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# Applications of Nanotechnology

For oral
delivery

Nano Medicine

Therapy

Imaging
Diagnosis

«?5’““

fo

» Functional ingredient delivery
» Food quality improvement
» Active food packaging
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# Nanocarrier: Smart technology for Beauty & Wellness

Nanotope Liposome

Application of nanocarriers in

Nano Delivery System various fields

o Topical delivery system o Biomedical
o Transdermal delivery system o Cosmetic & Pharmaceutics

o Oral delivery system o Food & Agricultural

Nanocarrier

o Different types of nanoparticles
o Encapsulation technology




Active compounds

Why do we need encapsulation technology?

(e.g., DNA, mRNA, siRNA, protein)

Advantages :

mechanism of action and high
specificity

Limitations :

* Low stability in vivo

* Rapid extracellular host clearance

* Poor penetrate cell membranes
due to due to the negative charge,
high molecular mass, and
hydrophilicity

(e.g., cisplatin, doxorubicin)

Advantages :

therapize and treatment for illness
Limitations :

* Low water solubility
 Degradation extreme conditions
during digestion/injection (pH

changes and gastric acids)
* Some not specific tissue sites or
cells

(e.g. Black Galingale, Centella asiatica)

Advantages :
therapize and treatment for illness
Limitations :

* Low water solubility

* High volatility

* Poor stability and bioavailability
* Susceptible to oxidation

* Undesirable taste and flavor

\ .
Biopharmaceutics Drugs Herbs




Advantages of encapsulation technology

Active

TG Encapsulation technology

Shell

Encapsulated thickness

material

Enclosing of active
components inside
nanometer-sized
shells or capsules s

Biopharmaceutics

o

Chemical drugs
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Polymeric
nanoparticles

Lipid nanoparticles
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Metal nanoparticle

Non-metallic
nanoparticles

Herbs
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- Enhance skin
i .' penetration
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-% . & Masking odor (smelly
.‘ .. substances)
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1-. A Reduced incompatibility
¢ (polarity)

Prolong action (Controlled and sustained

release)

Enhance stability of active substance

(sensitive compound, easy to be oxidized)



Approaches to deliver active ingredients: Nanocarriers

Nanocarriers

Polymeric
nanoparticles

Nanocapsules

Nanodrimers

Nanogels

Lipid

Metallic

nanoparticles

Nanovesicles:
liposomes,
transethosome
Nanoemulsion
Partculates: SLNs, NLCs

Liposomes

SLNs NLCs )

nanoparticles

W
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Non-metalic
nanoparticles

Sulfur
nanoparticles - :

Carbon
nanotubes

Quantum dot




Our works

e 1. Vaccine delivery
N2

W Lipid .
nanoparticles

For oral
delivery
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" Nano Medicine
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Biopharmaceutics
(e.g., mRNA, peptide)

%

Drugs
(e.g., cisplatin, doxorubicin)

supplements
Herbs

(e.g. Black Galingale, Centella asiatica)
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Our works

Applications

aosssocosue, 2. Cosmetics
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Cosmetics : Transdermal

Skin layers

o Barriers to transdermal drug delivery
epidermis
eploenms{ @m)
] * Complex, multilayered structure
el e * Small pore size
. « Highly hydrophobic outer layer
* Relatively hydrophilic inner layer
SUBCUTIS | \ ’
|
Limited Permeability
/ ,' Transdermal
/’ N ;  Advantages:
o,  -Notorless invasive
% ; - Ease on application
R od srn i ARG - Self-administration
o /. - First pass metabolism avoidance
= 4 - Various dosage forms and methods
T - May reduce the frequency of administration

Disadvantages:

- May cause skin irritation at the application site

- Limited to suitable drugs , .

- Plasma level may be achieved slowly ‘ H\H” w “o Skm B s s s o s T y
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NLC
Micelle
Niosome

Liposome
Nanoemulsion

Standardization

Safety & Efficacy
Nano-Characterization

ﬁ\l
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ahwOdNDPE

Enhance skin penetration

Prolong action (Controlled and slow release )
Reduced incompatibility (polarity)

Masking odor (smelly substances)

Enhance stability of active substance
(sensitive compound, easy to be oxidized)
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Reconstructed skin model

Anti-ageing

‘ Reduced DNA damage

o X

endoge! noulﬁ-g jalactocidase
@ SA-B-gal

‘Reduced senescent cells
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Anti-inflammation




PRODUCTS: Black Ginger (BG)-139

¢ . Powerful anti aging active ingredient from Thai black ginger

Anti-cellular aging 1.23x
Collagen stimulating 4.3x
Antioxidant 1x

Anti-inflammation 2X




PRODUCTS: B-Gold formula for anti-aging product

14553 + 0.35
162,63 + 0.98

In vitro testing and characterizations

Yellow paste

Nano-BG139
e Anti-inflammation

* Inhibition of UV induced
inflammation and skin
ageing

Preventizn of‘collégen
degradat

0217 + 002 581 + 0.01 \
0.232 + 0.01 5.93 + 005 ‘ 74.16 %

Can be added to a formUlation at < AOOC Anti_ageing Skin care products
Easy to incorporate

Disperse in water

pH 4 -7

Recommended dose: 1 - 5%



PRODUCTS: B-Gold formula for anti-aging product

Collagen I/Actin/Nucleus

Fibrillin 1/Nucleus

Ex. vivo model efficacy evaluation

Enhanced collagen production
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PRODUCTS: B-Gold formula for anti-aging product

Clinical Irritation test Clinical efficacy evaluation

(Nano-BG139=0.2%w/w;N=30;before/after measurement) 28 days

B-gold formula

MEnhanced skin hydration

MProvided a firmer and more elastic and younger sk /Jr '

VIPassed skin irritation in skin

__.,.,.-F'" —
32 subjects (Female 30 + M Provided a smoother skifj ' F3 Sl S
male 2) M Displayed anti-wrin& ﬁ ﬁl o Q u'
ImM=ul




PRODUCTS: B-Gold formula for anti-hairloss product

11375, Jouit, BG nanoemulsion

o

LR A

Nanoemulsion

BG nanoemulsion
» Enhanced VEGF expression in cells.

* Decreased inflammatory cytokine 5-a reductase
IL15 production in cells.

= Control
OBlank
BBG Milky
Ostd. MND
BFinasteride

» Decreased 5-a reductase
expression with similar activity to
Finasteride.

Human 5-a reductase (ng/ml)

0.02% (viv)

0.625% viv 0.625% viv




PRODUCTS: B-Gold formula for anti-hairloss product

In vivo efficacy evaluation

Enhanced Hair length Improved Hair thickness

OPBS buffer
OBlank

mBG Milky

@5% MND solution
05% MND lotion
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BG nanoemulsion
* BG nanoemulsion induces hair growth by increase hair length and hair thickness

* in C57BL/6NJcl mice and its ability was more potent than MND.

Research Team: Dr. Mattaka Khongkow, Dr. Udom Asavapirom, Miss Jaruwan NQNDTEC\l @

. o L : Mahidol Universit
Joothamongkhon and Dr. Prinana Punnakitilashem (Siriraj Hospital) U NSTDO ey ofvedicine i Hospia
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Aspect p Yellow brown paste Formulation
wound healing agent since ancient times in Thailand.
Application > Ha!r Tonic » Can be added to aformulation at<40°C
> Ha!r Sham.p.oo » Easy to incorporate » pH4-7
» Hair Conditioner » disperse in water » Recommended dose: 1-5%

ANTI INFLAMATORY
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S § = c 8
== ® LB Minoxidil S €
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£ 5100 goem o] : | 5§
= 9 Mucilage Extract g 9
5 9 . 5 ¢
= 2 50 Blank_Liponiosome o =
v - )
v g [} MU_Liponiosome ~
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Blank CA

Control CA

Ope/ml  2pg/ml 4 pug/ml 8 ug/ml
Concentrations

extract particle particle

Thai local wisdom is a knowledge and application which has evolved and been passed down through the.

________________________________________ The leaves of Litsea glutinosa have been used as a hair cleaner
shampoo hair tonic and Centella asiatica have been used as
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s | Clinical efficacy testing: (Population: 25 person: Male 12, Female 13, mean ages:
43 years having chronic hair loss, androgenic alopecia types)

- 2% Litzella is able to significantly increase the hair density after 12 weeks of application

- Hair density is increased by 3-5 follicles/cm3 (equal to 5-8% enhancement, p<0.01I)
after 12 weeks of application, when compared to baseline.

- 65% of tested population displays hair density improvement

Videomicroscopy




» Centella asiatica
» Garcinia mangostana
» Syzygium aromaticum

INCI (Active)

Horbal /Va/m//}w&/ gdl‘('él‘

CENTELA

= Anti-oxidant activity
= Anti-inflammatory
= Anti-hyaluronidase activity

= \VVasoactive effect

= |mprove skin health = Prevent hypertension
= Anti-inflammatory = Anti-microbial activity
= Anti-acnes = Anti-cancer

- CLOVEOI

= Broad-spectrum antimicrobial
= Contains insect repellant, antiparasitic
= Provides powerful antioxidant protection

Formulation Application

» Can be added to aformulation at<40°C » Skin Care

» Easytoincorporate (Cream, Serum. Lotion.
» Dispersein aqueous phase Toner)

» pH5-7

» Recommended dose 2-20%
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Herbal /Va/m/?/ba/&/a/ Carrier
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LPS Diclofenac Nanolipoidal

S. aureus

S. epidermidis

A: Nanoformulation
B: Nanolipoidal (NLP)

: 1 Zone of inhibition
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Centella Asiatica

* Enhance human dermal
fibroblasts growth

 Reduce inflammation

* Inhibit inflammation by
Transfersome decreasing TNF-a induced

| enices | swoom | po |
* Promote wound healing

2.0% Centella Asiatica (CA) 80-150 0.15-0.18
Physical appearance Formulation Applicafion |
» Yellow paste » Can be added to a formulation at < 40 C‘> Skin care

» Easy to incorporate

» Disperse in water

» pH4-7

» Recommended dose: 1 - 5%



é{é// ASANCA /| orpariii iy

Wound healing activity

Blank NP

90 ¥
Fibroblast

80
70
60
50
40
30
20
10

24 hrs

% of gap closure
(relative to T0)

Time (hrs)

|
i CA particle promotes wound closure by 10% higher that CA extract (In vitro test on
' human dermal fibroblast for 1-2 day

OUntreated
@0.01% CA
mEBlank NP
@0.01% CA NP
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Tumeric

(Zingiber cassumunar Roxb.) are widely
recognized and well-accepted in local wisdom
of traditional Thai massage because both of
these herbs have essential oil that can
reduces pairj, inflammation and stiffness.

(Curcuma longa L.) and Plai

Aspect | » White opaque colloidal

Formulation

Application

» Addedto aformulation at<40°C
» Soluble in water
» Recommended dose: 5-20%

» Skin Care (Cream, Serum. Lotion)

#/(b‘/'-/}(f/d/f(/f(d L‘a/y ki /0&/{65/%2 Lion

3 #oluo 8 #oluw

3 Hours 8 Hours

130 140

1.03 6

Skin penetration (UM)

Diclofenac LPS Plai-Tumeric
NLC

Essential oil Ctrl

Plai & Turmeric loaded NLC 85 -100 5-7

M Plai&Tumeric NLC have anti-inflammatory efficacy as well as

Diclofinac at 1 mg/ml
M Plai&Tumeric NLC can penetrate deeper than essential oil 60%




Our works

Applications

3. Food
supplements




Oral deliver system
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Advantages: : L) > o
- Avoid pain 4 1\ - ye1.8
- Easy to swallow and convenient B .
- Various dosage forms - o
- Self-administration ' : . .
- High patient compliance Abundant e!'lzymes n GIT MUCOS&[ barrier 1in GIT

\ S e R ST
St PELEBASH G §F & 2% 8

Disadvantages: HEHAH HE EE E R OH H B8R
- Enzymatic degradation ' f E , = , _ : H ! 7 :
- Acidic environment in GIT t ) g8 8.0 B 8 B H Q> B H B

i +" | Bileacids and o4 “ L S Oy Bl S 2 L Kl
- Longer absorption process W\ ¥ ldigestiveenzsymes 8 A _ T Vac Va e
- Plasma level slowly achieved ud 4 fo s 39 B Camina propria %3 “
- First pass metabolism p

350, 20500, 285800, 028850,  L2880.

Gastrointestinal (GI) destruction of labile molecules
Low levels of macromolecular absorption; absorption of drugs may be affected by food in the stomach

Very little control over release of the drug; non-specific delivery site & side effects
Low permeability - mucus, and cellular barriers of the gastrointestinal tract.
Susceptibility to catabolic degradation—>harsh pH (stomach) and digestive enzymes

apObE

Most therapeutic agents usually have very limited oral bioavailability.



NLC
Micelle
Niosome

Liposome
Nanoemulsion

Standardization

Safety & Efficacy
Nano-Characterization

ﬁ\l
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cnemer NS TDE

. Protecting the therapeutic payload
. Enabling targeted delivery
. Enhancing intestinal permeation

. Their unique physicochemical properties due

to their nanoscale size, enabling high surface
area to volume ratio and peculiar interactions
with biological systems.

28
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Non lonic
Surfactant

Bile Salt

OOO Drug molecules e Bile Salt

-~ : Cholesterol

n : phospholipid

Lipid based Nanocarriers for oral deli

= !

ery

Abundant enzymes in GIT

 Bile salt: natural and biocompatible surfactant

that protecting gastric enzymes and
facilitating intestinal absorption

Stability in
Gastroin tinal Fluids

Gastric fluid

Bi
lige

. Non-ionic




Mucosal barrier in GIT

Mucin

HO OH
o

AcNH & -
= NH
= HO OH 4

o
HO

native mucin

it OH OH
synthetic mucin

N ©
AcNHOjO NHAc _ .,
o

Mucoadhesive Nanocarriers for oral delivery

Cationic and/or surface modified
nanocarriers

Mucoadhesive carriers enhances the

contact time to the mucous membrane
and gives sufficient time for

nanocarriers to penetrate and exert the
targeted delivery.

Chitosan-conjugated oleic

. acid
0 /\/
3“\" ti‘ Yi”'/
‘::’1 /;f S
K \ | E; :
} '(r/ ‘(Q;(\\(}ﬁ}\ “) /\.‘
Surfactant-based cationic

Cationic & Mucoadhesive
liposome

Liposome

31
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Active Ingredients

80% gnrianyf
NS=IWI=D1KIS
(pH 1-2.5]

495.

»

Nanocarriers

SRR

60-80%
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Biopharmaceutics

Nanocarrier

Physiochemical characterizations

Z ﬁ—_i
i H
i ‘ I[

Stability testing
(Physical & Chemical)

Transwell insert

Permeable ":
‘ chamber
i. / Cell monolayer
B
Stability testing in Gl track Intestinal Permeation

study in CaCO2 model

="

Product Formulation & Stability Testing

In vitro Intestinal toxicity using 3D-intestinal
model , Efficacy testing

In vivo toxicity, Pharmcokinetic/
bioavailability, tissue distribution study,
efficacy based on intended functional use.

Phase | clinical trial (Functional claim)

R ;; ¢







PRODUCTS: |Black Ginger (BG)-139 nk

Black Ginger (BG)-139

Standardized extracts

3D full-thickness skin tissue model

Methoxyflavone

Nutraceuticals

Anti-oxidant \
Anti-obesity .

activity Anti-Cancer
ADVANTAGES
( Anti-allergenic

Anti-inflammatory ‘

Cardioprotective Anti-Microbial

Anti-mutagenic

:

DISADVANTAGES

Strong lipophilicity
Low water solubility
Low bioavailability

¢ Powerful anti aging active ingredient from Thai black ginger

Cosmeceuticals

Anti-cellular aging 1.23x
Collagen stimulating 4.3x
Antioxidant 1x

Anti-inflammation 2X



PRODUCTS: | Nano-BG nutraceutical formula

Liposomal formulation

—
—_— %
.

Blank-NLC BG100-NLC
(1) (1)

®  Surfactant o oil
¢ Bile salt %°  Drug molecule -

Mi
[2] JEM-2100

Lipid based nanocarriers

Particle size Polydispersity Zetapotential
(nm) index (PdI) (mV)

Blank-NLC (1) 92.50£0.75 0.21x0.02 -24.47%1.03 5.61:0.01
BG100-NLC (1) 99.15+0.09 0.19:0.01 -25.37+0.99 5.68:0.01

Highly stable homogenous spherical nanoparticles



PRODUCTS: | Nano-BG nutraceutical formula

3D intestinal absorption

0 Aplcal side

/—\ Transwell insert

Basolateral side

Filter membrane 3D-intestinal organoids

Non-tox:c to the intestinal organoids Significantly improved intestinal absorption
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extract {2)



PRODUCTS: | Nano-BG nutraceutical formula

Enhanced anti-adipogenesis activity

Control ~ KPextract ~ NLC Blank NLC BG100

Non-differentiated
3T3L-1 cells

Mature adipocytes

'.':f‘é ARt et
Reduced lipid accumulation and inhibited triglyceride production
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Coraposy (NANO-Sorb) NemeTeS"

Nanoencapsulation

Limitations \. .
Non=ionic P O[Sp Bile salt
Conventional herbal product surfactant /<:/'

- Dried herbal

- Crude extract
- Extracted herbal

k * : s Cordycepin

l
Cordycepin-loaded |
2 Biloniosome

+

+ i@ Chitosan '
A

Limitation of herbal medicine

- AN Control laile

(NANO-Sorb)

- Stability vesasaAeylun

- High dose usage

BiloNiosome-core/chitosan-shell

_ LeSS absorption Hybrid Nanocarriers (HNPs) encapsulating Cordycepin




/ (NANO-Sorb) NewoTec!

® Oral administration

- Stability in the gastrointestinal tract

- Increase absorption

- High efficiency
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* Providing both calcium and vitamin D essential for a
bone supplement

WS Xy

o 2. fvdrweduduin WENAT 20 whensznelydRanivng wa. 2522 bl / |

namie Lidunaudumsydyuesnisussiv wienseenuuundniusi . -
as. g5ua urySvaud wazfiuddadsmaasuilu

‘IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEENEEEEEEEEEEESR

“““ R _ ] e * Long stability of nanoparticles and vitamin D,
— gugutuinatulagdusvsa (untuina) ) . ] .
wibeemermiation . | . 3 N suitable to add in functional drink and bevera
Funviuwclundnamaasiazinatuladiukvsia

..IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

5




&
™ 7
a4

Vi I‘ .
§ o S R Y)Y P& « 3 &
‘ | Y f !
DI USHWI
- L ) \ -t - -

an AvalN
Ol ALEHN




NanoMedicine and Veterinary (NMV)
Laboratory

“The Future belongs to the Integrators.”
-Educator Ernest Boyer
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Zingiber cassumunar
 Anti-inflammation

* Enhanced collagen
production

 Anti-oxidation

Curcumin
e Anti-inflammation

* Inhibition of UV
induced inflammation
and skin ageing

 Anti-oxidation
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Andrographolide trom Andregraphis paniculata

120

AD particles were non-toxic to
human cells and were able to
significantly inhibits Nitric
oxide production by 40%
higher that AD extract (In vitro
testing)
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Andrographis paniculata
Medicinat herb

* ‘Anti-inflammation

. Immuﬁ@ﬁfﬁbster

* Fever and cough relief

Anti-inflammation > )
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