INDUSTRI STRATEGIS NASIONAL

VISI 1. MENJADI 15 BESAR KEKUATAN UTAMA INDUSTRI FARMASI DUNIA PADA 2025 DENGAN NILAI PASAR Rp. 700
T

1. Memenuhi kebutuhan pasar obat dan pengobatan, termasuk kebutuhan JKN dan KIS
MISI 2. Meningkatkan devisa, dengan meningkatkan ekspor dan substiitusi impor.

3. Untuk menguasai teknologi farmasi, termasuk R&D memaksimalkan potensi

JKN & KIS: Peningkatan ekspor & substitusi impor:
Ketersediaan, Keterjangkauan, Akses Meningkatkan devisa

Bio-Pharma

Vaccines Natural Chem-API

Skala Ekonomi

Regulasi dan Insentif

Pasokan Bahan Baku Dukungan Investasi

Penguasaan Teknoloaqi Kualitas dan Kuantitas SDM

MENUJU INDUSTRI FARMASI YANG TERINTEGRASI oW
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Te eﬁnofogi nano]oartiﬁef dalam farmasem’ﬁa untuk

mening atlécm ﬁefammn OBCLI'

° QCe[amtan 06@1’ cfafam air meru CLEGLTL S?fdt funcfamenm[
ycmg 667}961’@%@” c[a[am OL6501”}951’ obat sete[aﬁjoemﬁerian

e Dalam penemuan obat, hampir 70% senyawa kimia baru
yang ditemukan sukar larut dalam air

. CBio]oﬁarmaceutics classification system C}QBCS) memjoaﬁan
suatu klasisikasi saintifik dari obat berdasarkan kelarutan
dalam air dan Joermeaﬁi[ims intestinal yang berhubungan
c&mgcm disolusi n vitro dan ketersediaan ﬁayati M vivo g&m’

JO?’OC[ME oﬁat
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‘BCS C [assgcication @C @mg Substances

Class 1 Class II
-High solubility «Low solubility
-High permeability High permeability

Class III Class IV
«High solubility «Low solubility
.Low permeability -Low permeability

Solubilit
Copynight 2008, Dawd J. Ha its reservec
F: 3 UNIVERSITAS
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Are Eicyoﬁarmaceutica[ yrc)?peﬂies
[imiting c[rug deve lbyment.

Top 200 Marketed Drugs (USA) NCE Prevalence
by BCS Category by BCS Category

Unc BCS |




Wﬁy consider ﬁ”pid'-ﬁased'
formulations (LBF)?

)

To the solubilit [
AL b A b

sand 4




Keuntungan LBF

o [ BF melarutkan obat dalam pemﬁawa minyaﬁ

— Absorpsi obat lebiih baik cﬁﬁanoﬁngﬁanﬁformufasi konvesional

* Absoprsi melewati sistem [imfatiE (meng indari peristiwa
metabolisme)

- Q\/lengumngi keterbatasana selama di saluran cerna yang
berkaitan engan kelautan

° ’Mengumng i}?éﬂg aruﬁ maléancm

- Q\gengumngi biaya dan kompleksitas dalam pengembangan
obat




pridl-ﬁasecf systems as a
promising a yroacﬁ for enhancing
the sohﬁifi?y and bioavailability

of poorly water-soluble drugs




. 7[65@01’51' obat Joacfa LBF tergantung Joac[a:
— Ukuran Joom“iﬁe[
— T ingﬁamn emu[siﬁﬁasi
— Kecepatan cfigoersi
= ?res;’pitasi obat setelah Joenoﬁ’spersian

e [BF meﬁjauti:
— Larutan minyalé atau su§pen5i
— Fmulsi

— Self-micro or self nano emulsifyving drug deliver
sy.iems (SMEDDS/SNEDDS) fy 0 0 7




Examples of LBF on the market

Product name Drug Dosage form Company
Sandimmune Neoral® cyclosporine A/I soft gelatine capsule ~ Novartis
Gengraf® cyclosporine A/III hard gelatine capsule  Abbott

Norvir® ritonavir soft gelatine capsule ~ Abbott
Fortovase® saquinavir soft gelatine capsule ~ Roche
Agenerase® amprenavir soft gelatine capsule ~ GlaxoSmithKline
Lipirex® fenofibrate hard gelatine capsule  Sanofi-Aventis
Convulex® valproic acid soft gelatine capsule =~ Pharmacia
Rocaltrol® calcitriol soft gelatine capsule ~ Roche
Targretin® bexarotene soft gelatine capsule ~ Novartis
Vesanoid® tretinoine soft gelatine capsule ~ Roche
Accutane® isotretionine soft gelatine capsule ~ Roche

Kaletra® lopinavir and ritonavir  oral solution Abbott

Aptivus” tipranavite soft gelatine capsule ~ Boehringer Ingelheim
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Marketed Products

Drug

Water Solubility

Marketed
Formulation

Lipid Excipient

Progesterone

Practically insoluble

SGC, 100 mg
(micronized)

Peanut oil

Valproic acid

Very slightly soluble

HGC, 250 mg

Corn oil

Calcitriol

Practically insolubla

SGC, 0.25, 0.5 meg

MCT

Doxercalciferol

Pracltically insoluble

SGC, 2.5 mcg

MCT

Dutasteride

Insoluble

SGC, 0.5 mg

MCM

Fenofibrate

Practically insoluble

HGC, 200 mg

Gelucire 44/14

Cyclosporine

Very slightly soluble

SGC, 25, 100 mg

Labrafil M-2125CS

Amprenavir

Practically insoluble

SGC, 150 mg

TPGS

Ibudilast

Slightly soluble

HGC, 10 mg

Cremophor RH 60

-
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Sistem mikro/nanoemulsi

Hydrophilic
phase

Hydrophopic
phase
<—— Ko-surfaktan

<4—— Surfaktan
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o SNEDDS memyaﬁan campuran isotrojoiﬁ
c[engcm Joemﬁawa minyaﬁ (minyaﬁ, swfaﬁmn
dan ﬁosmfaﬁmn) dan obat yang membentuk
suatu larutan yang jemiﬁ (nonoemufsi) yan
terbentuk secara spontan (segf-emu&fyin%
saat diteteskan ke dalam air c[engcm sedikit

P@ﬂg ac[uécm.

o Nanoemulsi (NE) teridiri dari tetesan ym}g
sangat halus c[engan ukuran tetesan (c[*ro}o et)
ﬁumng dari 200 nm (Biasomya 100 nm)




Contoh Produk

o CPro]oofis afengan ]oemﬁawa minyaﬁ teremulsi

jemiﬁ dalam air (seﬁ[-nanoemu['szfying)
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ﬁ.
Isolation

process
ﬂnofrogmfo(i’c[
dalam bentuk Andrgai o Isolated andrographolide
Se[ - paniculata plant

o, Formulation
anoemu[sgcymg 1process
@rug @e(i’very I G g
Sy Stem dissolution
Enhance

bioavailability

Fome )

SNEDDS Andrographolide SNEDDS
performance

F @ i UNIVERSITAS
= e

_: INDONESIA




Biosistesis N anoyartiée[ Logam
untuk Kosmetika dan Antibateri




o Fkstrak tanaman mengano(un metabolit
sekunder Sé}?é?’l’i asam fenofi , f[&wonoic[,
alkaloid dan teqoenoiaf yan Ee@(ungsi untuk
reduksi ton merg’adlﬂ pemﬁenmﬁan

nano]oartiﬁe[ memﬁ’ﬁ/[ogam.

e Pada zaman Jom’mitzf, [ogam dan tanaman
d'igunaﬁan untuk mengoﬁati infeﬁsi, temjoi
karena penggunaannya yang acak tanpa
diagnostik yang tepat, banyak kematian

cﬂtfam kasus infeksi m’ngan.

terjadi bahkan




Bio-reduction mechanism

e Silver

— The biochemical reaction of ?lgil\ng reacts with
Jo[cmt broth leads to the formation of ﬂg‘l\fCPs By

fof[owing reaction

Ag"NO; + plant extract — Ag”NPs + byproducts

* Gold

— The Jaroposecf reaction was Au+ ions reduction into
metallic Aue nanoyartic[és in the presence of
metabolites and redox enzymes.

HAu'Cl; - 4H,0 + plant extracts — Au®NPs + byproducts
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e Platinum
— Platinum is involved in the fo[[owing reduction process such as

H,Pt"ClL - 6H,0 + Plant extracts — Pt°NPs + byproducts

. Coyyer
— The chgpjoer nanojoartic[es are syntﬁesizec[ from ]o[cmt extracts
and the reduction mechanism

CuSOy, - 5H,0 + Plant metabolites — Cu”NPs + byproducts

o Zinc oxide

— A ?Joica[ Jorocecfure was em]o[oyecf in ZnoO nan(?oarticfes
pro uction, the zinc nitrate was dissolved in the aloe Jofcmt
extract to jorocfuce the nanosized Joartic[es.

Zmc nitrate + Plant extract — ZnO + byproducts
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e A Bioreduction o

+ + ’ ° " o + Non
- ° hazards By
/ ®  30-60°C, PH4-7 -y products
Plant Biomolecules,

extracts Z metabolites

. ?royosecf mechanism of nanoyarticfe sym‘ﬁesis using
}afcmt extracts.
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Qzljojo[ications of nanoyarm’cfes n Eiotecﬁnofogy

DNA labeling, biosensor,
drug delivery, cancer
therapy, anti-microbial

Anti-cancer,
anti-microbial Biocatalysis

Anti-cancer <—V Metal

Platinum ) CGobber i

nanoparticles \E‘:/—* Anti-microbial

( Silver

\

Zinc oxide
Anti-cancer,
anti-microbial Anti-cancer.
anti-viral molecular imaging
Cosmetics. cancer therapy
coating

%
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leaf
flower .11 E ’ fruit
peel
stem \ .': ’) seeds
root B~
,\(‘x\,g:—",\
Plant extract Metal ion
Extract from any solution solution
part of plant

- Metal ion

Phyto chemicals

\ (Reducing/ capping/
stabilizing agents)

‘ NPs with Phyto chemicals

Mekanisme green sintesis nanoyartiﬁef
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Larutan HAuCl,

— Ekstrak daun tin

Nanopartikel Emas
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. Nanoyartiﬁef emas dari ekstrak daun tin

Krim Serum




e Serum nano]oartiﬁef emas dari ekstrak lidah Euaya




CProsyeE Pen emﬁangan
Nanotekno ogi dari
Bahan Alam ‘Keafejacm
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‘Biosintesis Q\fancyaartiﬁe[ Logam
Seﬁagai ﬂ[tematlf Pencarian
Antibiotika




e Karena menin ﬁatnya resistensi bakteri
terﬁaa[ajo antig’otiﬁa, yengemﬁangan
aﬁ“ematyf me [ijouti:

— penemuan antibiotik genemsi baru
— terapi kombinasi (Joemﬁentuﬁan Eomjo[eﬁs)

— senyawa antibakteri alami goejotic[a, ekstrak
mnamcm)

— sistem nanojoartiﬁe[




Table 1 - The synergy of plant-based NP and antibiotic for antibacterial activity.

Nano particle

Source of reducing agent

Combination of antibiotic

Targeted bacteria

Ag NP

Ag NP

Ag NP

Ag NP
Ag NP

Ag NP

Corn leaf waste of Zea mays
extract

Gum kondagogu

Flower broth of Tagetes
erecta

Adiantum philippense extract
Leaf extracts of Ficus virens

Cassia roxburghii leaf extract

Kanamycin and rifampicin

Ciprofloxacin, streptomycin, and
gentamicin

Commercial antibiotics(15)

Amoxicillin
streptomycin

Ampicillin, polymyxin,
gentamicin, chloramphenicol,
penicillin-G, amikacin,
tetracycline, cephalothin,
amoxiclav, cefpirome, clotrimazole

Bacillus cereus ATCC 13061 19115,
Escherichia coli ATCC 43890, Staphylococcus
aureus ATCC 49444, Listeria monocytogenes
ATCC, and Salmonella Typhimurium ATCC
43174

Gram-positive (Staphylococcus
aureus25923, Staphylococcus aureus 49834)
and Gram-negative (E. coli 25922,
Pseudomonas aeruginosa 27853)

Gram positive (Staphylococcus aureus and
Bacillus cereus), Gram negative (E. coli and
Pseudomonas aeruginosa) bacteria

MRSA

Gram-positive (Bacillus subtilis,
Staphylococcus epidermidis, Enterococcus
faecalis) and three gram-negative
(Klebsiella pneumoniae, Vibrio cholera and
Vibrio vulnificus)

Gram-positive bacteria (S. aureus and B.
cereus) and Gram-negative bacteria (E. coli
and P. aeruginosa)
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Solid SNEDDS

[

/ ~ 7/ /
Surfactant Co-surfactant W
L-SNEDDS S-SNEDDS

2 —>

In vitro dissolution
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ﬂy]aﬁcaﬁons 0 nanotecﬁnofogy
in Cultural em’mge

. Wﬁy we should use

nano]oarticfes in restoration?

. fxam]o [e:

— for consolidation of stone
materials, there is the need of
small Joartic[es in order to achieve
a cfee]oer Joenetmtion



o Pembersihan [ukisan c{i’mﬁ’ng o&zngcm teﬁnofogi SNE

- s : = '
' T - - - 5
) ‘

- CBagicm (ukisan Masaccio dan Masolino di Brancacci
Cﬁapef, Florence

— Kanan: setelah dibersihkan c{énéqan mikroemulsi (awal
penggunaan mikroemulsi untu Joemﬁersiﬁ [ukisan)
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The arcﬁaeofogica[

walls of a pre-ﬂ-ﬁispanic
city comp&ex under
threat of
biodeterioration.

Red  marks show
aesthetical and

discoloration cfamage.
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Terima kasih




