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& LPE

LIQUID PURIFICATION ENGINEERING

= LIQUID PURIFICATION ENGINEERING INTERNATIONAL CO., LTD.

LPE, was founded in 1992, provides the latest technology system which serves
a valuable for customer needs and conforms with their regulations.

Products & Services

o Purified water generation system

o HS Purified water generation system

o Membrane based WFI

o Soften water system by Nano filtration
o PW/WFI storage tank and distribution
o Specialty chemical for water system

o Electrolytic ozone system

o Spare parts :
Filter/UV/UF/RO/EDI/Pump ete.

Certificate

i

TESTING
Mo 0146

Quality Management System
15O 9001 : 2015

° 68/102 Moo 6 T.Saothonghin
A.Bangyai Nonthaburi 11140 &=

Laboratory Management System
ISO/IEC 17025 : 2017

Total Solutions for Sustainable

Water System

o

@ru‘gp Indusiry

Green Industry

S, Tel: (+66) 2903 0810-3 D4
Fax: (+66) 2903 0814

Design, build, installation, and
commissioning

System assessment, validation

Upgrade water system up to
95% recovery

System performance design with
lower energy consumption

Service and maintenance to
lowering replacement cost and
reduce solids wastes

Digitalization monitoring and control
Sustainable System
is
Our Goal for Future

Level 2

Email: info@Ipe.co.th
@& Website: www.Ipe.co.th



AUTO-INFO 1SO 9001:2015

Automation Specialist CERTIFIED

THE AUTO-INFO CO., LTD.

1359 Soi Ladprao 94 (Panjamitr), Ladprao Rd, Plubpla, Wangthonglang, Bangkok 10310
Tel: 0-2934-5410-6 Fax: 0-2934-5417 E-mail: sales@auto-info.co.th www.auto-info.co.th

COMPREHENSIVE BUILDING SOLUTIONS IN YOUR HANDS

Desigo System

Building Management Systems

Open platforms to increase comfort,
amiSe. efficiency, resilience and safety

Room Automation

Controls and operation
units to enhance comfort

and productivity in the room

_ Fielf Devices
;. HVAC product to
l*']:' maximize buildings
efficiency

Cloud & Connectivity
§ Cloud appications & Secure
connectivity for 24/7 Remote access
and digital services
_ . Automation controls and Operations
% BACnet

Powerful controls and systems to optimize
primary automation

I

Building Management Systems (BMS)

Manage any size or complexity of facility operation

The comprehensive Desigo system portfolio comprises everything you need
to turn your buildings into high-performing ones. Discover a complete suite
of cloud applications, building management systems, building automation
controls for primary and room and field devices to improve the operations
of your building at all levels.

Desigo CC
Building Management System

ABT Site |
(Engineeing Tools) | |

DDC-PXC
Automation Controls

Field devices

for complete building efficiency and comfort

Room thermostats
Siemens room thermostats

e feus . _ -
. offer high energy efficiency,
—___ ) " a healthy indoor climate and
~— remote operation for efficient
s . facility management

Variable speed drives

= = The variable speed drives
= B T‘. ]i provide a number of
— - strategies for controlling fans ~ J
i‘-_J -] E and pumps that can achieve
=g TN | ; up to 60% energy savings
“ ‘ - compared toconventional g

control methods

Damper actuators

With OpenAir damper
actuators you'll benefit from

a wide selection of positioning
. forces, control signals,
communication standards -
and add-on options

Sensors

The Symaro sensors offer

precise measurements for

room and duct applications —

throughout the entire lifecycle '_—_"_"
to ensure a healthy and (544 .

productive indoor climate

i s " Valves and actuators
] With Acvatix valves and
3 actuators fulfill any control
g 'y and hydronic requirement
= associated with the generation
= - = L ;J. ¥ distribution and consumption
} 4. ' of heating and cooling

Meters

A precise acquisition and
allocation of the energy
consumption of heating,
cooling and radiators is not
a problem in office buildings
and residential areas with
our meters.

10T Wireless & Cloud Solution

Auto-Info

T™MP MMS CLS
Temperature Mapping Machine Monitor System

. ,,

Compliance Logistic System
[ = o——— e o]
= m = ’ " 2820 = =z

A oeumeormme zir. ar1- 218

Csa A sena I Ui

.)))

SIEMENS "
Wireless Gateway
KNX loT to BACnet IP

Wireless Thread mest
D s Extender

@ ol 1(2567) % | =C =

‘ l 3 ‘ -
Wireless Sensor
(Temperture / Humidity / AQI)

Wireless Sensor
(Temperture / Humidity / AQI)



Unique
Industrial Products

IPS

We are distributor of worldwide well know for quality machinery and equipments of
Pharmaceutical manufacturing with fully complete installation and service provide

Our Products represent are :

) DOMINO

TIJ Printer for Marking and coding & Serialization System, Print and Apply / Labeling Machine

GX150i/ GX350i

Matrix Vision Aggregation Serialization - Inline
(DMA 3000 M-Manual type) Printing Station for Cartons

Mx350i-T Mx350i-S & SP
Automated Print & Apply Labelling Made Easy The easy choice for your labelling

s

e g

Markoprint

TIJ printer For Marking and Coding System

Integra PP108 Integra PP RAZR1 X1 JET HP Integra Quadro Integra Quadro?

> 15/14-15 Moo.5 Tambol Bangrak-Noi, Amphur Muang, Nonthaburi 11000 Tel. : (66) 2194 8702-3
Fex: (66) 2194 8702 E-Mail : info@uipsth.com www.uipsth.com




‘>5|'.6|'i line !:S.Cj‘ Stevanato Group

ASEPTIC PROCESSING
Aseptic processing machine for Washing,

. . . Inspection and leak test machine
tunnel, filling capping machine

MascoGroup

Water system PW, WFI, PSG, Distribution loop.
Infection control, Hot air oven, Aotuclave,

Washing equipment

‘lr E \’I /‘ The automatic glove leak testing system,
SINERGIE Barrier Isolation Technology

High tech, high care

15/14-15 Moo.5 Tambol Bangrak-Noi, Amphur Muang, Nonthaburi 11000 Tel. : (66) 2194 8702-3 - 2
Fex: (66) 2194 8702 E-Mail : info@uipsth.com www.uipsth.com
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1.Extraction tank (Stirred)

BIO CBDEK Co., Ltd. Nl 2B

is your one source for turnkey, GMP-compliant manufacturing solutions for the cannabis extraction industry.
Whether you're processing marijuana or hemp into refined oils, our total solution approach takes
the risk out of startup while optimizing your manufacturing line for long-term growth and success.

- Facility layout and process design
- Solution configurations for phased growth
- All processing equipment, including 3rd- party products matched for quality and capacity
- Documented Standard Operating Procedures (SOPs) for all processing steps
- Equipment installation and training of your labor force
- Manufacturing line commissioning to verify oil output quality
- GMP compliance support
- Formulations expertise

- Ongoing service and support

BIO CBDEK Co.,Ltd. (Head office)
35/25 Moo 10, Latsawai, Lamlukka, Pathumthani, Thailand, 12150
SR otk Tel : +66 870 915 665 Email : phakphum_w@biocbdek.co.th
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Q&E INTERNATIONAL CO., LTD.

QaE

msuUsuauqausundus:uuth (Water System)

nisnaasu llaznsdsuanaqas:uuln (Water System) d@rsuinSounAWIgU
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Afirm Certification

Q&E INTERNATIONAL CO., LTD.

HAS MET ALL REQUIREMENTS FOR NEBB CERTIFIED
STATUS IN THE FOLLOWING DISCIPLINE

Testing, Adjusting and Balancing of Environmental Systems

50

WEOE Gemeam Nt e e Tameem

Digital Tachometer

Digital Clamp Meter

Q&E INTERNATIONAL CO.,LTD
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agliuanenadu (119199 1) edringuuadungy
nanla 4 nau lawn AT (vaccines) wanauuay
nARAYIaNLaen (plasma and blood products)
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FUNFVNUN (biopharmaceuticals) LagNanAN 9N

¢ & -
NNITUNNYV UG (advance therapy medicinal

£ IS

products, ATMPs) 1% imgivuszianslauiesis

q

g1 Tuefnuywdldiunsedsiilaunandaiie

TIPA Journal Vol. 12 No. 1 (2024)

AN5Ue9NULAESNWILSA LU NSEMUBIRaNNIIuN
TAuuyudinedesiulsatany (small pox) wagdl
Fiwunsuiegrenawlalaglaniyagederialany
a 1% v v aa Ao
ANITSEN 20 ANUNINTIA1ULNALULASTIN NN
n1sAnrunAluladALduLeaeNay (recombinant
DNA technology) lng Boyer wag Cohen Tud a.a.
1973 (1) wagwmAdANITAS 19988 g NNAY
(hybridoma technique) Iae Milstein ag Kohler
Tl A.A.1975 (2) (5U7 1) Fedemasioarnunnimii
Tunsidowasimune iy ingvddiuiuen
Y A o aa = A
g¥ringiiauIInmalulad¥inmazisendndn
o o & = A& A a a
wndvimue diulugfesiiludaoudunuuilusiu
(recombinant proteins) wazlululAausaloufiuan
(monoclonal antibodies, abs) (3, 4) Fwndvs e

AksnYedlanA e recombinant human insulin
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ansgawsni (U.S. FDA) Tut a.¢.1982 (5) wagluly WAz IUILINNABN AUNARSUTINITUNNETY
Trauoauaufuaddausnd ldsunissusesie g9 lawn gene therapy, cell therapy Wag tissue
muromonab-CD3 Tull ./1.1986 (6) FLndusia therapy u8naNAIINNITTEUIRTEILIAlATA 19 717
fvteluifunumlunistneilsenndsiuluilagtu TiAamATeuagiauiadulvlegieiliiae i
v W insulin, insulin analogs, interferon, epoetin, ABU LU MRNA vaccines, viral vector vaccines

growth hormone, filgrastim W &g monoclonal

antibodies #14 9
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A13199 1 AUBIUVDIYITIINOVIAUIGINTUAN €] NIUUA (7-10)
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EMA (7) Biological A medicine whose active substance is made by a living organism.
medicine

U.S. FDA  Biological Biological products include a wide range of products such as vaccines,

(8) products, blood and blood components, allergenics, somatic cells, gene therapy,
biologics tissues, and recombinant therapeutic proteins. Biologics can be

composed of sugars, proteins, or nucleic acids or complex combinations

of these substances, or may be living entities such as cells and tissues.

WHO (9)  Biological A diverse group of medicines which includes vaccines, growth factors,
therapeutics, immune modulators, monoclonal antibodies, as well as products derived
biologicals from human blood and plasma. What distinguishes biologicals from

other medicines is that these are generally proteins purified from living

culture systems or from blood.
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A W v & a a ada X a s I
2y, (10) 810G mLLmuﬂﬁ]ﬁ;‘UuﬁmwaGﬁnﬂmmmimaﬂiumumiL‘W%LamqaumwiaLsziaaszjugjﬁ
(eukaryotic cells) nsafinansaIniiedededidinnanud daiuasiy (extraction of
substances from biological tissues including human animal, and plant tissues

s

(allergens)) mpfinRiduLeaena (DNA techniques) nATANTNALA1INUG
(hybridoma techniques) nN1sueneiugauvsdluiisaunialudnd (propagation of
microorganisms in embryo or animals) N15AAANIBLENAINLADALAZTNATAL
(derived from blood and plasma) ienszuiumsduiissuusdsmusiuiulag

Usgmelusaianiuny

EMA: European medicines agency, U.S. FDA: U.S. food and drug administration, WHO: World health organization,

28.: AIUNIUANLATIUNITIMITUAZEN
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1982: Approval of

1997: Approval

2004: EMA Biosimilar 2009: WHO 2013: Thai

1973: rDNA recombinantinsulin of first mAb in framework biosimilar ~ Biosimilar
I oncology ‘ guideline regulation
—@—@® @ @ o —@ o0 0 00—
l [ 2012: US FDA
1975: Hybridoma 1986: Approval 2000; Approval  2006: Approval Biosimilar
technique of first mAb of first ADC of first biosimilar guidance

UM 1: Milestones vasmsimudinduiumiuagnismiugualulediias
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HUYIAN %ﬂm%%lﬂiUﬂqiiUiaﬂﬂqisﬂuwzL‘UEJ‘U

ANSULILINAT 500 5189015 IA8LANILBEN9E

%
[55]

53911190 ./.2018-2022 RTUAFVAUNNTY
neideuluanninglsduavansgowsniuinis
197 598M15 (11) wasTundvsausivanesonisi
9gdnSUnsrunasdamsiangundusdiun
Feuuvueduuuudadene nauiidiendaing
AaneARsvselule®iians (biosimilars) Aol
wnmslunisifugualulediaslaeiuan
European Medicines Agency (EMA) fiLiuanng
mﬁﬁﬁuaua&guwiﬂ A./.2004, DIANITOUNITY

lan (WHO) @.¢.2009, U.S. FDA a.#.2012 (12)

nazUseinelne f.A.2013 (13) (U 1)
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Fandunms (biopharmaceuticals)
Fundviet Aosrdaringiiduiaoy
Tuuuvlusau (recombinant proteins) Talu
Tnaueauoufived uagniniiaasn lasnguildl
unumlunissnualsasie 4 uand ufelulu
Traueauaufived szoziian 10 JAKIuNAT
$1uau mAbs Tilunssusesmstunsdey
wnnIfesas 50 Wl alUssuiisufudands
Fausisziamdu (U 2) (1) Fundusosiliun
IINATLUIUNIING ANIIT 201N
(biomanufacturing process) Tneldiwadadiain
YUIALEN LU QAUNTY Bad Ladily w3owwad
&l \Juwadidrt (host cells) ivinmididu
13991uUNdnR81d1A 1y (drug substance) N3

donviiawadiinUuuiuanaudivesiiey

€

#94n15 a1dendulusiuruiaanideuld

D

Escherichia coli (E. coli) \luwadidntnu vau
lululrausausufivedd udulnalalusiui
luanavuialngdanududouninnindesly
waddniiAsigndieunneg1s Chinese hamster
ovary (CHO) cells 11999710 CHO cells @130
WinnszuunsiawUaddianavedlusiunaanis
neAIW @ (post-translational modifications,

PTMs) LU glycosylation 1g1
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up to 1989 1950-1994

Total percentage of mAb approvals
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1995-1999 2000-2004 2005-2009 2010-2014 2015-2019  2020-June 2022

JUN 2: Sevazvatlululrausaneuivenreilaunsidoulunguinduio (11)

a o = v o & =
MA1919N 2: ﬂmaﬂwmgﬂ@ﬂ%']Lﬂaﬂjﬂm%LLagﬂqLﬂu (14)

AENEAY Yandunoa 8LAdl
f79819 Monoclonal antibody Aspirin
Size ~ 150,000 Da 180 Da
Manufacturing process Bioprocess Chemical synthesis
Structure Complex, structural variations Simple, well-defined
Difficult to fully characterize due to Easy to fully
Characterization
a mixture of related molecules characterize
Stability Sensitive to storage and handlings Relatively stable
Immunogenicity Higher potential Lower potential
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AuANBAzYRId N YA M UTsuTiBURUEN
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Fundvfamidgadnvasfiunndiain
pnailuyndu dausurdsfisnuaznszuaunis
nanTildwadaaddinlunisndnen Tassasnaes
grdaurnlug uazgudauninnlI1g1LAll
Tnamzeridulnalalusuwuulalulaauea
weuRueRTiin1sAn clycosylation fiusvias Fc
(crystallizable fragment) ¥ 93lAS3d S 14
wouRven vinlulaseasvendarnuuususiu

(structural variations/microheterogeneities)

laurnniiead aed ulunisnsiadsy

Upstream process

Expansion

Cultivation &

Cell line creation :
production

o
Y

JUN 3: TunBUNINERTILAFUAMI (FanUasain 15)

NSTUAUNSHANTLNEYAUY (biomanufacturing
process)

nswaRTandusasiUsEneudie 2 Tunou
Na N A® upstream process kag downstream
process (21]‘17{ 3) Tnetunou upstream #alananae
Aswauags T ulaeynsiasuaifinsuiy
\wad (cultivation) Tuanngiwunzaludsufnanl
F101m (bioreactor) \ii ol¥iwad ndnda8100n1
Funou downstream Walandnfemsuenatauay

MilyiuTans (isolation and purification) N3vilw
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Recovery
of protein

[

ARANEEYRILT (characterization) 33d 041435
FiAs19T daududouninniinisngivaey
AMENYMEYRse Al N13USsendlulng
‘V]’]\‘ﬁﬁa@@l,gaﬂﬂor] (intravenous/intravenous
infusion) enflaulaseannzuindey feduly
msifusnudonfuinweigumgiissning 2-
8 pamwalfoa ©151AuE vavi aznTEdy
AdA uAUYRIT19N18 (immunogenicity) 14
urnntenadl saudefunulunisiauigd
wanenafusgsnniflenSeudisutuenad (14)

(mswﬁ 2)

Downstream process

Concentration and
sterile filtration

Purification

il

Isolation &
purification

Formulation,
fill & finish

Tsfufanuusandduliisaedulasmlnngi
(column chromatography) \Jundn 1ilelddeds
AT grEgaudatuneugainefionisiagnasii
(formulation) 1l 8N 1Ws5UB T AILAsA N
wangauLagylisnaandereufiarussqadly

AMurusTYsialy (15)



Wwaad1Uau (host cells) (4)
FUNFUAUNFUTAHEA LA 1N LYRE L
Ununaevila el prokaryotic system 1au E.

.oaA . 1 a6 oA s &
coli %98 eukaryotic system L¥U 8a6 AIDLUAREARN

JAesgnieus (mammalian cells) n1sidonainves
wadi i ututuguandRangvedsiunied
170eN1s ANuLAnAveLYadid T uusazYdn
wandluansedl 3 wardegdundvineifldiuad

WUuetnee 9 waadlunsen 4

A9 3: ANUBANANITENINAAUULFREIAA (4)

Uade wuaiilsy gan LR ILAYS
Ease of grow Nald Y §7n

Ease of recovery gIn Nald Nald

Protein secretion Intracellular  Extracellular Extracellular
Protein folding Sometimes Probably Yes
Glycosylation No Yes (different patterns)  Yes

Protein yield G G A

Cost of media an an L

Risk of contamination 61 i Gy

Prokaryotic system wuadiiseiduteadLs 19 1ui

Tasuanuieulasanizag1984 £ coli w1zt

[
a o

YNIoNTNIsUuEnwLaznlaluag19fvianIu

%
FIINg1veTaa kava 1 unugAans (well-
understood cell biology and genetics) $9u09A1%
selunmsifisasad £ coli wigivlniga delunis
s (scale-up) uazlvinandngs oedlsfiay
TiannsaviliiAaiuseladalndfivunzay 01avh
TilusAuddavnsd esnisavats wasdamninis
Jud euvendulniendu (endotoxin) 910
lipopolysaccharide

Eukaryotic system wwadfildfuanuden fie

yeasts hag mammalian cells @911 2 vilaviliiin

PTMs 16 w6l PTMs #t997199¢ianunansnany wu

Tosnnves E coli Asluamnsavinliiinnng
saudaslutanavedlusiundinisnensia (PTMs)
L% U glycosylation, phosphorylation, proteolytic
processing 1 ufivildluiwaddndid vagnd1oua
faidu £ coli sinazgnuiuldnanlusfufifivunidn
laiFeanns PTMs @ insulin uenanidamau o
fdAna1nnsTd £ coli wiu
?j‘ULLUU‘U’eN‘l?’M']ﬁ (slycoforms) inuyasvesluly
lrauoawsuAuafAe GOF, GIF, G2F, GIF-GlcNAC
uaz GOF-Man (3U7 4)

Yeasts § @6 Lo S UAIMTNT OULY UAY LTU
Saccharomyces cerevisiae (S. cerevisiae) k@ ¥

¥

Pichia pastoris (P. pastoris) Uafveiltaddanse
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drusandniaouTuuuyilUsAun dn1sWuslau hypermannosylation 4 491979z &@9Wan® protein

TA59a374 (folding) Tiwianeau wazviliAn PTMs binding activity az®1avinliiAn immunogenicity
1% wadunslddanssidonninnisld prokaryote 16 vquedl P. pastoris sinviliiin PTMs afinfinde
cells S. cerevisiae a5 i@ ulale 019590157 furesuywdunnilaed vinadiulaieves
annsandnuarnaslusivesninuenwad egaelsh glycan pattern sfnagid u sialic acid (terminally
AU S. cerevisiae YRR PTMs WUU sialylated) (E‘Uﬁ a)

o

L S S

Main N-glycoforms found in human and recombinant Fc

[ = NANA
o ; <{>=NGNA
O =Gal
© = Man
= = GIcNAc
P = Fuc-1,6
< = Fuc-1,3
Hypermannosylation  Hypersialylation (NANA) Ho=Xyl1,2

U 4: Glycoforms Ainudeslu human wag recombinant immunoglobulins (FiaLUasn 16)

A5199 4: MegeTndiudnldeaaantiueingg o (17-19)

INN (Trade name) Host cells Drug target Type First EU (US) approval
Recombinant proteins

Insulin (Humulin) E. coli - Recombinant protein 1982 (1982)

Epoetin (Epogen/Eprex) CHO - Recombinant protein 1989 (1989)

Insulin degludec (Tresiba)  S. cerevisiae Recombinant protein 2013 (2015)

Monoclonal antibodies

Rituximab (MabThera) CHO CD20 Chimeric 1gG1 1998 (1997)
Infliximab (Remicade) Sp2/0 TNF Chimeric 1gG1 1999 (1998)
Trastuzumab (Herceptin) ~ CHO HER2 Humanized I1gG1 2000 (1998)
Adalimumab (Humira) CHO TNF Human IgG1 2003 (2002)
Bevacizumab (Avastin) CHO VEGF Humanized I1gG1 2005 (2004)
Panitumumab (Vectibix) CHO EGFR Human IgG2 2007 (2006)
F}fer;‘t%‘j;umab CHO PD-1 Hurnanized IgG4 2015 (2016)

EGFR: epidermal growth factor receptor, HERZ: human epidermal growth factor receptor 2, PD-1: Programmed

cell death protein 1, TNF: tumor necrosis factor, VEGF: vascular endothelial growth factor

8 TIPA Journal Vol. 12 No. 1 (2024)



Intermediate

Polishing

Viral

Ultrafiltration/
step step filtration Diafittration
To exchange
Protein A Low pH IEC SEC To remove virus huffecand
concentrate
protein
UM 5: Tumaunsvinlulusauuigns

S

SR

F

S50

ol w

lon exchange

Size exclusion

sUN 6: AedNlaTININNTIALUUAN 9 (Faudasain 21)
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miﬁﬂﬂiaﬂﬁu%qwé (protein purification)
Funeumsvilusiuliuians (Uil 5) deuld
wadareduilasuilnns @ Adeuldleun affinity
chromatography, ion-exchange chromatography
wag size exclusion chromatographysns a8 14
nszvunsNanlululaausalauiued (22) wasain
fidsugadluffnsaidanmnuds Fosinisuen
wwadoanlaofuduiiiuresnadlfifieviale
U%@%%@ Tneduneuwsniionin capture step 9%
Sua1nnasld affinity column s protein A resin
fu stationary phase dafianudumizgann g
d7U¥99 Fc ¥93 mAbs @1181509UAU protein A
resin ¢ 2& hydrophobic interactions LagWusy
lalasiau (23) dwlusiudu q 7ilily mAbs fag
groenaNAeduL duneul 2 Fundn
intermediate purification Tnethansazanelusiud
Il urumeduiafindu wWunnsvi ion-exchange
chromatography (IEC) F 191fuAIIULANA 192D
Uiﬁ;ﬁ‘ﬁuﬁn (surface charges) I@ﬂiﬂiauﬁﬁﬂizq
#3990 stationary phase 3zduiuLsTUluADRLL
dnlusiufifivssqmilouduisduazngaeentiain
poduy Tt unoy intermediate 9 9z4 287140
dudeovunie 9 laianiy processrelated
impurities 11 host cell proteins (HCPs), host cell
DNA waza18n1499 product-related impurities 161
8 %umauqmﬁwﬁaﬂ’iﬁ polishing step dauly
LAY A size-exclusion chromatography (SEC) i
ansonenlUsiuiifivunausndnaiusenainiulag
TsAufvunelvgagngaesnanaodutineulysiu
fiflaunidn Gf?umauﬁl,ﬁuéﬂgumauq@ﬁwasuaqmiﬁw
Tusfulivsansiiemdndadovusine 9 vuegly
a15aza1elUsAY 19U aggregates (high molecular
weight proteins, HMWPs)
agslsimuluszrinausiazduney enafinisidnds

Julounoravuanlunssuiuniswdals Wy n1siin
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Tilasai enavud sunnlvungns (vl
inactivation) lagvinlviaisazated pH ogluaaq
Ussuas 3.5 §39evi19 enveloped virus man
gne wievninisnses (filtration n3 e
ultrafiltration/diafiltration) 17 LU& suasazany
YuliosimunzautazinlilusAud anud udu
ity vdsantduaginsdegasimiulaoias
428613 9 (excipients) 7 S8 uii evililusdud
AuAsan T g WaaSwihlius g elaenns
NI8IA LN UNTBIVUIA 0.22 micron (sterile
filtration) feuflazyinisusseaslunvus Unain

Amunzausaly

N19M370UAMANBULVDIT AT U U9l

(characterization) (20, 24)

[

Audnwurug s Lnd Ui et
mdrgluifagTudiulngiiuiaondunuun
TusfuuasTululnaueausufived defuluns
WaLIE1 AITTNITATITADUA NS NYUBNI

(%

Qmmwﬁﬁw &y (quality attributes) (gﬂﬁ 7) &9
AAdNYAIEAN 9 FnsnTaaeuliun AuaulR
n1stAd kazn18n1n (physicochemical
properties) LU aaluana (molecular weight)
A1 pl (isoelectric point) 1AT9&51952AUAY 9|
vodlusiu dauslassadreszduugugd (orimary
structure) kaglAsaa31958A UG (higher order
structures, HOS) A UASY 9 iAgIToeiy
lassasesgaulgundl 19y N15LAA post-
translational modifications mmu?qmﬁfuaz
Fudouusn 9 (purity and impurities) LLazqm‘é

N9TINMVD981 (biological activities) Feluns



A5I9dRUAMANYMEIna1TElTI5 AT 189N

AU ILANA1NYNLAL LABE LTI HI08 9

o

ANy d1AyvedlululAauaaLaUA UDH

aca sala v =i

wazisiasevnileuld wanslunisnei 5
v A d' @ 1
NTeyaNuandlumn1INa 5 iU

ANANYLANN 9 NiFenTivaeuvadlululaauea

a A ) = aa ¢l
LouAUDAl Ay MENYMIE TINDITIATIYIN
v Y = ' aa =
Aodldienaliuinndl 135 nsdvesnimaasy
biological activities Wulufunalnn159angnd
(mechanism of action) ¥auauRvaAIinaln
n1seangndagnsls lunisnaaeulivinnis
NAgoUN duNusAugninInaid asdulunis
WAL HEN LA BINTIVABUAMG N YL VRN
lyinaauAuNAIY wazABNIsUsELTUMET
Auanwurlavetedaudidyuinnin
A, UENWULD U 9 (critical quality attributes,

CQAs) ilofiaglath COAs T

Primary structure

AMA NYELaN1gY8381 (drug product

specification) Nunzay Wiaaglavinisauay

a A

ANAMNEUALUTEAUAMAMNINETHERTAMAN

9

AuavdnnuadnadeluynIunisnan

unagl

<,

Fundussianlngidusnlusiuwasy

Tululraueausuived sninadnwusiunndg
nenadl fnszuaunisadniidutoundineia
T¥aaiTAnlunsnanuagnszuaumslunsuani
wansevinlilulanave s wdnld d a7
wane19iule (microheterogeneity) lagtanny

a

n151AA glycosylation fetulunsiauund

Y a a

AUNENTNAITINTNTIVADUANAN WL N
FOUATU NTIZAMNGNBALHTN 9] YBIUIB1AEINA
sonulasadsuazUssdniainvesenla

(safety and efficacy)

Biological activities

- Amino acid sequence - Binding affinity

- Oxidation - Specific biological activity
- Deamidation - Effector functions

- Truncation/clip b " 7

- N & C-terminal heterogeneity S ‘% V7

- Cofiformation }k - Protein concentr‘alion”
- Disulfide scrambling Hy - Product-related impurities
- Aggregates (HMWPs)
- Process-related impurities
_Post-translational modifications (PTMs) | - Host cell DNA
- Glycosylation (N or O-linked) - Host cell protein
- Site of glycosylation - Media
- Methylation, acetylation - Column leachates

- Phosphorylation, sulfation T e

JUN 7: Audinuaugsng 9 83 mAb
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dl LY ! aaaa
M19199 5: Aauanuaieag 9 989 mAb wagdsnlledldlunisnsiaaeu

Category

Quality attributes

Physicochemical characterization

Analytical methods

Primary structure

Amino acid sequence

LC-MS/MS,
peptide mapping,

amino acid analysis

Higher order structures

Secondary structure
Tertiary structure

Thermodynamic stability

Far-UV CD, FTIR
Near-UV CD, NMR
DSC

Purity/

Product-related variants

%Purity
Charge variants: acidic, basic
variants

N-/C-terminal modifications

SEC-HPLC, CE-SDS
IEC-HPLC

LC-MS

Impurities Product-related impurities
® Aggregates/HMWPs SEC-HPLC, AUC
® Oxidized, deamidated forms RP-HPLC-UV/MS
Process-related impuirities
® Host cell DNA gPCR
® Host cell proteins ELISA, CZE-MS
Quantity Protein concentration Uv280
PTMs Glycosylation HILIC, MS, CE-LIF
Functional characterization
Target binding Specific target binding ELISA, SPR
Receptor binding FcRn binding SPR
SPR

FcyR binding (FcyRla, FeyRlla,
FoyRllb, FoyRllla F158, FoyRllla

V158, FcyRllib)

Biological activities

Proliferation assay
Cytotoxicity assay
ADCC, CDC

Cell-based assays
Cell-based assays

Cell-based assays

TIPA Journal Vol. 12 No. 1 (2024)
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i e Tagtanizanntd olasa 19u
cytomegalovirus  (CMV), influenza virus,
rabies virus, zika virus, respiratory syncytial
virus  (RSV), human metapneumovirus
(hMPV) kaig human immunodeficiency virus
(HIV) Tneviavosiaduiuivsudaiidu non-
amplifying mRNA wag self-amplifying RNA™
AseenuuUTAfY wenaMuN1Se8NLUY
¥ia 1a1eWwug (monovalent) WA 14U
BNT161 (Jasriulsaldninlug)'”

[

fefinseonuuuriaiiannnnii 1 aesug
(bivalent) 1 BNT162b5 (Jasiulsalain-19
aeiuidud wagleluasou) uonandsad
nsAnwiensiddmsudesiulsauinnin 1
Tsatu BNT161/BNT162b2 Hosuldiialsa
lonialug waglain-19 way MRNA-1230
(MRNA-1010 + mRNA-1273 + mRNA-1345)

Josdulanslsalondnlng, 1ain-19 way RSV
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FaTAF U MRNA a1 AndeAnuyiog Ty

= a

N1SANYINIIAGTN LAZAIAIILAINIT

£ a

nsvAunifuiudasiulsalauinni 1 1sa

2. Yadud1ususneilsa (treatment)
Tnganizlsausiss
NNNsENINUNIATUAEIIENTEAUTANTY
¥1n cell-mediated immune response (CMI)
kag humoral immune response (HMI) Wie
ansuzse Ilananivuzsaidaugug d
(primary cancer) LagNgL5I5TELUNTNTLANY
(metastatic cancer) lngq A uiuazvey lu
sruulnaiouladio wazeglauiu aruise
Hostunsinusdeenlase vonarnifuns
TAYIUULANIZIIUUAD §398ann15LAA
915 lsUTEENA oINS TaABee[11]
Tngorauusrinvesiadudmsulsaugisadu
3 qiiagaii 13l

2.1 ¥A4u MRNA 7 8§ 5WaW U5 N55uv0
tumor-specific antigens (TSAs)

%138 MRNA vaccines encoding TSAs tunns
PONLUUTHANUTNTTUUUAY MRNA Lany
579 (personalized) Tnuansyninawadueiss
waziwaaundlusnanie wieenvazisanindu
“personalized neoantigens” L%aﬁqﬁﬂ?uﬁu
Agidandanisianviaauzise lnefinalnnis
yhamutudeafutatu mRNA deillusiufign
dunsigviazgniouleyl proteasome toulit
\Ju peptide Avgnsediu MHC | Wuanioondi
Aalas dwanseAun19vinauves T cell 1gu
MRNA-4157 18 uTAdu mRNA w1z 5189 3
msﬂ’uqmamaq neoantigen 34 wlinlanad

I [

#N155 N LIANLLS RIS (melanoma) @4

(9 |

ANBIYINISANEINIIARTNDY[12-13]

Y



2.2 ¥A4U MRNA 7 G390 aW U5 NITUVD
tumor-associated antigens (TAAs)

%50 MRNA vaccines encoding TAAs t9unns
9ONLUUIHARUTNTINUUAY MRNA Ll 19

k4
Y v ! o 3

nazAunlifuiusena waduzss wasiwadunf
Tus1an1e Tne antigen fildoneonuuutuay
nuInsinsuanseenlulwadugiSwnnniueag
Uﬂﬁvfﬂum'ﬂmmw (differentiation) wag

9

UTu1ad (overexpression) Lael ﬂ%zﬂizjéju

Y o

MHC class | uag Il avdnalvigiiauiuludanis

q
saa

AULYaaNiNIILanNI0aNUDY anticen \ETy
lanannungiSevila ugi59Uen (lung cancer)
warLEL SR melanoma 1w BNT111 tJu
TAG U mRNA ‘I/Tlﬁ melanoma-associated
antigens (MAAs) 143U 4 vl alaun New
York esophageal squamous cell carcinoma
1 (NY-ESO-1), melanoma-associated
antigen A3 (MAGE-A3), tyrosinase & ¢
transmembrane phosphatase with tensin
homology (TPTE) 91nn15@ n¥1919A8 1
nuIirduininuuaende Tlananiungise
Hids melanoma wunAuldu9sIeuasann
luladninduuay dseauves T cell asegdn

sygzamangnault

2.3 3a%u mRNA Aifisanugnssuvasiiade
nseR undA AU (immunostimulatory
factors) #5® mRNA vaccines encoding
immunostimulatory factors

Juniseenuuusianugnssuuuals mRNA
Lﬁwi’amaﬁgmsxﬁu wazdudanIsiaues
wadAsateaiunfiduiu 1dun cytokines,
co-stimulatory licands Wa ¢ co-stimulatory
receptors WU interleukin-2 (IL-2), IL-12 Lag

OXA0L ey BNT131 Wuiadu fidswa

NIFITNAINTENaIMNIT Ui 12 avuil 1 (2567)

WUGNITUVDY IL-2sc, IL15sushi, interferon-
alpha (IFN-alpha) W @ ¢  granulocyte-
macrophage colony-stimulating factor (GM-
CSF) Tngnunanansansedugiiduiule uay
WU cytokine TidAay (14 Interferon gamma-
induced protein 10 kDa; IP10 &g IFN
gamma) waz CD8+ T cell 7 vwaduzise (T
cell infiltration) wSag uviind &idosin
W Aesadiniidu sududedddnaronds
YUNAVDIBIFUNUS A ON1TLN AN Y (dose-
limiting toxicity) @ swad19LAe e sunsiely

syuulnaisulatin a1andndeslalaenisan

a

Auzigalaonse (intratumoral) d9¥aduyinil
gampeAnwIdsANUUaensiY LazUseansnin
folu

Yadu mRNA 195w lsauzs ey 3
AsAne an1sleTad ueg 191 89
(monotherapy) #3814 UNTTNEIA8TD
3u Tneang immune checkpoint inhibitors
(CPIs) Fap19l4¥ATU mRNA Lilot8Lasungns
(adjuvant) w8108 1t gk BsAnRIN
N15AN¥INeAalln LaguuIN1nsgTndu

mMRNA aldsnulsauziSsal

unasy

NNMSANY I8 Uagiimu1auandaeydia
Tanusaldinduriin mRNA Lease wuin
Taduiladddefnareusznis wu aunse
duasziiladne warsansa isndudedd
wasuN15EUATIZI nSoLius I anticen
dwaliiinanudasndey uavnseduniauiu
147 Yagtudsfimsfinwiiiouninduvdadan
Testumsinidonnidelsasig q wnine
§naduwuamienissauilng q Wiy

lsauziSeiidesnisliiensangnivhatsiams
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wasuzse Liflnasewaaunilusianiedneae
nseenuuulasIas1atAdy wavsyuuided
s fdaiaunieudlotasiin
U19U52N159097ATU MRNA Wy n1siAusnen
AsanaIuIans an1ud lun1sliTady
wona Nt lwewAne1avziinisyr fadusiln
mRNA luldiulsadu 9 dsndy Tududnnis
wealuladfiuraule Wuanundsliivienis

unglasLndunssu
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Oral liquid formulations with Natrosol™ 250 hydroxyethylcellulose

(Seema Singh, Ajay Kumar Dantuluri, and N.Ramachandra Rao Ashland Speciality Ingredients)

Natrosol™ 250 hydroxyethylcellulose (HEC) is a no
medicinal formulations due to its thickening and viscosit
to the cellulose ether family. Unlike sodium CMC, Natro

compatible with high concentrations of other solutes su
HEC remains soluble in both cold and hot water and doe
temperatures.

grades and typical properties for Natrosol™ 250 hydroxyethylcellulose

Brookfield Viscosity*

Grade Weight average Brookfield LVF viscosity Solution EP viscosity label** at 10 s
molecular weight (Da) at 25°C, mPa.s concentration and 25°C (mPa.s in 2% solution)

Natrosol™ 250 L Pharm 90,000 75-150 5% 9.5 (at 100 s?)

Natrosol™ 250 G Pharm 300,000 250-400 2% 295

Natrosol™ 250 M Pharm 720,000 4,500-6,500 2% 4,400

Natrosol™ 250 H Pharm 1,000,000 1,500-2,500 1% 8,500

Natrosol™ 250 HX Pharm 1,000,000 1,500-2,500 1% 8,500

Natrosol™ 250 HHX Pharm 1,300,000 3,500-5,500 1% 14,500

*Brookfield LV viscosity at 25°C, mPa-s, according to the Ashland method; **EP viscosity label based on the EP viscosity method. EP viscosity range 75- 140% of the value stated on
the label (NF viscosity range 50 - 150% of the value stated on the label).

Natrosol™ 250 Pharm grades HEC, when dissolved in water, give clear, smooth, non-thixotropic solutions.
However, like many water-soluble polymers, the particles of HEC tend to form lumps when first mixed with water,
depending on factors, such as the viscosity grade of the HEC and the rate of its addition to the water. To overcome
this lumping issues, Ashland (the manufacturer) suggests following methods:
1. Add the Natrosol™ 250 Pharm HEC slowly into the vortex of vigorously agitated water. The agitation should
continue until all the swollen or gelatinized particles are dissolved.
2. Pre-wet Natrosol™ 250 Pharm HEC with a water-miscible organic liquid, such as ethyl alcohol,
propylene glycol, or glycerin before adding it to the water.
3. Blend Natrosol™ 250 Pharm HEC with other dry components in the formulation can also improve the
solution rate.
Although Natrosol™ 250 HEC is more resistant to microbiological degradation than are natural gums and colloids,
it is recommended that a preservative be added if solutions are to be stored.

e Wide ranging viscosities can be achieved by selecting appropriate concentration and molecular weight grade
of Natrosol™ 250 Pharm HEC.

e Effect of shear rate — aqueous solutions of Natrosol™ 250 Pharm HEC exhibits shear-thinning behavior with
varying degrees of viscosity change with shear rate based on molecular weight.

e Effect of temperature — the viscosity of aqueous solutions containing Natrosol™ 250 Pharm HEC
is temperature-dependent, with an increase in viscosity upon cooling and a decrease upon heating.

e Effect of pH — Being non-ionic, Natrosol™ 250 Pharm HEC demonstrates relatively good stability of solutions
within a pH range of 2 to 12, with highest stability from 6.5 to 8.0. At lower pH, solutions become less stable
and may experience a reduction in viscosity due to acid hydrolysis.

Oral solutions containing high concentration of sucrose or other sugars traditionally have been defined as syrups.
There is an increasing trend to replace sucrose in whole or in part with other non-glycogenic substances such as
Natrosol™ 250 pharm HEC to formulate medications for diabetic patients. The viscosity resulting from the use of
these cellulose derivatives is much like that of a sucrose syrup. The addition of one or more artificial sweeteners
usually produces an excellent imitation of a traditional syrup.

Distributed by: / ™
Maxway Company Limited
335/47 Srinagarindra Road, Nong Bon, \

Prawet, Bangkok 10250 Thailand
Tel: (+66) 2366 0263-7 Fax: (+66) 2366 0729
Website: www.maxway.co.th  Email: infoemaxway.in.th
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Astaxanthin: Physicochemical property, extraction,
and nutraceutical product development
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Email: p.jaruwijitranon@gmail.com

WA, AN, A% 33e0 ygnwned
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Email: veerakiet.b@pharm.chula.ac.th

UNANELD

LoANBUAY (astaxanthin; AST) Lussatngduasdulunguugulniadualsiiuesd awisanuldly

'
a ada {

FIUTIANY ) Tusssu@ lnea1nsne Haematococcus pluvialis Wuunasiianues AST Aaunsaiunadnly
seRugnamnssukasiinandn AST iniign nsvuaun1sane AST Enaeds wu Msadameuisiu nsadneie s,

viazany niensananisvetivaingfseanvesasveulaeanled ielilausunu AST unwaziiaulasnsds

a a

AST Wuansiueyyadaszfioangnduss (potent antioxidant) wazdlgnsveTaNINGN 9 LU NISEIUNITENLEU

Y

£ 1

NISAUUIINY grisHeszUUTRlaLasnaeniden A # seuuiiauiu wenaintl AST Saun1siusesny
UaendgInNesAnIseImskasewisanigaliniuazlasuaniuy generally recognized as safe (GRAS) 34gn
dnfuansddglundasasiiieguaimuazndnlusydvanannssudundadasiasuomsuwasiasosd1e19

9 11nNe wakllesann AST Wuansiazansludilatesinn Fevilisnsinisazareduazmsiluldusslevnily

a

Fnelesin MsimuIrans s uemsiddiudsenauves AST ilauanwasUszansamdadudsnvimieg

NsFIAdInsenaINIg Ui 12 avui 1 (2567) 29



Tutlagduiinsiwalulagmandunssy ssuvihddduy 4 wazwinnssuanldiv AST wendndundndue wu

nsazanglunszaneduinguy nisviliegluguwuudlnley 8dadu vielulas/nluddaduiiinldondoduda

v
19 o

Aulunsginzems arsusenaulledeudulusiuvieludu nisldansiieiunisazarenionsnadulugns

o v & v DI, % A a A a A A o ] =
isu Wi Iveglugduuudiavseuaugaviiaifenty Weiiudnsinisazans nMsUanddesans nsgadu way

msilUldUselovd Geagyild AST awnsasengronisdanmlusenieliegiafuuseansnim

318N13AED

AST Astaxanthin

ACE Acetone

EtOH Ethanol

GRAS Generally Recognized as
Safe

HEX Hexane

HP-B-CD hydroxypropyl—B—
cyclodextrin

IPA Isopropanol

MAE Microwave-assisted
extraction

MET Methanol

NFC Nanofibrillated cellulose
PLGA Poly(lactic-co-glycolic acid)
PWP Polymerized whey protein
scCO, Supercritical carbon dioxide
SMEDS Self-microemulsifying

delivery system
SNEDS Self-nanoemulsifying
delivery system
SSEDS Solid self-emulsifying

delivery system

UAE Ultrasound-assisted
extraction
WPI Whey protein isolate
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uniin

waEMLTUAY (astaxanthin; AST) Wuanssen
Tagaunslunguualsiiuess (carotenoids) gnAuNy
10® Richard Kuhn @i uiindaafivneeainie-
WU UNIUIULINNTIT 80 Tuad laseasamaadl
104 AST fingoandnudussdusznevisdniluans
carotenoids lungueasusznmn xanthophylls AST
flaseasramaad i duiendnuwal T iauds
Usznausmeanglalasansuaufideusetusewusy

v W o

AARUINUSZLAYY (conjugated double bonds) vl

AU

il duduiiveulustu (hydrophobic backbone)
Ik B—ionone rings ﬁ‘ﬁmzld' hydroxyl group Lhag
keto group %édeJud’mﬁﬁnamfﬂ (hydrophilic polar
ends) 8¢ Va9 @098 1903 hydrophobic
backbone Fauandluguil 1 lusssuvAazanunga
wu AST leludnd fiv wardaldinvuindndidddy
WA LYY MBN pheasant's-eye (Adonis annua) YU
unandeln wWienvesdndinguasandou
(crustaceans) L4 u 1A (kil) dovainos 4
Uaugansu (Oncorhynchus spp.) a6 (Phaffia
rhodozyma) waga mseusie lnsuLnaisssugf
Arinananues AST luynagnanvinssusnnian loiun
amsigdulananda waIleda (Haematococcus
oluvialis) § 9l AST Uszanas 4 - 5.5% vastiviin

gl



Keto-groug
Hydrophobic backbone )
- ® .
N ; I o)

| Hydroxy! group

5 F>{|I k%q_..Jﬁ-_../\':g./’fm./'::*_./\‘b_._.,/\‘b_._/“eqr""-i-‘.‘/’l‘}\-:'

Hydrophilic polar end

B-ionone rin
Hydrophilic polar end

sUfl 1 gaslassaframiaafivas astaxanthin
(AST) wsnavigjilertuiidndnyvas AST.

AST faudiduarsdueyyadasefioongnius
(highly potent antioxidant) Taaina1nA1 oxygen
radical absorbance capacity (ORAC) Wu31 AST il
qviddusyyadaszuariia1 ORAC innifinfiud
(X-tocopherol) 100-500 112 wazduszansanlu
NM13A199 singlet oxygen UIAAIMIMNUTG 6,000 1
3 8NN AST 2fign? antioxidation udadafina
duasuaunInviainualy Wy n1sRIuNITeNLay
(antiinflammation) gudnsuntlesszuunasaiden
wazala (cardioprotective) qwééﬁmmmwu qw§
nsundlasszuulszan (neuroprotective) gusae
szuundeaudy qns nsundesdanids (skin
protective) & n13Und 99n2901 (ocular
protective)**® uanand AST drun1ssusessiu
aulaondelaglasuaniug GRAS 91n83ANIS
DWNSLarE AN FaINT NG saunTnunGe
Wundadasiasueimsld Tutagdudinisi AST
wldlugnamnssundadsiioguaimunniu vl
AST flyarmsnisnanauissnnduludaenassudi
s Tnedogadaudd ae 2009 auils 2022
Tud 2014 AST fyafm19N13AAIANINAI 368 A1U
g5 (13,793.95 &uum) wazlull 2022 yaruiuiy
ndrgeavindu 729 duels (27,325.51 druuin)
n1sana ASTana1ns e H. pluvialis § a1
WMEIAIANEITUIR (natural astaxanthin) 3414
Wanndugeamnssuvuialng wasdniswaun
nsTUIUANSARA AST 91n5550w AR LA NaNERTIgs
ielvanunsandn AST ldlfesnasaninudainis

Y099a1Alan UenINNLFITN15HER AST 91015

NIFITNAINTENaIMNIT Ui 12 avuil 1 (2567)

d9A5189 (synthetic astaxanthin) adlAununis
NARKINIINITANA AST 9INFITUYIA WAy AST
o cav v = a ' | I3
Fuaszinlavzdanuaiosuinnid egrslsiniu
NTEUIUNITAUATIEY AST LWunszuIunIsmaaili
faududou swdildenamuanulasnivusy
aIANASLasUsEaNENINYes AST Nduas1enla’
wa S . -
2. gNUANIILANNIYNTIN (Physiochemical
Properties)
Astaxanthin (AST) %38
3,3’-dihydroxy-B,B’-carotene-4,4’-dione ﬁqmi
lutanade C40H5204 Usenaund8A1s uau 40
pgmauLardualuanawiniu 596.84 ¢/mol AST
fianwaznnantenimduvesudsilgungliiesuas
@) al 3 1 v = 1 1w
W unsdwned 9993 Anunuinduyindy 1.07
¢/mL d9aviaeumiaiuarasienlyiniu 216 °C uay
774 °C m1ua1nu AST dA1n15azalsiani (poor
water solubility) unazaielaluaivinazanedunid

1 acetone (0.2 mg/mL), dimethylsulfoxide (0.5

ee

mg/mL), chloroform (10 mg/mL) & @
dichloromethane (30 mg/mL) AST @115nazany
Tora Tulva”u (lipophilic) TmesTa 1 log P
(octanol/water partition coefficient) v 9" 1A U
13.278 LLa:ﬁmmstﬂﬁuLLaﬂusﬁNLLaaﬁuaaLﬁulé‘{
(visible light) Sewin9A0E19AAY 400-500 N7

1AT9ds 19aM1aATa09 AST Tanway il uane
lelasansueuideudusiowusz g seninsasuey
C=C (polyene) Wanua 13 fWusy Uaneaneviedes
gy B-ionone ring Tasumisii C-3 uay C-3’
0 U asymmetric carbon (chiral center) Gﬁlﬂﬁwyj
hydroxyl (-OH) nneAiansueusuny et (gﬂﬁ 2)
ﬁ\‘lfuﬁﬂwu stereoisomers U893 AST @113 UL U
Town (35,3°S) (3R,3’S) way (3R,3’R) ﬁmam’iugﬂﬁ
2 Fevgl -oH 1TugUuuudass (free form) uslng
Unfingy -OH a@1u1saviuaserdunsaludusie

U381 esterification aldulassasnsguuuuiea
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a3 (ester form) MniAaURzeAvasasfle
frund 19z158n7 180 4 mono ester 15 enn
\AaufAsenivateaneiaaesdnuaiienda di-ester
lassasewiin ester form avflauviniuyeuludy
(lipophilicity) unnduaziai e snINguLuL free
form lagUnd AST ¥UAGILASIEY FENU
stereoisomers sanuLUUlnedgnsdy (35,3’S) :
(3R,3°S): (3R,3°R) 1l 1: 2 : 1 uamiduguuuu free
form (non-ester) @21 AST 7 bs91n15diAa1n
wasnLsssUTIAazd AST siedia ester form
AU free form NANAULAZONIIEIUVDY ester form
U free form wANA 1A ULA LA WAE IT 11 970
AMSAN®INUIN enantiomer (3R,3’R) Wuleluiuasu
&nves AST fiaraladainildenveas Antarctic krill
(Euphausia superba) wagangas P. rhodozyma
lagnuluguuuu esterified form 1d udulng
Tuvuefiams1e Haematococcus spp. tae wild
Atlantic salmon ag@519 AST (3S,3’S) enantiomer
L4 u%a“ﬂﬁ'qazwuaq'Iuiuﬂqumgq free form,
monoesters, Lay diesters9 uaﬂmﬂﬁ%amﬁawu
AST luguuuy trans wag cis (E wag 2) geometrical
isomers Y84 optical isomers 1/13\‘1 A1ULUU AD
(35,3°S), 3R,3’S (meso), waz 3R,3’R 189 AST 1¢idn
se Fauanslassainlusuil 3 Tae cisisomers 9z
WU FunY 9, 13, uay 15 uenannd AST &4
aunsaiina1susynouldsdounulusiuinduy
AST-protein complex (carotenoproteins) #3 81U
lipoproteins LA A vdu AST-lipoprotein complex

(carotenolipoproteins) lagnsg ™
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HO" '
il 3 (3R3R)

sU 2 laseas19v04 optical isomers M19EULUU

v

Y34 astaxanthin (AST): all-E-(3S,3’S), all-E-
(3R,3’S; meso), was all-E-(3R,3’R)°.

(s}

I *
. ~ ‘.]_.t H ‘4\,’~¢,-/{cx‘-c-n\\
- \,A\*,AQ,-*Q,J'\»AQ/?‘\ AR R e Y L
L ( X woyes
e I ) o 20,38 ledede L
{all-trans) (13-cig)
Y
S .
5 b ol
‘[S\VA‘\-IL}L [1,1\|/
Oy ! \: | | “H
o A J\J AT A ‘x_l
L=
% HO Y™ T
i o =
1h, 2h, 1b by 1d, 24, %Wl '-‘.r/
(9-cix) = (15-cts)
G o
1 - ]
~ X
. T
oo [H]]

= [&15]

:JJ‘UVI“' 3 1As9d$ 19989 all-trans-, 9-cis-, 13-cis-,
way 15-cis-astaxanthin. wunewme 1 fa (35,3’S),
2 A9 3R,3’S (meso), waz 3 Av 3R,3'R’.

3. NN3&NA (Extraction)

MSHEAR AST L899I TUA NN TUUNER
AST Tnenisdaasgiidisliifisanedennudens
Yo3MaIn 39 AST duasevidfununsnanininia
AST @fnNGITUBR 1nenISHEn AST ATz
Tnszvaumsmedlased dedivareduneuuasd
AUT UL ou YU A58 hydroxylation U84
canthaxanthin U538 oxidation Y84 zeaxanthin
warUisen Wittig reactions o8 19lsfinuug i

AST F9A518998 LA NANANNINNINLALNANANT LA A

k4
S Y v v

ANULED BT WANAYBNIIaNIn1UUSEANS A NwaL
ANNUARANY LHBIINNUIN AST @NR9INGISUTIRA
fuszdniainlunisdueuyadaseuinnin AST
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n1sanm AST mﬂﬁssmﬁmmmaﬁ’mﬁam

2 1 =) a 2 1
MINAU crustaceans nIvyan P. rhodozyma Wé

Qe

a

AaflTAni inandn AST uanfigaldunaivsne H.
pluvialis FapuldiduingAundnlunisada AST
TagUsnd H. pluvialis iWuausedifes wiilotun
Aosegluannzuindouiiiniunedon wu ne
RE159115 Aaadunas anudunsaeig (pH)
arandudureandeusluthilonds wasgamgfill
WMNIEAUNITIAT LA ule AgnuI1aInT e H.
pluvialis 9xfin15a¥14 red cyst Famgludiansngy

<

Yuperusznau

a

wAlsfiusefazauey uaransdunad

N a

nann1elu cyst cell Ain AST Fafusunalszana
52.2%12 AST finulu H. pluvialis ﬁﬁgﬂgﬂLLUU ester
form LagWuu non-esterified Iag WU monoester
70%, diester 25%, wag free form 5% lagUseuna

AST fiafmain H. pluvialis Ganulasouas
wazaudoud ol v uneunisiiuinul H,
pluvialis flaufisgiunadauen AST a1nn15@NY)
Wigulisun1siiu AST ae35n1snuwis (spray
drying) AUA5 n1sviliuisnuunisutidonuds
(freeze drying) WUITIBNISIALASLUUNSULE DN
wi99zynlaUSun AST avauvindu 6,454.9 +
23.8 pg/g veu TN aweswad @My 39
1INNTI3E TN UWITIA TR lE USunes AST e
Wi 4,578.6 + 14.5 pg/g vosminuiiwevad
@iy uenandsanuiiauduuaronmgidaa
RonTsidenaaiaves AST Tnenuinnisifusnuly
anmeannaziinindenaaisves AST tosnin
nsAvnwlumiuiuusseinia wazdsgunad
aslu AST AagBadonaaieniniu WewFoudoy
n3iiusnwn H. pluvialis ﬁqmwgﬁ -20, 4, 20 Uay

37 °C Tuanmzaanimdunan 20 a1y wui

a

<@ (% aa 1A I3 13 a
A3LNU AST A8 ITNTYLYBNLLUILAL LA UN UK

9 Y

a A

-20 °C dnsidenaaieued AST deeiigan e e

degradation percentage of astaxanthin content

NIFITNAINTENaIMNIT Ui 12 avuil 1 (2567)

(DPAC) Winffu 12.3 + 3.1% sisdayalumsieil 113
wonand SallnsAnwAnnunsiives AST Iaevi
wadamseliuianleIsn1snunianaziivsnen
w9 e nudngamgiiflmans auiigasening
NSTUIUNITNULAS LaULA inlet temperature AU
180 °C/outlet temperature Wiy 110 °C wagiiu
Snwiigaumgdl -21 °C Tuanngifudalulnsiau 3
JynuNsdeNaaIBues AST Taandn 10%

a5t 1 nansSeuiieuiesavnisidenaansves
UTUUL AR UTIY (degradation percentage of
astaxanthin content, DPAC) 21n38n15vn ka3
WHlazan1Ie NS AUSnwaMI e uEafiunnsnaiy

(FaLUadannenaIse1999")

Degradation percentage of astaxanthin content
(DPAC)
Temperature
Spray Drying Freeze Drying
[°cl
Non- Non-
Vacuum Vacuum
Vacuum Vacuum
385+ 240 18.5 12.3 £
-20
2.4% 4.0% 0.9% 3.1%
50.2 + 359 % 35.0 + 28.0 +
4
1.0% 3.0% 6.8% 4.2%

9970 red cyst cells 999 H. pluvialis T i
JedoslinszuiunsmRigaauAnNoanNAa UL AN
uen AST sonuuazshliuIansau nseduands
983 AST 7 waulasiu (lipophilic or hydrophobic)
ansnazatslaluluiy (fat soluble) wazanuise
avarelanludivinazatedunsd ylrdnswaiul

N3375N13a87R AST #19 9 A9l

3.1 33n15aNAG 8181 (Ol Extraction
Method)

NNIINRasain AST ¢ae vegetable oil Favile
Tnenauwad H. pluvialis luenmsimziasadaiu
Vatuue aryda n1sannd ey uarende

hydrophobic interactions 521313 AST fuansiidu
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osAUsznaulunfurily AST gradadilululy
mathifu anduasata AST Tudwiuazgnueneen
TN NI TR (NPT SO NPV YIITER
Tughaindu wuinldZesarvemandniildnduiu
(% recovery yield) agnetiae 87.5% taeidl earin
A 18 grape seed oil, corn oil, soy bean oil, La¥
olive oil 9z 1¢Soazvosnanandildnguauvniu
87.5%, 89.3%, 91.7%, Wway 93.7% AUAIRUL5 B9
dlewSsuiiisusudnnisfinwmisiildnisadasae
Yfudumdes (soy ol extraction)' Tneniswan H.
oluvialis cell biomass UL Imaeugin
nsieigunndveaduszezina 2 9alu az
wulenananann1sanie (extraction yield) winiu
26.0% w/w 33n15afnaaeuntuideffenisly
vrfuitwidudaviazare i dudnsned wandey

agalsAniuansana AST TuvTudi laazd &'l

o A

athaneuazauUdesiiinazans Sadudesitad

agthnUszendlyludgnamngsy

3.2 AEmsananl8AIIazaLdwNIE

(Organic Solvent Extraction Method)
PMNNSANUUSBUTIUIBNTEN AR YA

vavane 4 35 oA

1. Pre-treatment @38 hydrochloric acid waaann

18 acetone (HCI-ACE)

2. Binary solvent extraction afnpesvinazane

NALTEIN hexane ey isopropanol (HEX-IPA) Tu

9RINEIU 6:4 %V/V

3. Two-step extraction Tnwarnafausnane

methanol u&afngdnasadny acetone (MET-

ACE)

4. afagnettudmdes (soy oil extraction)

Ineisn1sanneeg HCL-ACE, HEX-IPA, wag MET-

ACE afinainanste H. pluvialis Tuguuuumiuuis

@ soy oil extraction ldamingluguuuu
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biomass WuITIBAIALS AST wnndigade HCL-
ACE 33l¢U3uneu total astaxanthin content (TAC)
WU 19.8 + 1.1 mg/g-cell T93a311AD75 MET-
ACE S99l TAC iy 13.8 + 0.4 me/g-cell ¢is
Gﬁagaﬂ,ummqﬁ 2 uenanilansain AST a1n HCL
ACE éailussansamlunisinueyyadaszanniiae
shelnennaeuINgVsiuoyLadaTzYed 1,1-
diphenyl-2-picrylhydrazyl (DPPH)*

A57 2 mamsUieulfiou total astaxanthin
content (TAQ) Tuansafaiiinunszuiunisadad

WANANGAY 4 3T (FAWUaaNNLeNaN581999)

Method TAC (mg/g-cell)
HCI-ACE Extraction 19.8 £ 1.1
Two-Step Extraction

13.8+0.4
(MET-ACE)
Binary Solvent
9.7+0.6
Extraction (HEX-IPA)
Soy Oil Extraction 0.9+01

v A

Jumou pre-treatment 1Junilslud unoud1Agyn
Y299 ANt was ¥09 H. pluvialis cysts LW 919
aunsnana AST aonulanNananuIntu wunshy
HCl 219 % astaxanthin extractability 4109 g0
wazANUNTUYeY HCL Mvanzauiigade 4 N lay
WINA NAIULTUT UNINNTIE % astaxanthin
extractability nauanasl7 usna1ni g9ddn
= =~ = = v
N5A NN T I s unsle pre-treatment
techniques MAnAaAY laun nstsmenudule
W1, HCL, NaOH, toulasl, n1swuliy, wag3snng
a A o g v I3 & o o 1% Y
Wananyligaauan nuuinnsaia AST fged

a

Maratesialfediufe ACE Wuil pre-treatment

sa

technique Mlvaansananlann nsiiludaTes

q

Yaa a

p) ) H a o v I
FJemunulauiwaznstaisnadananyinlieagd

wan’



[ (%

dlosannisldfihazaneSunssidednaduany
Yaoaste SefinisAnwnisldmiazaiefinunis
Susesanuzidu GRAS &sanunsaldlunisadale
adeUaensty Faviazaneiildlunisdne Teun ACE
waz ethanol (EtOH) iguiunisananay HEX uag
chloroform (CHCL,) : MET (1:1) wuiannisana AST
A28 ACE lgima total astaxanthin recovery mnﬁqm
Tnvgaumgfifivzaude 40 °C uagszeznatluns

anavmiuEauAa 20 W’

3.3 35msanasluawloal  (Enzymatic
Extraction Method)

Red cysts U94a11318 H. pluvialis dnisigag
finudududesidnlunisadn AST Inondugad
Usznause Tassasaieiududeunes fiorn was
pectin §90 n15@ nw1dteuley cellulase Lag
pectinase anlglunsania AST 91 H. pluvialis lng
prdun1svinuveseulelgssndgas way
UanUaes AST 99nu1370 cyst cells IEROBIRIER
wenansanad balaenisd wnd sawaz seine sy
avatueen wan1sAneinulnisanalaneld
pectinase Yl NaNAn3ouaYINAY 75.3% Way
n1sannlaeld cellulase lanandnssuaginnu
67.15% @annzmsataianzaniigadiniuns
analagly pectinase Aoluysgaumngid 30 - 40 °C
Lazi pH = 518 wenand sadn1s@nwinisld
ouleaildu pre-treatment Tunsaimasédrdmann
amselagldioulysl cellulase kag mannanase

[

nanleeanundululuianaderfusenisidioulayd

Tumsgeentamaslvnanisanananint®

3.4  3ASmvananlsvadnaingateen
(Supercritical Fluid Extraction Method)
MIFNABNIAILVDI MaINAHILIa

(supercritical fluid extraction) Wuwnyana

NIFITNAINTENaIMNIT Ui 12 avuil 1 (2567)

asfeaiideimmsvadlnaingadsuia
(supercritical ~ fluid) %&Lﬂuaaﬁﬁagizu’m
YDILARILRZIND Lﬁ@ﬁmﬁaqmwnﬂﬁua:mm
é’umaaizuuayjmﬁaﬁ;@%qﬁ (critical  point)
PosEa e Fnlram sl auiansBuni
223ud9 I asIA UMD wazriazane
saan lelTwdsInaana WwaNenuMs
ﬁwmlﬁaﬁ'@miﬁﬁqmauﬂ“ﬁmaﬂmﬁmm:
a:mm{ﬁmﬂ fimmeaassmsle supercritical
CO, (scCO,) Wuvaslnaingadssnauasls
EtOH (Judivinazanasinlunsana AST law
Anwifaspndsnasanmyana laun gUunnd
ANNaW wazmIbtnlalils EtoH Juaavin
AZANUIIN WUINMIENG  H.  pluvialis 7
9unNd 65°C AIWAW 400 bar uazld EtOH
Wudiviazanosin i ldnanansasazaad
AST mnﬁq@ WRZENNITORNA AST launs
93%20 msfnenlusn I TWE 82D
naRasaia AST flaamail 39.85 - 79.85 °C
ANAY 200-550 bar Han13ansn bl latdwly
Tufienafieniunivua LL@iwudwqmvmqﬁﬁ'
ANNZFRIURNAABTI 69.85 - 79.85 °C &I
ANNABLAZEAIMTINaTeY scCO, NLFln
MIFNARINAABHAANTNNITRNAENT WLANAN
fustheliipddumesia  wenaniinisld
EtOH iueufinaliainnsasna AST &

FlalaYalole

3.5 25msanman ¢ (Other Extraction

Methods)

1% [

= = N
UIYIUNITANWILA YINUNITENR AST 21N

=

WIRAISITUTIAUDNNLBIINITN NANINIT9A U LYY
AMsuA N (maceration), N15an AR 18 Soxhlet, N15

annn18AI1UAUge (high pressure extraction) &

N1sANEIARR AST 970 shrimp waste AuARULEDS
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mmﬁqq (ultrasound-assisted extraction, UAE)22
A15anm AST a1ndefiddntunsianiandaululasim
(microwave-assisted extraction, MAE)?® YanaN
Tagi NS euieulisnisana AST Aae3snisuain,
A15aNAR 28 Soxhlet, UAE, hay MAE wuqin UAE
wag MAE Tia astaxanthin recovery snnfian lng
o o a a a aa
AaviagangNmunzaungafe ACE wazgumnniin
] a o024, & wa v
Wngaufigafe 75 *CitananauUinisinuniuy
mUasuwdassussvesTandialasuusinseyi lng
AN ATIAIUTENINLTIN AN UYUIANUNT

Wasuulaslyt

4. NMIWAIWIHAAN LTI LEINAINITUD AR
L% %N w (AST Nutraceutical Product
Development)

w11 AST azifuansfifigni nsdannuay
AuUsglogdumaa winlsaudfwasdedninves
AST ﬁasma‘ﬁ’wmﬂ (poorly water soluble) Fevil#
fignsnsazans nsgaduwasnisiilduselovi
Tusranesn 99nnsAnwimuinnisgady AST Tl
wiveu Tneflddauddosnd 10% luauis 50%
ﬁ'fanﬁugﬂLLuu AST A$UUTEN1U N5 ATL AST
1g319N8ilan vzIgwAgINUNIYATUD IS
Ussanlusuilesnnn AST iluansiaganglulusi
wazaziiniiusudldidn Tnserderinazinde
v uansanusafiaiaui edaely AST
azansuanddueyniafiidnasuazogluguuuy
ddatu lutwaa (micelle) nsolalalunsou
(chylomicron) a1ntuoules lipase U188 D8
AST ester forms IiiJunsalusiudaszuaygadu
AST ngszuuindestely Uianiileganelu
svumaiuemadudnuicladefiddafideade
8M31N1959ATU AST 101g 519018 1mangdAgyly
AT ARSI UV IHANA N LaT UM 5T 4]

druusznouvey AST ﬁQLﬂUﬂ’]iLﬁQJﬂ’]iﬁza’Wﬁﬂlaﬂ
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AST TusguumaAueImMIsI LU IIN159 AT

= o RRI= 2 o 1
wenanil AST FaflauAsiirdenaanisseuuiid
naru1sadesnunisaaledl1ves AST Nounls
Fuusenu MmN szuuings AST ialfiunisgn
Fulianursainluldusslodluseneliasgais

I q' al'su
WugmnInieg

4.1 Emulsion

a v o . @) =

21aTY (emulsion) LWUFULUUNUITBITLUY
nsraeimTumseulaanvewalassriailidnfu
(immiscible) wavilinszaedIsiuduiiofeiy
Talpgldwentulaenisiuansnediadu (emulsifier)
asluluszuu nasieTen AST lugUuuuddatu

usnandzifinnsaratsudy Sadunisiwiealiiog
TugUuuuiisrsmeniouazgaduannnii Inisdnwn
n15ins o AST §afadud sdarslugassiy
UsEnaunig AST, oil, wag emulsifier (Tween® 80
uaz lecithin) waztUIsuliieu bioavailability (C,,
trao AUC) 5811719015105 815 UWuy AST oil
solution, AST macroemulsion, & a ¥ AST
nanoemulsion U731 AST macro/nanocemulsion
A52AUNIIAATUANTT AST oil solution 814l

o w

HedAgy waz AST nanoemulsion #A1 C,,,, 11N
AT Tax 152n71 AST macroemulsion ﬁqﬁuﬁuum
voseuNAdsiatuldmananispaduiguieiu®

iin1sAnwUseuLisu AST-loaded emulsion Tag
naaesld emulsifier 6 ¥iin lan whey protein
isolate (WPI), polymerized whey protein (PWP),
WPI-lecithin, PWP-lecithin, lecithin, tag Tween®
20 TagwSeuig uruIneUAIA ANUAIRT WAENTT
Unddias (cellular uptake) ¥ AST Tu Caco-2
cells nuinvuneymalagiadsvemendsiadueg
Tutng 193.87 + 3.84 13 286.52 + 19.75 nm 81
ﬁqqmmﬁ%a’awam'aﬂwsLﬂ§'QULLﬂaqmuwmaqn1ﬂ

lnawflaifiuil 4 °C nieg1eiinisuasunlaizun



8Y N1A <5% way AST-loaded WPl emulsion
ansanusensWisulUasgumgiuinian lnud

a

M3vAsuLUasuIneuNA <10% Weinuilgumgd

U

v
N o

4 °C, 25 °C, 37 °C, 55 °C W1y 14 Ju usnanildadl
AST aaind elundndueiuind ganagldua AST
cellular uptake 1n71gn26 usidiaduaziiiua
N1saraNELaN1INATUYRY AST 1@ uidedinves
Sadudewloszeznailuazilontaianisuen
Fu vilvindnfusidonanmudedengdu Fedinng
Waukaginssussullu pickering emulsion fie
11514 emulsifier Tiduvesud e afiuninunsd
Y0300 avu ann1sLn A droplet aggregation
N15AN¥1n15L% nanofibrillated cellulose (NFC)
WS ULNBUNU whey protein isolate (WPI) Wwu7in
154 NFC fiaanandudu 0.79% wiw anunsaiiiy
AMUAIRILAY bioaccessibility vasdsatuld Tunia
psefudmmniuanudduves NFC Tnnnand
bioaccessibility nauanas®’

Self-micro/nanoemulsifying drug delivery system
(SMEDDS/SNEDDS) 1 uszuuihdsfi anunsanaly
Tas/unluddatuldiesdvsdraiiunisazatouas
nsgeaduansddyfiaratstienn Seanuisaiun
Uszgndfldiu AST 18 szuvihdeidesdUseney
deey loun asdney, ’J’gmﬂﬁwﬁu, AN ATU
(emulsifier) 13 0@15aALIIAIND, LAL/NT DA NN
azan8590/a15anu59A 9899w 1 esuUsENIu
nansaaiiesenlussuul nandueiosdudaiui

1%

TumstiusmisiazlanUassdlsafgyoonuilay

v
=

azAalAAn micro/nanocemulsion Jutaslaensadu
v a a 1< [ A
ABIsTUUNIRAYIMIS aduigninnieluid
anwasiluneairduruindniiasdfynseane
agluinlumaiue1ms liaruisaiudinig
A¥ANgUAZLTUSNIINTAATUYRIANTAATY”®
nsAnwILUSBULIBUAINISAaza 8URY AST SMEDDS

fiu AST powder waz AST luguuuuualgaiuien

NIFITNAINTENaIMNIT Ui 12 avuil 1 (2567)

Jugadugnsuinsgruiluluvieanain Tagyinns
naaaulufiinas pH 1.2 1Wusvesiian 30 w1l e
A8 pH 4.5 WWuszezian 90 wfl uagmenly pH
7.4 Wuszoziia 6 Il iaildeuuuunssuiunig
aralulazn15UanlaouvoIdnslunIuAueIng
WU AST SMEDDS danisuanUaseazauuas AST
(%AST cumulative release) 1107 aaluunag
fana19% uona1nd SadnaRaugRIsy self-
emulsifying system iug‘dLLU‘U%a\iLL‘ﬁd 13877 solid
self-emulsification delivery system (SSEDS) Ve
diuanuasisaziinanuagmnsenisiuld ne
Tdndnn1siufientu SMEDDS wilfindamivesuds
(solid carrier) uagnszuumsdsululasdiaduly
ogluaniugveauds Tm3@nwinuy in vitro 1ie
WisuguAnITazaellag bioaccessibility U84
AST SSEDS U AST gasefusialu wuan AST
SSEDS fin13azatefitinin fnsuanudoy AST
40% n1elutian 120 U9 wawil bioaccessibility
Uszanas 10% waza1nn1sfnu1gnd daunis
sandindulunasanaasslagnagaaunisiuayya
552909 DPPH nui1 AST SSEDS fiqvs 156 1u
auyadasyuas DPPH launns1skaz s uviniu
ansazane AST lu EtOH dafuansaiuau uagd
ALY NTUYDY AST LA BULYIAYU 1.5 mg/mL
gMIEIUNTAUOYYABATYUD DPPH gadle 90%
Fafunisiniou AST ey luguuuudifatunie
SSEDS Feludsnadogns d1un1seandintuves

AST*?

4.2 Liposome

v

alnlay (liposome) tWuszuutindsansdAny
Aadulaeldarsng ulatuusznnvealudfia
(phospholipid) vl enaunealnaiafuii luana
WealWafinazdmsoadafudu 2 fusenia lpid
bilayer Ingngstlianadiudifidreenlumluiana

11 warluanadnlifidy (Wiveudn) Avgdudmn
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Tuanadawiildddadedues Saamnsodnifv
asddnyflaranetienanelulinanald dnsamn
AST-loaded liposome Tagld AST a1niUdienis lag
ANt entrapment efficiency, antioxidant activity,
way cellular uptake Tu Caco-2 cell Taold
phosphatidyl choline 23% L 8UA U 70% WU
AST-loaded liposome maasanududulaifudiv
#e Caco-2 cell wazdlnlwallailiangms antioxidant
activity 999 AST wena1nd g anur 101514
phosphatidyl choline 70% agiUszansanlunis
fnuAuen (entrapment efficiency) LazAUa1U158
TunsidlulUtgaauinniinisle phosphatidyl
choline AMILTUTU 23%31 dn15Anwlud nwue
Wuli i ulneUseidu antioxidant activity wag
cellular uptake 989 AST-loaded liposome Tu 7F2
osteoblasts NAN1IANYIADAAR DINUA D AST-
loaded liposome mmmam%uLﬁz’f']ajwaéuazaaﬂ
gusnsdanwlddnindewIsudfeusuarsazans

AST Tu EtOH AsLtatu 0.05 pg/mL>2

4.3 Other Systems

AST complex 1umsih AST fiavaneuinann
uUseneuiunedwesiazanatilén wWu nswann
HARA 93 UkUY AST $9uU hydroxypropyl-B-
cyclodextrin (HP-B-CD) Tae HP-B-CD 10 unod

o

WwesvdrsiunsazatelinudiemioasaAy

=b.

ava181181n (poorly water-soluble) n15@nwAi
wudlaana AST HP-B-CD complex ffnisazane
dhannnin wazilaunsh Museuawareendiay
111N AST-Pure™

uaﬂmﬂﬁyﬂ’aﬁmsw”mmaumﬂuﬂwaa AST
A0819 U NIANYILAEHRILIFULUUNER ST
AST-loaded poly(lactic-co-glycolic acid) (PLGA)
nanocapsules kagnN13UTeLiu antioxidant activity

ANUTURNARNUN T LTN18UBN WU AST-loaded
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PLGA nanocapsules & antioxidant activity 110131
ascorbic acid 9 11 1% wona1ni g9l n15F WA
Snwagad1eiui Usziduna anti-photodamage
effect Tu HaCaT cell nan1s@nwnadonnaesiulag
AST-loaded PLGA TUs¥dns arnlunisaiu

ponTiatunaziinuUasniuuInnal pure AST?

5. unasil

AST iuansidlassafraduiondnualfivay
yiliflgng dueyyadaszimdenitarsdueyya
Sasvullndu 9 finsAnuiifigatiseloviives AST
dogunimannueLaziiuf doslunaandn dai
dmSuaun N HERTUI AST HyarM1aNIIRaIAEs
Jaldanamnssunisudnaisania AST uagnis
nAnndndugidnsagu Aredediindiunisazane
waznsidenaaneliiiees AST nsuisnsadeiia
LarsEUUthdefiTIeIfinnnsazaoiazn13gATuves
AST Fardud ofi Foasimun nsdaiasnzd AST 1o
NANARE LA UTZANT A 1NAINT1 AST afaa1n

5ITUYIA ANTANA AST AINLREITITUYIRFIUITO

a

anna1naImsig H. pluvialis Telinandnuiniign

2 a aa % aa 1 1 adcda ¥y A
wiI19ednssudSnsainnaeds wiwrasISNides
LAY DINNANNAY LYW TLYLLIATT LT AL AINY
Uaanneveafivinaratedunsgniunldansa nns
ANAREFAINALANYTUAUILAUNISANALUTEAUNIS
NAADIANEYITTYUINATT EINSUI SN bUuUIEAU

A o v = v
REMNIIUIUIAMEABNT5ARGIE scCO, Telvina
NANTIWILLIA wonaInTl CO, Wufwf liiAy la
fnln @unsoaaedile warudneanannasanake
TN AUNITHEALTIRAAINNTTU NITHAIU
sruuthds ASTS¥ LilaLfiunisazranglagn1snAdy
o v aa gj o I a v o a

aunsavinlananeds en1svinduddaty, alnlay,
aun1AUILY, SEDDS, SSEDS, w3 an 15wy AST

complex MgUulaINANNTYIBLALAINITATAY

16 @21 SSEDS wag pickering emulsion & sid@ud



vJu solid carrier 1uasAUsznauIsiitediinlunig

CY al

Uanudes AST aiddatusaralnlsuduguuud
wisulddne fesrusznouliiun WinAnsazane
wagn1sAgula d MuEAUnISUININE ALde
9MAMNIINLNTIAR dIu SSEDS Feflesduszney
nangdkazdndIuresasiuansiiudaananis
\Aadsadundianndudseniu venaniddidesaia
Tunsiananisiinddadunasainsuusenmulunan
@21 AST-cyclodextrin complex 1 w3 Uuu Uil
thanlaaziaungnsiiudely esanausaiia
AIN1sazaNE N139ATL wazausamse e
%qﬁmmmé’amm’hgﬂwag'] pgalsfinugedl
n15Anw1 AST-cyclodextrin complex 31UULDE
Fosinsanwiiudusnlusuian uenanddmsu
NN 9 anssu Mnaziaundundndasidmsu
Sawlsn azApslin1sAnwusz@nsnmmisadtnuay
ANLAITEETEBA azssUUTdLiuRusely
diodunsuseiulszansam anudasndy waz

AN NVBIHAR U
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You can do it
You can make a difference
You can save precious life
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WEBINAR 1/2024 15av INTRODUCTION TO BIOLOGICAL
PRODUCTS, REGULATORY REQUIREMENTS AND CURRENTLY
REGISTERED BIOLOGICAL PRODUCTS IN THAILAND
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@ Introduction to Biological Products
WEBINAR 1/2024 s Regulatory Requirements and

INTRODUCTION TO BIOLOGICAL : . . ‘
PRODUCTS, REGULATORY Currently Registered Biological Products in

REQUIREMENTS AND CURRENTLY Thailand

REGISTERED BIOLOGICAL
PRODUCTS IN THAILAND Assist. Prof. Rochapon Wacharotayankun, Ph.D., R.Ph., FCIP

Consultant
29 f!l.lﬂ'lﬁllé 2024 09.00-11.00 u. 2 College of Industrial Pharmacy
Q) via Zoom application T 2 CPE Credits Pharmacy Council Elected Member
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Biological products- scope and definition

ssssss A \/ Quality and Regulatory Requirements for Biological products

k Biological products used and registered in Thailand

Start Webinar
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Digital Solution for Pharmaceutical Industry
Tuesday 10° October 2023
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