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Khemjira Jarmkom. (2014). Development and improvement of lidocaine HCI gel for local anesthetic
effect. Master thesis, M.S. (Pharmaceutical Product Development). Bangkok:Graduate
School, Srinakharinwirot University.Advisor Committee:ChittimaManagitPh.D.,

DuangratanaShuwisitkulDr.rer.nat., TassanaiParittotokapornPh.D.

The objective of this study,local anesthetic gelswere developedandimproved which have the
fastest onset and good stability. For study of physical properties, drugs release, permeability, clinical
trial, and stability were evaluated as compare with difference gels (Hydrogel Emulgel and
Nanogel).LidocaineHCInanogel got particle size as submicron and showed the highest viscosity and
drugs release. The interaction oflidocaineHClwith gelling agent (carbopol 940) in other formulations
(hydrogel and emulgel) effected on drugs release. But emulgelshows penetrate to the porcine skin.
Emulgel have oil phase as permeation enhancers. Also we choosedemulgel for clinical trials. The
effecton pain relief was evaluated as compare with commercial product (EMLA Cream) and placebo.
For 20 minute application, the pain score was no difference. All formulationscannot painrelief as
same as. Emulgel reduce pain better than placebo within 60 application. However, EMLA Cream was
the best for effective local anestheticswithin 60 application. Finally, we found hydrogel was good

stability and emulgel was bad stability.
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Y o w Y o w = ] a @
V931NA Vo310 TUMTFUATUNIN
Y
MIazagil » Img/ml
anurou luiiu 10 <K, <1000
maiuqa < 500 Daltons
ANAONINAN <200 °C
1 I 1 A
MANNYUNTA-ANNRIIZ AN 5-9

2. 190 (Gel)
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ﬁﬂ1iﬁﬂy1ﬁﬂmi‘ﬂﬁSQﬂ@bacterial cellulose membranes (BC) @1 UTSUUUITIYINIU
a o = oszl dyd 9 1 1 I 9 A Y g’ =)
maEmils lumseneassfifiauuuuuese 2 ngu nqu uduuuuveseiiazals laa luii Ao
1 { % d { U
lidocaine hydrochloride tagnguh 2 19 ibuprofen Fuiluendunuvvesenazats’laa luluiu Tag
9213590183 1111 BC membrane taziiundnyimsFuriuniiiviiesdiendAyaie franz

diffusion cell Tagaznlseuisuduengiununa i (gUuuuea) wudn ibuprofen fiussylu BC

'
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membrane N1/Suamsduruvesdndragiosningegaeyiluuunall taglidocaineussy
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3. w1 lua (Nanogel)
I A A a A 1T v Aa L4
W Tuwa Wuwanloymaviau Ty HanMIFeuAs I UYDIA I8N0 AINDS 1A8D199Y
I A 1 o 9 A 9 = a S L o Y a % @ o
WUMSIFOUADAUNIAIUNIENINHTON A IUANVDINDANDST FaR1 1HnanTHeeR TuaI/
~ =K o [ A @ [ [ A
azaneminzay w1 luwmadaiuszuuihadsenniina lasasanue Jeazidhvuennnninssuudug
1 Y
iiesnnvaveseymam i ausaduriuAamiie 1dn ey paracellulartia transcellular 13
Ya v o o S = A o ¥ S v & o Y A
Trmivsuaasidunestisndsauganiogniinge [2] danuasaludninuega inldend
Aa A [ dy v A v Y o Y v dy d’ [
Uszansamlumssne vennniu Tunadaaniavesnnudduldnuiiods lusauas
1 Y 1 U = 42’ [ (%
aunsadesaais g lusunmensiaadeseininuiluwalinaenszuiunisyuedivilave
LIARDAINY 1BU PMITUNI Y (diffusion) MIAAIVBIUT TUIIA(nanogel degradation) LAY

waouiivea'losou (displacement by ions) 1iludu (31 2) [8]

Drug loaded Stimuli Drug release from
swollen nanogel environment nanogels

nnilszneu 2 naninsiaatassenarnuiluma [8]

A Y =1 A = = a1 A Aa A A A dzl o o A
malvetlszanslumseangninazimdilszaninaniuiu Tuanavessdniun
Y ) 1 Y 19 Y] T =1 1 o Z = [
doagmirdalnaseaiveteazidhmane it Tuanavesevzlvuamls duiumsgadudiuna
a o KX a d? A Y @ =< 1 9 q’j a Y]
Ailaveseyninvinau Ty Junaduiie 1w Tuanavesdregngaduriud T Tuduriniis
uazinanszUIUMIUNs vesdszdaadngszuvae 1 [2]
= = =< a A o 1 A A g’ Y @ .
imsanwiaalszansmsveamsihaslisaunazaiei Taons e laTaa1uiy Pluronic
Y I = = [l Aa o % a?’ A o
F127 iusymavinau Ty InsnaasamssurmunIHInIiYesaynInszauu Tuil Tagiidn
' Y v
wlslumsanuiaevuiavesTisdunazarerinaaiu Tagld FITC — BSA (67 Alamadn)
. . a @ I o A o Y = 1 @ =< =<
e FITC — insulin (6 nlamadu) uaulsnir ldvuevesTsauaeny vasdnyiman sy
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4. ?3awa(Emulgel)
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5. alanunazalasnulalasnaolse (Lidocaine and Lidocaine HCI)

CH, CH,
C.H
o5
P
NH-CO—-CH,—N NHCOCH,N(C,H;), = HCI « H,0
CoHs
CH, CHs
Mnseno 4 mMwisenou 5
neaaa Iasaadeueed lamu [12] naadlnssadvvesalasaulalasnae'lsd [13]

[ s o

a . . 3| A = ' gl ' g} 2
alasau (Lidocaine) Lﬂumﬂﬂmw1zmqmgﬂuguaaauaza181uumu ‘lmzmﬂmuaw
o o Y o a 7 & v .
AMNAIAIAT asetunua lasiau lalasaae lsa (C,,H,N,0.HC) Wusyiusues hydrochloride
d! :’ = v A o 1 1 a o 9 o R ==X 1 d‘
Faza19 U LazlnNUANAIA 1asuINMSHIAEIRIUNINAIMTIAD9AILND9M pKalli9391n
J A 1 1 J a = 1 <
1 pKa "U@x‘lfﬂ“lﬂlﬂ”l"ﬂ%ﬂﬁﬂuiﬁi‘gﬂgi%ﬁ’ﬂﬂ 7.5-9.0 Lazalasaui pKa =7.68 T LRGRRFUSIAT
1 g y { A o A 1w @ uBJI @ Aa va ) o
A5A-A14 (pH)  veulatganmnieliauniny 5 aaiudrnnlandaiulessuszanisoin

AU 1dd1nI [1, 14, 15]

autidvesalasnulalnsnaslsa (lidocaineHCI :C H, N,0.HCI) [13]
- lundndun, yanasumal 127-129°C
. ﬂlgﬁugmﬂﬁmonohydrate ﬂzﬁqﬂmaumm 77-78°C
. azma"ls?f‘lm‘fw, 119anNedoa (alcohol),nan 15Wo5u (chloroform)
- liiaza181udimes(ether)

J I 1 g’
annuilunsa-ae (pH) ludsazaenh dszina 4.0-5.5
1A . . = =2 1 a o qgj v J Ao =
WuaTasiau (lidocaine)linnuenunsa lumsFurmrmmisdudaaduaesiiionidr 39
H ] 9
Mlddedldlsmadlasau luanududuigs meldedidszaninmlumssn auiudeila
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o w Aaa I v o W ~ v A 3 = a A o
ANTUATHIIVTURNIEN ‘1/]1]?1Iﬂilﬂulﬂuﬂ?ﬂ?ﬁ?ﬂiylwEN@'I'JlﬂfJTL!‘Ll ll‘]JigﬁTl‘ﬁﬂTWGluﬂ'ﬁGIﬂ@n

4 [ o 1 a Y] 09/1 [ 4
esendanndin luansaFurimissudaswunesiiion [16]
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6. NV URMIZNHITINNNIVIHY[1]
A g ' . v &
o1 uamizn iuaslsznouveIansngy —ester 1A —amidesIATIATINNUFIU
4 v [ @ 4 %
U32n9UAY lipophilic ring LAz amine hydrophilic group NABNUABWHTE laTaTmsuoU Feen
Y 4 [

19 2 nguilinnuuanannuiaNuaIdIvesdInd iy daulrger lungu —ester 92 lingen
Tussazarenazaaisladielu plasma cholinesterase 1182 esterases@a01e ATInUTWIT1 IUNG

. I 1 Aa o o A Yo 4 @
—amides LTJ1!ﬂqll1/]llﬂ'J'lllﬂ\1@'J1]1ﬂlla3ﬁaTﬂ@ﬁLN@llﬂﬁﬂlﬂullmu%Tﬂ@]ﬂ

A3 2 LAAIFURNIE NN T VNIV [1]

Agent Concentration Onset of action Duration
EMLA Cream 2.5% lidocaine + 2.5% 60-120 min 180 min
prilocaine
Ela-Max Cream 4% lidocaine No clinical studies No clinical studies
Amethocaine Gel 4% tetracaine 40 min 240 min

Lidocaine Acid mantle
Velvachol 30-40% lidocaine 20 min 30-60 min

Ethyl chloride Spray Skin refrigerant <Imin Transient

I ~ =) =y a a . . Yy 9
EMLA (Huesunnign qiflJL!,‘iJ‘]JiS‘Ii‘JJ AT 2 BUA Wiimﬂu (Prilocaine) AMLAUNUU

a { [ a [ @
2.5% 18z Alasau ANUTNIU 2.5% ARANAUAI8MALA Eutectic mixture Hag dniluingnin
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daiul A5 U[17][18]91NMITANHINUINYIBING 2 %uﬂuﬁ]zummﬂmﬂummmmmgiugﬂmm
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I A
ELA-Maxiilugnsuamizl Iidaend 1A Ao alasmuanududu 4% alasau azgn
= Y 1 a . d! a ] Q’ v =< Q’
w3en1iussged1ualn ey (liposome) 9 I Tz HIBNUBATINTAATUVDIL LAZINNAIIY
asanmlnnuaie (Untlosdrend1dyainnisgn metabolized)  910MFANYINIIARTNVDS
. Y= aa K a [ a A
Lawrence F. Eichenfilettazaatz laany1naainnimsdsziuanuilasassuazalszansan
= o 4 < o
M300NYNF10Y ELA-Max Iaoifieunyu EMLA iioaannuauilinainmsmizvaoaaonslu
I 1 I 1 qgj [l { [ {
IANINNGNAIDE19HNA 120 AU TAsuLaMInadeunNszezan 19 nguusniina 30 i
1% ELA-Max 1 lifimsiladaeiagvioniules 1leunt EMLA Cream #laviudlsiagvionuy
oA d' = 9 Ay 9 [ [ Y =1 [ d'Q o 9
AU 2 3@ 60 W1 19 ELA-Max Niladagdagrerinlas Meufy EMLA Cream Nilanudog

Y ' 9 ~ 12 a Y @ 1T 9 A A (%
Yaavedu wumsld ELA-Max #i hilimstladaeiagredulanfizo widi innulasaseuas

< ~ ] 9 Any v 9 [V 1 Y A ~
ﬁ’liJ’liﬂﬁﬂﬂTl?Jﬁ]Uﬂ?ﬂlﬂﬂﬂﬂﬂﬂ’liﬂl% EMLA Cream ﬂﬂﬂﬂﬂﬂ?ﬂﬁﬁﬂﬁﬂﬂﬂﬂnﬂ’l 60 1N [19]
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1. 9in3al 1nJeadenaza1sIngi(Materials, Instrument and Reagents)
¢ A A
1.1 9Un3ai 1n509M0
1. Franz-diffusion cell

Perme gear, USA

2. Cellulose acetate membrane 0.45 micron Merck, Germany

3. High Performance Liquid Chromatography (HPLC) Agilent technology, USA

4. Vacuum Filter Merck, Germany

5. Sonicater Crest Ultrasonic Cleaners, New York

6. UV — spectrophotometer (50UV-VIS) Vankel, USA

7. Centrifuge Scan Speed mini, China
8. Hot-air oven Memmert ,Germany
9. pH meter Thermo scientific, Germany

10. Rheometer Thermo scientific, Germany

11. Hot plate and stirrer Jenway, USA

12. Zetasizer Malvern, England
13. 1959959815 4 fividq Mettler Toledo, USA
14. Homogenizer (Ultra-turrax T8) IKA laboratory, USA

1.2 5nd

1. LidocaineHCI Sigma, USA

2. Prilocaine D-BASF, Switzerland

3. Chitosan from crab shells (high viscosity) Sigma, Japan

4. Bovine serum albumin Sigma, USA

5. Span 20 Merck, Germany

6. Tween 20 VSTMEN Ash 1F1m05,
Uszna'lne

7. Light liquid paraffin VTENAS a0 s nfl,

Usznalne



10.
11.

12.
13.
14.
15.

16.
17.
18.
19.
20.

. Propylene glycol

. Ethanol

Methyl cellulose

Carbopol 940

Paraben concentrate
Acetonitrile (HPLC grade)
Methanol

Sterile water for injection (SWT)

50%w/w Acetic acid
Gacial acetic acid
Na2PO4-2H20
NaPO4-2H20

NaOH

ax =
2. I5MIANYN

11

@ @ <3

Aa A J
UIHNEN A0 [BUNDT,
Uszme ng
Merck, Germany

o

USEMAE anws nfll, Usznalne
Y] [ <3

a A J
UIHNYGN QTN IFUIADT,

szmalne

LAB SCAN, Poland

J.T. Baker,Poland

Thai nakorn patina co.LTD,
Thailand
Inenasy, Uszmalne
QREC, New Zealand
Univar reagent, Australia
Univar reagent, Australia

QREC,New Zealand

1. maseuasmalamilalasnas lsadmsuldmeven laun lalasia

(hydrogel) w1 luoa (nanogel) azdNaloa (emulgel)

1.1. mam3ealalasioa (Hydrogel)

o :’ 3| dy = @
: ﬂigfﬂ’lﬂﬂ'ﬁiuwaa 940 (carbopol 940) a\‘lﬁluu']i]l‘llﬂl‘llu’ﬂlﬂﬂjﬂu

a 4 1 a
- wssuasazaneena lasau lalainae'l5a (lidocaineHCD) Tasugiazaisena las

Y
wu'lalasnanlsd luii

Tasiaulalasnae lsamudvuasluaisazatoas luwoea

Y
nntiuduauealasaulalasaaelsaasly

- punsonInsanlnasa (propylene glycol) 19N1U0A (ethanol)ilaz E15aLA0ETA

o 1 < 1 J {
- J5umanudlunsa-aapmaie laseni Tuan lud(triethanolamine) (113197 3)

1.2 Msm38u1uaa (Nanogel)[20]

I 4 ]
- n3z18'la Taa 1 (chitosan)ad 14 0.75%w/w acetic acid 31 uiiipIAE Y
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v

© zA189aYNY (Bovine serum albumin) a3 luingmngi 50 osrsaitya
- Wlamsnansazate lalasuaddu esazaredayiiudadu 35:25
A Y} v a 9 A y . M
(m33°197 3)(varz lawsnldeasazaedayiu Huwaiesiluniuasstirenaunsy 1 59 1u9)
= a ° a
- s suvamNNalsag lad (methyl cellulose) Inamisiwumnaag Tad lazane
g‘ =Hq ¥ Y 14 a 2 3 A a o
Tuihalianudeousulagamngll 60 eerurademvuiuiionodiu
o Ay v a 3 A o Y a
- dunTuaait ldwavasluumiamag Taeaa wauauihuiie@erny uaziay

emueanulidiiu Gadmu Tuwademniiamag lagaseniuea= 60 : 30 :10)

1.3 Msta3eadNawa (Emulgel)[16]

1n383198 (Gel phase)
P J F P - o & Y
- N33 luwea 940 adlurihnudluiis@edny Usuaanuilunsa-aedie
o
lasiemTuan lud 1414 pH 6-6.5

IN38ND %1 (Emulsion phase)
- 3,AINN (water phase)lAUNIU20 (tween 20) ad luaisazateena lasiau lalas

s Y g‘ o v [ : =
ﬂaa"liwazmﬂmwﬂumsu WANTITNULNY (paraban concentration) m‘luwsawiwmu'lﬂﬂ@

anewanluensazaededu uazii luTianudonau ldgungi7s esmiwadoa

G

w

79011137 (oil phase)az Ao u20(span 20)as TudiHava(light mineral oil)

Y=

uazTianuousuguugiine 70 esrumaiFod
A o :’ :’ o Y A Y o w g‘ o [
- iilodgmarhuaziiuinldgunginmunsauuanirigmariiiunwauasludy
Y 4

M avudladuangurglavamemusaad lauldidnnu naminiudundiaduiiua

3| dy = @ [ 1 1 Aawv W A
"lﬂ“luma ﬂuﬂmﬂumammr}u(am1muma@1@auaw =1:1) (M3NN 3)
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o w a J
M3 3 meqmmmmammaTmﬂu"lﬂmﬂaa"lsﬂ

Hydrogel Nanogel Emulgel
Ingredient % w/w  Ingredient % wiw Ingredient % wiw
LidocaineHCl 4 LidocaineHCl 4 LidocaineHCl 4
Carbopol 940 1 Chitosan 0.75 Carbopol 940 1
Propylene Glycol 5 Albumin 0.2 Mineral oil 17.5
Ethanol 30 0.75%Acetic acid  30.25 Tween 20 0.5
Triethanolamine 5 Ethanol 15 Span 20 1
Purified water g.s. Methyl cellulose 1 Propylene glycol (PG) 5

Purified water g.s. Ethanol 7.5

Parabene Concentration 0.04

Purified water g.s.

[ o a d
2. fn‘iﬁﬂ‘HTdﬂ‘HﬂlZ!ﬂ‘W1$"lll’i)Qﬂ15‘]J!°'l]aﬂﬂﬂﬁiﬂlﬂul’laiﬂﬁﬂﬁ@“lﬁﬂ

(Characterization Study)
= WA
2.1 MIANHIATNUANINNIYNN
= =
2.1.1. MIANHIANNYIUA
‘lflﬂﬁ’e)‘Uﬂ’JmﬁﬁﬂﬂlmLLGiﬁ%EIﬁiﬁ1§U #781AT09 Rheometer (Thermo  scientific,
Germany) N1l 25 °C Shear rate 11%34 0.1-500 50VADUIN
2.1.2. msanmanuilunsa-as
I 1 1 o W 9 A o 1 [ A
‘nﬂﬁ’a‘ummvﬂuﬂm—mwmgmazqmmsu Iﬂﬂi%tﬂiﬂﬂ?ﬂﬂiﬂ-ﬂﬁ@@ﬂﬂﬂﬁ
(DigitalpH-meter) (Thermo scientific, Germany)uéj’sﬁ]ﬂﬁuﬁﬂ
2.1.3. ﬂ1§%ﬂﬂlu1ﬂ®1§ﬂ1ﬂﬂli’)ﬂuﬂu!§]ﬁ[19]
MIANBIVUIADYNIAVDIUT 1UIAA8IAT 09 TAYUIADYN N

a

Zetasizer (Malvern, England)1iénognaunazatoionszatonnuruinuuuazini ) ianguvgl

U

25°C LlﬂaWﬁf]’e)ﬂll1ﬁjuﬂ'WuW]ﬂlgﬂmu’dzpolydispersity index (PI)
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2.2 msfinaNdAmMand
2.2.1. manaaeumifSinamiendngluimsy
¥R 15 UagImeazlssnnvinilszuna 1 nTU WNLNIUea (Methanol) 151195
a Aaa A o Y = o y = A Y 031’ = <
30 Haaans o Iinadeanin vaziir liumiesaie ldmannaznouuensu 1 AusI30U
[ A g ~ Y KR o 1 a J Aa 9 A
12,000 39UADU 1Wua120 wn udruihdulalAmszimlsunaedlemaiia HPLC
(,Agilent technology, USA)
2.2.2. MINUAT wﬁﬁjiﬂHigh Performance Liquid Chromatography (HPLC)
a1361061911NT09A8INADITINT 04 polyvinylidenefluovid (PVDF)
YA 0.45 uM LAz INIATIEHAIUMANA HPLC (Agilent technology, USA)
d' 4' a d
aANZVaUAIDY HPLC N¥lumsdnsigs
+ flow rate :0.8ml/min
+ Detector: UV detector (254nm)
* Column:Column C 18Phenomenex (250 mmx4.6 mm x 5um)
E2
* Mobie phase: Giacial acetic acid 50 ml 1u1i1 930 ml (pH 3.4) L4a1g acetonitrile
(80:20 v/v)

3. maanymsianilaeuen

N3RS UEATA1 tNenadouns1anllapee1@ae Franz diffusion cell(Perme gear,

a

1 @ 4
USA) Tag1d membrane nagaau receptor 32 UssyWoamativies pH 7.4 nadouTaesldgungi
Y ] g‘ o @ { <3 % ' 1
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Cases
() Walid Missing Total
I Fercent I FPercent I FPercent
Religve_20min ™ Type G5 95 6% 3 4.4% Ga 100.0%
Cases
() valid Missing Total
[+ Percent [+ Percent [+ Percent
Relieve_B0rmin * Type fi1 89.7% 7 10.3% o] 100.0%

] v
Lﬁ@ﬂ%’ﬂllﬂllé}il 60 1IN WUNNNMINATOUNINUA 68 AI0EN (34 AU AUDY 2

Y [ 1A 9 9 [ A a < o @ ' a g
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Relieve_20min * Type Crosstabulation

Twpe
(). EmLA LOHCI PLACEBD Total

Felieve_20min -1 Count 1 1 1] 2
% within Relieve_20min a0.0% a0.0% 0% 100.0%

1] Count 25 18 a 51

% within Relieve_20min 489 0% 35 2% 15 7% 100.0%

1 Count 3 g 2 10

% wiithin Relieve_20min 30.0% al.0% 20.0% 100.0%

2 Count 1 1] 1] 1

% within Relieve_20min 100.0% 0% 0% 100.0%

4 Count 1] 1 1] 1

% within Relieve_20min 0% 100.0% 0% 100.0%

Total Count an 24 10 fa
% within Relieve_20min 16.2% 38.5% 15.4% 100.0%
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(sll). Type
EmLA LOHC PLACEBD Total

Religve_EOmin -1 Count 2 1 il 3
% within Relieve_G0min GE.7 % 33.3% 0% 100.0%

1] Count 4 B a 14

% within Relieve_G0min 26.7% 40.0% 33.3% 100.0%

1 Count 5 11 a] 1

% within Relieve_G0min 23.8% a2.4% 23.8% 100.0%

2 Count g 1 a g

% within Relieve_G0min a38.9% 11.1% 0% 100.0%

3 Count 4 1 a ]

% within Relieve_G0min a0.0% 20.0% 0% 100.0%

4 Count K] 1 o 4

% within Relieve_G0min 75.0% 26.0% 0% 100.0%

A Count 4 0 0 4

% within Relieve_B0min 100.0% 0% 0% 100.0%

Total Count a0 21 10 g1
% within Relieve_G0min 45.3% 34.4% 16.4% 100.0%

a J 1w 1 4 Qy A ~
A1319 8 AT IzHANNLY U5 IU (ANOVA) VNNQUAIDYIN Lﬁamawmﬂ%’mam 20 UM

18z 60 UM (p-value>0.050)

ANOVA
Sum of
Squares df Mean Square F Sig.
Relieve_20min  Between Groups 478 2 239 520 597
Within Groups 28.507 62 4860
Total 28.985 64
Relieve_B60min  Between Groups 27.909 2 13.954 6917 .002
Within Groups 117.010 58 2017
Total 144918 60

a Jd aa a 1w 1 4 Qy {
A1 9 UATIEHADAUBINT T (Descriptive Statistics) VBINYUAIDYN L‘ﬁ’[’)ﬂ']ﬂ'lclﬂﬂﬂll%ﬁ

= =
1391 20 N 1ag 60 UIN

e e

85% Confidence Intanval for
hiean

N Mean | St Deviation | Std Etror | LowerBound | UpperBound | Minimurn | Maximur

Relieve_20min  EMLA Kli 13 A07 183 - 08 Ky, -1 2
LEHCI pi A1 00 180 - 08 il -1 4

FLAGEED 10 20 41 133 =10 Rl 0 1

Total il 21 A7l 83 15 3B -1 4
Relieve_60min ~ EMLA ki YAl 1.768 a3 144 276 -1 §
LDHCI n A0 1.091 238 41 140 -1 4

PLACEROQ 10 Al a1 187 11 i 0 1

Tofal 1 1.43 1.584 189 1.03 1.82 -1 i




26

=X N
2. MSANHUTDEININVDIUDAEN
= o o os/' d‘ =< v Y an
NAMIATINAITUIANT 3 JUUVD 1INBANYIANNAIAINIYIT freeze-thaw cycle -20 °C
v v 9

241 Tua uaz 45°C 24 e mau 4 Aging  NUNANBULNNAIUNEATNUDUIANI 3

= <3| dy = a A ! A o dy = ' d? o 5%
suny Banuihuiteded sslimeaagduuuun TumananyaziipalANUYURINYUAUN T
Y ~ 1 < 1 ' ' = o w A =~
90359 2 AN UNIA-A13 (pH) 920g11HH9 5.0 -6.5 (113199 10) pH voImsunlasuuauiies
< o "o J a J o @ ' . .
rantios uazNNA1Ty pH UA1d1n1 pKa vesdlasiaulalasnanlsa shldaaereglugl ionized

' v =< o Y R 3 Yy = < Yy 9
@’]ﬂﬁ\iﬂaolWﬂWﬁ“]ﬁJN"Iu@']“lﬂ FINANTINAADINTOAAADINUNITANHINITHUNIUUDIYTIVINAU

{ 1 I ' 3 a { '
A1519% 10 AMANUYuUnIa-aA19 (pH) ¥931901N4 3 ¥UA NAAIZLT
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lalasioa 100 + 1.40 89.69 + 0.40 82.9472 + 0.09
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