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WHAT IS NANOTECHNOLOGY?

* 1 millimeter = 1,000 micrometers; 
1 micrometer = 1,000 nanometers
Source: "Nanotech: The Tiny Revolution" by CMP Científica (November 2001)

Structures 
(e.g.materials)

Devices 
(e.g. sensors)

Systems 
(e.g. NEMS)

Nanotechnology is the 
manipulation of matter at 

the nanometer* scale to 
create novel structures, 

devices and systems.
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Efek Ukuran pada Sifat-sifat Material

Mengapa reduksi ukuran material dalam skala nanometer
menjadi begitu penting?

Sifat-sifat material yang meliputi sifat fisis, kimiawi, 
maupun biologi berubah begitu dramatis ketika dimensi

material masuk ke dalam skala nanometer.



• Para ilmuwan percaya bahwa setiap sifat memiliki
“skala panjang kritis”.

• Ketika dimensi material lebih kecil dari panjang
kritis tersebut maka sifat-sifat fisis fundamental
mulai berubah.
• Sebagai contoh, nanopartikel tembaga yang

memiliki diameter 6 nm memperlihatkan
kekerasan lima kali lebih besar daripada
tembaga ukuran besar (bulk).

• Contoh lain, keramik yang umumnya kita kenal
mudah pecah dapat dibuat menjadi fleksibel jika
ukuran bulir (grain) direduksi ke dalam orde
nanometer.
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HOW SMALL

Nanobatteries are 200 nm 
in diameter

2 billion could fit on the 
surface of a nickel

™

../../../LBBDS%20&%20Product%20Development/UNAND/How%20Small%20is%20a%20Nanoparticle.mp4
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Dimensions of Nanotechnology 

Source: Jain NK, Pharmaceutical Nanotechnology, 2007
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Prospek Nanoteknologi untuk
Pengembangan Obat dari
bahan Alam

SNE Propolis

Nanopartikel
Emas



PILAR INDUSTRI FARMASI 2025
KEMANDIRIAN SEDIAAN FARMASI DAN BAHAN BAKU FARMASI

Peningkatan ekspor & substitusi impor:
Meningkatkan devisa

JKN & KIS:
Ketersediaan, Keterjangkauan, Akses

INDUSTRI FARMASI INDONESIA SEBAGAI INDUSTRI STRATEGIS NASIONAL

Skala Ekonomi

MISI
1. Memenuhi kebutuhan pasar obat dan pengobatan, termasuk kebutuhan JKN dan KIS
2. Meningkatkan devisa, dengan meningkatkan ekspor dan substiitusi impor.
3. Untuk menguasai teknologi farmasi, termasuk R&D memaksimalkan potensi

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

Pasokan Bahan Baku

Penguasaan Teknologi

Regulasi dan Insentif

Dukungan Investasi

Kualitas dan Kuantitas SDM

Bio-Pharma Chem-APINaturalVaccines

MENUJU INDUSTRI FARMASI YANG TERINTEGRASI



MENGAPA PERLU MENGEMBANGKAN INDUSTRI FARMASI DAN 
INDUSTRI JAMU

Ketersediaan, 
Kemandirian, 

Ketahanan Pengobatan
Menghemat

Biaya Pengobatan

Menguasai Teknologi
Kefarmasian/Kesehatan  
dengan value chain

Potensi Kekayaan Indonesia
Untuk Pengobatan

Menghemat
Devisa

Kontribusi Industri ke 
GDP & Perekonomian

Masyarakat

Aspek Sosial

Aspek Teknologi

Aspek Ekonomi

Keamanan, 
keselamatan 

dan/atau 
kesehatan

Kementerian Kesehatan
Republik Indonesia



• Kelarutan obat dalam air merupakan sifat fundamental
yang berperanan dalam absorpsi obat setelah pemberian

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

• Biopharmaceutics classification system (BCS) merupakan
suatu klasisikasi saintifik dari obat berdasarkan kelarutan
dalam air dan permeabilitas intestinal yang berhubungan
dengan disolusi in vitro dan ketersediaan hayati in vivo dari
produk obat.
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Teknologi nanopartikel dalam farmasetika untuk
meningkatkan kelarutan obat
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BCS Classification of Drug Substances
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Are biopharmaceutical properties
limiting drug development?
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Why consider lipid-based
formulations (LBF)?

To improve the solubility of poorly 
water-soluble NCE (BCS 2 and 4) 



Keuntungan LBF
• LBF melarutkan obat dalam pembawa minyak

– Absorpsi obat lebiih baik dibandingkan formulasi konvesional
• Absoprsi melewati sistem limfatik (menghindari peristiwa

metabolisme)

– Mengurangi keterbatasana selama di saluran cerna yang 
berkaitan dengan kelautan
• Mengurangi pengaruh makanan

– Mengurangi biaya dan kompleksitas dalam pengembangan
obat
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Lipid-based systems as a 
promising approach for enhancing 

the solubility and bioavailability 
of poorly water-soluble drugs



• Absoprsi obat pada LBF tergantung pada:
– Ukuran partikel
– Tingkatan emulsifikasi
– Kecepatan dispersi
– Presipitasi obat setelah pendispersian

• LBF meliputi:
– Larutan minyak atau suspensi
– Emulsi
– Self-micro or self nano emulsifying drug delivery

systems (SMEDDS/SNEDDS)
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Examples of LBF on the market



Marketed Products
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Sistem mikro/nanoemulsi
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Nanopartikel dapat dibuat melalui dua cara yaitu pengecilan ukuran 

partikel dan presipitasi. Pengecilan ukuran partikel disebut juga breaking-down 

process. Melalui metode ini material yang akan dibuat menjadi nanopartikel diberi 

tekanan yang mampu memecah material menjadi partikel berukuran nanometer.  

Presipitasi dari larutan atau building-up process merupakan metode 

pembuatan nanopartikel melalui kondensasi atau koagulasi partikel di dalam 

larutan. Metode ini memerlukan laju desolubilisasi yang tinggi agar nanopartikel 

yang terbentuk tidak memiliki tendensi aglomerasi (Millotti dan Bernkop 

Schnurch, 2009 cit Wulandari, 2013).  

 
6. Nanoemulsi 

Nanoemulsi merupakan emulsi berukuran submikron sebagai pembawa 

obat untuk meningkatkan pengiriman agen terapi. Nanoemulsi adalah sistem 

isotropik termodinamika stabil di mana dua cairan bercampur (air dan minyak) 

dicampur untuk membentuk fase tunggal melalui suatu surfaktan yang sesuai atau 

campuran dengan diameter tetesan kira-kira di kisaran 20-200 nm (Kamble dkk., 

2013). Sistem nanoemulsi dapat dilihat pada gambar 3. 

 

 

 Hydrophilic 
 phase 

 

 

 Ko-surfaktan Ko-surfaktan 

  Surfaktan 

 

 

      Gambar 3. Sistem nanoemulsi  

    
 
 Hydrophopic 
    phase 
 
 



• SNEDDS merupakan campuran isotropik
dengan pembawa minyak (minyak, surfaktan
dan kosurfaktan) dan obat yang membentuk
suatu larutan yang jernih (nonoemulsi) yang
terbentuk secara spontan (self-emulsifying)
saat diteteskan ke dalam air dengan sedikit
pengadukan.

• Nanoemulsi (NE) teridiri dari tetesan yang 
sangat halus dengan ukuran tetesan (droplet) 
kurang dari 200 nm (biasanya 100 nm)
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• Propolis dengan pembawa minyak teremulsi
jernih dalam air (self-nanoemulsifying)

Contoh Produk
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FOTO PRODUK 
 

 

 
Sebelum diteteskan ke dalam air Saat penetesan ke dalam air 

 
Setelah dieteskan ke dalam air, produk jernih 

 
 
 
 

FOTO PRODUK 
 

 

 
Sebelum diteteskan ke dalam air Saat penetesan ke dalam air 

 
Setelah dieteskan ke dalam air, produk jernih 

 
 
 
 

Perbedaan?
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Andrografolid
dalam bentuk
Self-
Nanoemulsifying 
Drug Delivery 
System
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Biosistesis Nanopartikel Logam
untuk Kosmetika dan Antibateri



• Ekstrak tanaman mengandung metabolit
sekunder seperti asam fenolik, flavonoid,
alkaloid dan terpenoid yang berfungsi untuk
reduksi ion menjadi pembentukan
nanopartikel metalik/logam.

• Pada zaman primitif, logam dan tanaman
digunakan untuk mengobati infeksi, tetapi
karena penggunaannya yang acak tanpa
diagnostik yang tepat, banyak kematian
terjadi bahkan dalam kasus infeksi ringan.
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Bio-reduction mechanism
• Silver

– The biochemical reaction of AgNO3 reacts with
plant broth leads to the formation of AgNPs by
following reaction

• Gold
– The proposed reaction was Au+ ions reduction into

metallic Auo nanoparticles in the presence of
metabolites and redox enzymes.



• Platinum
– Platinum is involved in the following reduction process such as

• Copper
– The copper nanoparticles are synthesized from plant extracts

and the reduction mechanism

• Zinc oxide
– A typical procedure was employed in ZnO nanoparticles

production, the zinc nitrate was dissolved in the aloe plant
extract to produce the nanosized particles.



• Proposed mechanism of nanoparticle synthesis using
plant extracts.



Applications of nanoparticles in biotechnology
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Asian Journal of Pharmaceutical Sciences 15 (2020) 42–59 49 

Fig. 4 – Green synthesis of metal and metal oxide NPs with elucidation of synthetic mechanism. 

Fig. 5 – Antibacterial mechanisms of inorganic NPs. 

results in weak antimicrobial activity. Therefore, metal ion 
release contribution to antibacterial activity may not be the 
dominant mechanism for bacterial inhibition. 

For example, the metal ion release from Cu based NPs is 
253 times more than that of ion release from Ag-NPs. This is 
attributed to higher oxidation states of Cu than Ag. If metal 
ion release plays a key role in killing bacteria, Cu 2 + is expected 
to exhibit higher antibacterial activity than Ag-NPs. Neverthe- 
less, Ag-NPs have been more ef!cient in bacterial growth in- 
hibition than Cu-NPs [103] . 

There have been con"icting reports in the literature on 
dominant mechanism with metal ion release and reactive 
oxygen species. Some reports have claimed that the domi- 

nant mechanism for bacterial inhibition is metal ion release, 
whereas, other studies have demonstrated alternative mech- 
anisms for the same NPs [104] . These con"icting studies em- 
phasize the importance of absolute evaluation of each type of 
NP under standardized testing conditions. 

According to the guidelines of World Health Organization 
(WHO), the presence of metal ions; Zn, Ag, and Cu at con- 
centrations 3 mg, 0.1 mg, and 2–3 mg respectively per day is 
acceptable for adults [105] . If the metal ion consumption is 
more than the therapeutic dose, it could be harmful to human 
health as it exhibits adverse effects on normal cells. Unfortu- 
nately, proteomics investigation of toxicity for NPs is rare to 
evaluate the toxic effect of NPs. In order to reduce the metal 
ion release and/ or slow release from metal and metal oxide 
NPs, there have been many attempts such as introducing bio- 
compatible capping or stabilizing agents or employing core- 
shell and doped NPs for controlled release, or preparation of 
composites with inorganic/ organic compounds. These strate- 
gies may aid in enhanced antibacterial activity with low toxi- 
city [98,106] . 
5.2. Reactive oxygen species 
Toxicity of nanomaterials can be mainly attributed to the 
production of reactive oxygen species (ROS) that inhibits 
bacterial growth by restricting amino acid synthesis, lipid 
peroxidation and DNA replication [107] . The production and 
liberation of ROS in bacterial cells are balanced under normal 
conditions [102] . In contrast, in the presence of NPs, excessive 
production of ROS leads to an unbalanced state, which results 
in oxidative stress, creating damage to the basic individual 

Mekanisme green sintesis nanopartikel



33

Figure 2.
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Figure 2.
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Figure 2.
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Ekstrak daun tin

Larutan HAuCl4

Nanopartikel Emas



• Nanopartikel emas dari ekstrak daun tin
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Krim Serum



• Serum nanopartikel emas dari ekstrak lidah buaya
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Prospek Pengembangan
Nanoteknologi dari
Bahan Alam Kedepan
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Biosintesis Nanopartikel Logam
sebagai Alternatif Pencarian
Antibiotika

Page 37



• Karena meningkatnya resistensi bakteri
terhadap antibiotika, pengembangan
alternatif meliputi:
– penemuan antibiotik generasi baru
– terapi kombinasi (pembentukan kompleks)
– senyawa antibakteri alami (peptida, ekstrak

tanaman)
– sistem nanopartikel
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52 Asian Journal of Pharmaceutical Sciences 15 (2020) 42–59 
Table 1 – The synergy of plant-based NP and antibiotic for antibacterial activity. 
Nano particle Source of reducing agent Combination of antibiotic Targeted bacteria Ref 
Ag NP Corn leaf waste of Zea mays 

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

[139] 

Ag NP Gum kondagogu Cipro!oxacin, streptomycin, and 
gentamicin Gram-positive ( Staphylococcus 

aureus 25923, Staphylococcus aureus 49834) 
and Gram-negative ( E. coli 25922, 
Pseudomonas aeruginosa 27853) 

[140] 
Ag NP Flower broth of Tagetes 

erecta Commercial antibiotics(15) Gram positive ( Staphylococcus aureus and 
Bacillus cereus ), Gram negative ( E. coli and 
Pseudomonas aeruginosa ) bacteria 

[141] 
Ag NP Adiantum philippense extract Amoxicillin MRSA [142] 
Ag NP Leaf extracts of Ficus virens streptomycin Gram-positive ( Bacillus subtilis, 

Staphylococcus epidermidis, Enterococcus 
faecalis ) and three gram-negative 
( Klebsiella pneumoniae, Vibrio cholera and 
Vibrio vulni!cus ) 

[143] 

Ag NP Cassia roxburghii leaf extract Ampicillin, polymyxin, 
gentamicin, chloramphenicol, 
penicillin-G, amikacin, 
tetracycline, cephalothin, 
amoxiclav, cefpirome, clotrimazole 

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

[144] 

Ag NP Citrullus lanatus rind extract Kanamycin, rifampicin Bacillus cereus, E. coli, Listeria 
monocytogenes, S. aureus, S. typhi [145] 

Ag NP Dioscorea bulbifera tuber 
extract beta-lactam (piperacillin) and 

macrolide (erythromycin) A. baumannii [120] 
Ag NP Eichhornia crassipes vancomycin, penicillin, 

streptomycin and tetracycline E. coli, S. aureus, K. pneumonia, enterococcus [146] 
Ag NP Silky hairs of corn aqueous 

extract Kanamycin and rifampicin E. coli , S. aureus [147] 
Ag NP Leaf extract of Typha 

angustifolia Gentamicin, cefotaxime, 
meropenem E. coli , K. pneumoniae [148] 

Ag NP 
(Citrate-capped) Allium sativum Cephalothin, cefazolin, 

chloramphenicol M. luteus, Bacillus subtilis, P. aeruginosa, E. 
coli [149] 

Au NP Aqueous extracts of outer 
oriental melon peel (OMP) 
and peach 

Kanamycin and rifampicin E. coli , S. aureus [150] 
Starch NP Corn starch powder Penicillin and/or streptomycin Streptococcus pyrogenes [151] 
Cu NP Green tea ( Camellia sinensis ) 

and β-cyclodextrin Ampicillin, amoxicillin, 
gentamicin and cipro!oxacin E. coli (Gram negative rods), S. typhi (Gram 

negative rods), Micrococcus luteus (Gram 
positive cocci) and Streptococcus mutans 

[152] 

9. De!ciency in current research 
Though green NPs as antibiotic carriers ful"ll the needs of ef- 
fective antimicrobials, it is essential to overcome some pitfalls 
associated with them. At present, though many types of green 
NPs are synthesized through various sources, only limited 
data is available on clinical applications and toxicity restricts 
NPs and nano-antibiotics to enter the mainstream of antibi- 
otic pipeline as a new class. Though some bio-nanoantibiotics 
have proven their performance in vitro and in experimental 
animal models with respect to pharmacodynamics, pharma- 
cokinetics and toxicity, evidences from well-designed in vivo 
assays and clinical trials are inadequate with many unan- 
swered questions on neurotoxicity, genotoxicity, and cytotox- 
icity. Thus, in vivo assays and clinical trials must be performed 
on every nano-antibiotic to assess toxicity associated, site- 
speci"c drug delivery, preterm drug release, elimination, and 
stability study. 

Controlled release analysis of nano-antibiotics is not in 
serious focus comparing to in cancer therapy. But, it is 
paramount in this case as people are in death zone due to in- 
fections after surgeries. A comparative study is mandatory for 
every type of nanoparticle (through all methods) against each 
type of microbe to get an analysis of drug loading ef"ciency, 
site-speci"c delivery, safety, and toxicity associated. This com- 
parative study helps health professionals pick the appropriate 
NP for effective antibacterial activity. 

10. Future perspective of 
bio-nanotechnological combinations 
Through observing Tables 1 and 2 , it can be acclaimed that 
there is only a few researches focused on antibiotics loaded 
with bio mediated NPs, and majority of reports are in com- 
bination with Ag-NPs. There is many more metallic NPs syn- 



Solid SNEDDS
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• Why we should use 
nanoparticles in restoration?

• Example: 
– for consolidation of stone 

materials, there is the need of 
small particles in order to achieve 
a deeper penetration
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Applications of nanotechnology
in Cultural Heritage



• Pembersihan lukisan dinding dengan teknologi SNE

– Bagian lukisan Masaccio dan Masolino di Brancacci
Chapel, Florence

– Kanan: setelah dibersihkan dengan mikroemulsi (awal
penggunaan mikroemulsi untuk pembersih lukisan)
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The archaeological
walls of a pre-Hispanic
city complex under
threat of
biodeterioration.
Red marks show
aesthetical and
discoloration damage.

Nanopartikel Perak



Terima kasih
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