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RESPONSE 

Chitosan nanoparticles are potential system for nasal vaccine delivery. The important 

factor that influences the efficacy of delivery system and immune response is size of particles. 

The objective of this research was to study of the optimal size of chitosan nanoparticles 

encapsulated with ovalbumin (OVA) as model antigen for nasal vaccine delivery. Chitosan 

nanoparticles were prepared by ionotropic gelation method with changing of chitosan 

concentrations from 1-3 mg/mL and the mass ratio of chitosan to sodium tripolyphosphate (TPP) 

from 3: 1 to 1. Nine formulas were examined for physicochemical,properties such as size and 

zeta potential of particles, entrapment efficiency, loading and releasing capacity by BCA Protein 

Assay, stability of antigen and nanoparticles by SDS-PAGE. Three formulas represented small 

« 500 nm), medium (500 - 1,000 nm) and large size (1,000 5,000 nm) ofchitosan nanoparticles 

encapsulated with ovalbumin were evaluated for in vivo immunostimulating activity related to 

ovalbumin solution by enzyme-linked immunosorbent assay (ELISA). 20 }.lL of each formula 

containing 20 }.lg of ovalbumin were intranasal given to Balb/c mice at the week of 0, 3, 6 and 

killed at the week of 9. Blood, feces, saliva, nasal lavage and vaginal lavage were selected. 

Humoral immune response (HIR) was evaluated from Immunoglobulin G (IgG) levels in serum as 

systemic immune response and secretory Immunoglobulin A (sIgA) levels in fecal extract, saliva, 

nasal lavage and vaginal lavage as mucosal immune response. Cell-mediated immune response 



(CMIR) was evaluated from splenocyteInterleukin-4 (IL-4) and Interferon-y (IFN-Y). The results 

showed that formulas composed of 3 mg/mLchitosan were stable. When the mass ratio ofchitosan 

to sodium tripolyphosphate (TPP) was increased from 3:1, 4:1 and 5:1,the sizes of chitosan 

nanoparticles were also increased from small (249.67 ± 29.6 nm), medium (559 ± 17.21 nm) and 

large size (1,240 ± 62.45 nm). But the percentages of entrapment efficiency (76.49 ± 4.72, 68.52 

± 6.01 and 66.77 ± 7.95) and loading capacity (31.62 ± 1.52,27.61 ± 1.68 and 27.03 ± 1.27) were 

decreased, respectively. The antigen releasing capacity from nanoparticles of these three formulas 

were all better at pH 4.5 than pH 6.8 and pH 7.4. The percentages ofreleasing capacity in pH 4.5 

within 2 days were 86.62 ± 1.52, 85.20 ± 1.44 and 83.02± 1.36, respectively. After kept those 

lyophilized formulas at 4 °C for 3 months, they were still stable both antigen and chitosan 

nanoparticles. The result of immunostimulating activity exhibited that chitosan nanoparticles 

encapsulated with ovalbumin stimulated HIRbetter than ovalbumin solution. But there were no 

significantly difference between the particles sizes. However, the trends of sIgA levels in small 

and medium size were found to increase in saliva, nasal lavage and vaginal lavage. CMIR 

immunostimulating activity ofchitosan nanoparticles encapsulated with ovalbumin was also more 

than ovalbumin solution.Small and medium size of nanoparticles had IL-4 and IFN-Y level more 

than large size. 

In conclusion, the optimal sizes of chitosan nanoparticles for nasal vaccine delivery 

are small and medium sizes. Because they had better physicochemical property such as positive 

surface charge, high entrapment efficiency, high releasing capacity especially at pH 4.5 and good 

stability both of antigen and delivery system. Moreover, they also stimulated HIR both mucosal 

immune responseandsystemic immune response and CMIR. 

http:1.52,27.61
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1;j1J1:1 '" Vd1fltyiijj f.lf19i6fllni1ri "'lJfl 'U1J 
JJ o,......It "" I JJ ... JJ '" ...I , 11 '" 

Uf1::: NALT \PI 

'" , , ...I 1 JJ ""Jt '" .It... •

\11..t Uf1:::fl1'.i1l1:::1ijlJ qYlifl 1..1 1 vi1,1I'Vf1J11'U 1..1 

5 f.U11 n'1111H1Hl1J1a61JFb M1fl:j1..t 
• .., " ,11:- mucosal immune response 1m::: systemic immune responses (Kang 

et aI., 2009) Nagamoto et al. (2004) 
11 , 1 ...I... d. JJtl1V6lifllfl fl nm Uf1::: 1,000 nm n'11l11ilfl'.i:::9!1..1 systemic immune ., 
response IgG Uf1::: 19A 

mucosal immune response (in vitro) 

APes • 
'111 fl1'Wl{iiLtif1 '1..tiln-ulJ lfllJ111..t.. . . 

1,(1..1 ij .. 
flQ.Q _I .-dQ tI 

220 ± 28 nm +11.45 ± 2.82 mV systemic immune 

http:1Jl:::~Ylf.l1
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response UCI::: mucosal immune response 11C1::: 

(Mangal et at, 2011) 

tlll1W i flfJ 1ffVfl CI CI:::'j :::tIti 1 'tfllL1tJ'U i H1 flfl 'h 
common mucosal immune system (CMIS) APCs 

APCs 

L"If'U 
Q 0'0014 dd 

(Kobiasi et aI., 2012; Park and Babensee, 2012) \l-31Jfl111J 

1 a1 1".J 1 1 1""" "" 0' ... ... ".,1,,,,1lJ'U 1J fl I9lU'IlJlJ1 lJff1'5'nlflCl'n 'Jf \l:::fl'j:::I9l'U... 
fJ 1Jti'U' 1J l1tU 1 

1d 1 n 'j 1 tJ 1'U fl1'jfYfl1l11 ri tJ1titI fl1111 fill";'U 'U 1 1 fl1 I9l U'I'U 
tI • ; ,II" 

1 fllI9lU'I'U 'U 11 'Uff11iilft l:::11'1Jth'tfi'tI 
" mucosal immune responses UCI::: systemic immune response 

(Ovalbumin; OVA) 

1fl1 I9lU'I'UlJ11 'Uff 11iilftClff111i'tlm'j fl 'j 
" . . A • , ....... mucosal immune response UCI::: systenuc Immune response 111fJ'U111'-31fl'l'U'nH'ljfl 

1flll9lu'I'U'U11 mucosal 

immune response 1"'::: systemic immune response 'my 
A • I '" ... '" .. 

l1J fJ'U 111' 1fl'l'U'n1-3 \lljfl" fJ-3 



• • 

4 

fl1'iff01l1\11'IJ'U 11

lrlml1ff 'U'U 1'i1it! . 
1.4.1 ionotropic gelation 

1 6 

sodium tripolyphosphate (TPP) 

1.4.2 lPlIICffUU11U'ftli;1aAQ 
1.4.2.1 <1l1tJl't1flUfl dynamic light scattering 

(DLS) u-a:; laser doppler electrophoresis (LDE) 
CIt. 41 QI d .ell 

1.4.2.2 1lfl'i1:;\1fl1'inmn'U (entrapment efficiency: EE) 

(loading capacity: LC) <1l1tJii bicinchoninic acid (BCA) protein 

assay 

1.4.2.3 'U'rni'iiltl-a 

pH '1 <1l1tJii BCA protein assay 

1.4.2.4 l'U 'U'Vni'iiltl-a 

sodium dodecyl sulfate - polyacrylamide gel electrophoresis (SDS-PAGE) 

1.4.2.5 11 'U'Vni'iiLtl-a 

1.4.3 ftflla8nth1u'"lfluClfuul1u'fni,hAQ ;11U1U 3 f11111 • 

ct ". 1 '1' '"ct1.4.3.1 5 J1m 3 'IJ'U1Pl fltl 

(1,000 - 5,000 nm) (500 1,000 nm) U-a:;'IJ'U1Pllgn ( < 500 nm) u-a:; 

1.4.3.2 

1.4.3.3 pH 4.5 pH tlltJl'U lysosome 

antigen presenting cells (APCs) 

1.4.3.4 

http:tl1:;lihlfJWi.nl1M,.tl


5 

" ....... , 'r 'r <I...... 0'" A 1.4.4 fllfllICJUUllUl111nlflQ VI':' 3 Pll'nJ IlJ01'11 
iI 

'JI 

Vl1,HliJflllri-nPl{Vlo;nW-3 enzyme-linked immunosorbent assay (ELISA) o;1':'U 

1.4.4.1 Systemic immune response humoral immune response (HIR) 

1I10'):0;11J IgG Ua:fffl1:11 cell-mediated immune response (eMIR) 1I10'):0;11J IFN-'Y na: IL -4 

1'U9fi'lJ 

1.4.4.2 Mucosal immune response lf16ffmn humoral immune response 1110 

') ::0;11J sIgA 1 'U,]la18 iJ" ffU fl '110-3flaOfl lla:: ff1,) -31 'U 1'VtH 1IiJO'\l 0-3 
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'fl1,1I1..'U'U11'UYniiilftO 
_I ..... 

'U'U1AUfI::u'l:: ,'nFfJ 8'111111'1 

fl1'1 fI:: tIflfltlfi 8 fJm)'U ftL tU 

8UftL fI:: 1'111'UfI<II1'l1Y1VlfllfJ1I1Yl'U8<11'1'11ALL"lfUU11UYll i'iiLftfl 

Mua8fl,h'u'fl1flu..'U'U11uyniTilfto U1Ul'U 3 ,h,u 1fltll"anw.n 
d I '" I .-1 "'_I.....8'11.fllI'1'11'Ulf1Lnflfl115 j.l.m UfI::'U'IIU1f18'11111f1 11qJ flfl1<11LLfI::lflfl LLfI::'UU'l::,Y1f1"l8'11111f1LlJUU"lfl 

'" ., d _I _I' .. , ..'" 'Ufll'lflflLfl'ULLfI::uflflufl8fJLL8'U,mlU fIfi 

LL8UftL'ilULLfI:: 'l:: UlJ\hti.:.!iil'l"ll'UtNI'l"l 

d ., • ... .t, JI""... I! ., " 
LflUA "l 8 fJ1 <IILfI 8f1LLfI:: \! fI tfA"l YI fl fit) .:.!fl8'U1111tl"lf'UUfl n:: tl'l fI:: 11 t{flfll 'lYl Afl8.:.!  

L "l 8 fhnl1 fI 1 fJ un:: 1'1'11 fl A11 ttui 1<11 '1 fl8 1'1'1'1 flfl11 tt<II 1'U 1 on H 'il \! fl U n:: I'l n 8 fI  
d.,." ..,"

LLn::LflUfl"l8fJH'Ul'U11'I.J 11n.:.!ff'Ut{flfll'l'nflfl8<11 

'nftiJ8uq'nifl1Ztj''U.oi#l1Jii''UlIlfl1::RU IgG, sIgA, IFN - 'Y 110:: IL -4 

Rltll'nfliin ELISA 



1J'YI'YI 2 

...... ,
2.1.1 

" Tl1tltlfl .... 'j 1.. .. 
(nasopharyx) tllll'u1.... 2 ...h nasal septum 1....H'iI\tn 

tI t ".4 X .dQ ... 1 2 .Q ... .. I 3_1 160 cm 15-20 cm 
"4 .d "Q.I .c::!\ • ! 0'-'1" 4flll1ffl'j11l6n (mucus) sialic acid Vl1 tl1ff1'j11l6n 

ijfftll....lrJumfi pH 5.0 - 6.8 pH 

6.5 .... (Csaba et aI., 2009a) 
U • 'II 

" ." 
U6n'il1nU ff1'j,i'1 111l6U1ttrlfl1f11l1'l1Uflflff1111'j fin 1f11t1 l116V1JV.am'j 1 'ill 1J1

" .
1f1'j 1 1U

nasal vestibule 1m:: atrium, respiratory region olfactory regjon 

....ape.,11X 

.:l 
1l1't'f'f12.1 (Grassin-Delyle et aI., 2012) 

http:tmrJu'thUUm'tltNVl1.al
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t d , d t 'jJ' I 

ff1U nasal vestibule UtI::: atrium lUUff1UU1fl'lltH'illJfll'ltllfl1f1N1Ul'lllff'HUl1U v 

stratified squamous UtI::: transitional non-cilliated epithelial cells 

hl"L1m,J U'tlU lh1 M'Ufl1'l ff -3ff1'l • I1W rl'U' tlU ff1U 

11hhtityd1l1f lJ1 :::lJlJ'thri '1Ull'll-3 'illJfl 
, c::: I d QJ 

ff1U respiratory region 1 UU ff1Ul'llJV'lUN1lJ lfll'll!y;t'll tl 'I i) lJ fl 'illflfll1 l'l NU-3 

i)lJflUri1u 1 -3;i'u ..,,1 1tl'l tJfl':h nasal turbinate v v 

pseudostratified columnar epithelial cells, 
,. lIA.Q A I tlfjI q " 

columnar epithelial cells, basal ",,::: goblet cells 
. " . (( ,. a .Qtight junctions fl1lJf]lJflll N1W'IIltltlfl'll tl"iffln:::111l-3tl:)f"" (paracellular transport) L

.1 " .k... ... .... I. """I" .,. IIIU 1::: fl tllJy;t1U columnar epithelial cells 1:)f..:J lJfl1111 1tltJl..:JUU Ul1Ul U,,:::lJ LlJ l fll1" l" 

(microvilli) 1UlJlfl 1lJfla-3utI"fl tlfl (mucus) tltlfl 

l1luhri1UlJU mucocilliar clearance fhfll1fhiy;t 

15-20 ulii ih1 M'lfly;tfll1'lllff 1 • v • 

Ulfl pseudostratified columnar epithelial cells nasal turbinate microfold 
q Q,I q tI ." q " at !Q,Icells (M cells) lJ microvilli uml tlfll'l..:JffllJ1Hl 

globlet cell 

ffl11ijtlfltlgU'tla 'Will11'1 1 'illJfl 

" lJ111W U 1UlJlfl ffl1 1 tI U..:J systemic system

portal vain first pass metabolism 'IItl"ial1';{ 
'JI ,,, • , 'JI 

I1W respiratory region lJ111tlJ'ii -3 all'l1..:J 'illJflli..:J tltltlflQl'lili-3 I1lJlJ local 

",,::: systemic system (Kang et aI., 2009) 
" . 

ri1U'IItH olfactory region 200-400 

mm3 columnar epithelial cells receptor 

f1lJ'i:::lJlJtI'i :::ffll'lri1U olfactory bulb 'Wi-I 1 M'l't11J1:::1U fl1'l'lllri..:JtJ fflJtl-3 

n1tlnlmn11l\jfl,jy;t'll1l"i'illfl blood brain barrier (Chugh et aI., 2009) 
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Paracellular pathway transcellular pathway 

Ciliated Basal cell Goblet cell 
Columnar 
epithelium 

2.2 (Amidi et aI., 2010).. . .. 

01 .4 q, dl 

m'l 'I-llff ·H'11'l NnWJ fl'tJ "lJmJ fffl.:J '1HH'YI H fI fl transcellular pathway U"'::: 
, " JI " 

paracellular pathway m'lYiffn inhn!'I-l 
.. Q,I d. " (AmidI et aI., 2010) 

2.1.2.1 Transcellular pathway 

1) Transcellular passive diffusion 

pH 5.0-

c$ • ... ell • ..;i'.1 0i"6.8 1 kDa 'I1ty'IJ'I-l\l:::'YIl 

(Grassin-Delye et aI., 2012) 

2) Endocytic process l1'J'I-lnCl M-cell 
.a d i 0" A A 

'IJU l'i'l'YI&'l1lJ1:::fflJ U m'lUlff.:J N1U M-cell 'IJ fl.:J'YI n UCI:::Wfl'tJ\llJn 

10 jJm "CI::: 1 f.lm 

ffllJl'lf:llYilJfl11lJffllJl'lf:li'l-lmnhff.:JffnNl'1-l M-cell (Kammona et aI., 2011; Rajapaksa et aI., 

2010) 
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.t:!l t • cltI 4' t t r:I 'J1 't v 
3.9 - 8.4 °A 'H'IItlltJ 

flflfl lmy L"lf'U 1 i.:llhnni(PJI'U1 

l:::lJlJU 1ff.:I'YI1.:l lIlJfl L"lf'U flll H;ff1l-WflL"lf'U.. . 
cholera toxin flnu 1ff.:l ff1l 1tJl :::lJmhff.;jL"lf'U 1fllflU9f'ULiJ'U W

5 11m ff1lJlH1U1ff.;j• 
OJ d , Jt Sf 0.9/ OJ II(Y

(Kammoan et aI, 2011; Kang et aI, 2009) 

Caco-2 cell monolayer 

• "'''' 2"" J"j ,I .,; ... '" 1 1 <I ... "" "" • '" 1l::'H1HL9fClCl LY'lfl'll'U Lfl flLl9f'U'U1 'U'W1l'YILflCllJlJ1flfl11 Lfl flUC)f'U 

1lJ 1m'W11ihflCl (Hafner 

et aI., 2009) 
v • 

c::! I <lid to' • .a ",
'U fl fl 11'11 'U 'IIfl.:1fl'U.fl1fl fJ.:IlJ flflll 'U1ff.;j ff1l WfllJ m'll 1 ff 

.. "q, <U 

'U 11'ULlJfll ff1lJ1HlU 1ff.;jff1l N1'U 1 

1"lf'U Desai et at. (1997) 
• III Jld f100 run ff1lJ1HlN1'U Caco-2 cell monolayer 1 11m IICl:: 10 11m 

"'" l"j "" 1 :.., ..l.J 3 6 l"j "" tl.;j 2.5 UCl::: 6 L'YI1 LlJflL'YIfJlJ UCl::I'WlJ'II'UllJ'U 2.7 x 10 LlCl::: 6.7 x 10 L'YI1 

Viva et at. (2005) 

mflff.;j PLA-PEG 200, 1500, 5000 10000 run 
'IV",,"" ."j .J{' 4 "''' 200 run 

Qil U 0 I cv -=t 
2.1.3 

• ttl'll 

lafllJFbLi'J 'U"lffl.;j 'YInH "fl n 1 ;ffll,j' 1tll1.;j fllfJ i.;j ij fl Cl 1 fl1Jfl.;j 0''U 'YI1.;j.fl ij.tlJO''U 'Vi.;j
q • • . " 

fl Cl' flflU1J fl.;j O''U IIlJ lJ hi 11'W 'II fl.;j if.;j uti Clfltl ClfllJ uri fll'i fl a lJ a.;j 
v 

lfl'lltNL;fflrifl pH 11lJi:h mucocilliar clearance IICl::flCl'fl 

f1fl secretory IgA (sIgA) 
" " fll'il lflUCl::lilCllfJ!;fflrifl hflrifl'U ,,::!,j' sIgA i.;jli'J'U "first-line of 

'I _'4"" ... ,1 "j"" v ,l"j: 4defense" L (Kang et aI., 2009) sIgA ffll.;j"lfl1'UflWfl'U 1111Clfl.;j 
, tI,. 'II 

nilfJfl11 mucosal associated lymphoid tissue (MALT) lUfllaflU1111iifl.;j111thilijlflHff!1.;jUCl:: 

f1fl M cells lflfJ M cells 

ihlW H 1fl epithelium cells i 11tI ij flU 1UlJlJ 'HCl1lJ'l tI 'U,j'HlJ H 

http:YI1.;j.fl
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t b] jlQ d ! c;i \Ii tf, d' 'fII 0' 'fII d'iJ microvilli 't!tW ffl1l1'H.l uptake ffl'H'IH'l lctrll.fl1tJ 'UlctrtH'I'U6tJ 111 l1lctrtH'I 

'II  'II 

• 
7 . 

• 
• 

. 
.c:t  0' Q ... • Q.

1l1't1f1 2.3  nasal associated lymphOid tissue (NAL T) lJ'inw respiratory 

region (Slutter et aI., 2011) 

'filA '"  ... .... _I 'j/M cells T lymphocytes 11l:'1: B lymphocytes, 

'antigen presenting cells (APes) L'If'U dendritic cell ILl:'I: macrophages LtI'U9l''U 

APes lymphocytes 

APes (lymphatic system) ILl:'I: 'i::1JU'" l:'IL1tJ'U 'hill' 
Clio 0  t Q Q , QI GI 4 A A : .ell d Q ,2 ...

6n..t L'wn 

• • II 

l1HmfJ1fllflfilJlnWLV01Jfbir'U'll'lf'U gut-associated lymphoid tissue (GALT) 

bronchus associated lymphoid tissue nasal-associated lymphoid 

tissue (NALT) 111fJhff1'U lJ'U (Jabbal-Gill, 2010) 

NALT lJll1W respiratory region NALT nasopharynx ttl:'l: 

oropharynx flO lingual tonsil, palatine tonsil, nasopharyngeal tonsil (adenoid) ilfJnmjllLifoLg6 
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JI jI , " 

'Ihn1tlmilh Waldeyer's ring t'\..lnll i1tl'iO'\..l 

(oronasal infection) (Lavelle, 2005) .. 

Mvcus 
I 

Effector sites 

J 
Cell 

., ,t " &'!l" talIll't't'n 2.4 nll'\..lln-3 antigen Nl'\..l M-cells (Gupta et aI., 

2011) 

2.1.2.1 Systemic immune response nl1Jllflu1.J-3V6lJ66mrl'\..l 2 fln'fl fio 

1) Cell-mediated immune response (CMIR) 
""" '" 1 .:, lilt! 'I " 0 '" '" ",,,,,... .ILlIJnn'YIHlJ1Jfl1Jfl'\..l tiW'YI1 L Ll1fl111JnlflG./fl'U T lymphocytes lIJ'I 

Vil undhnr'l'lIJ 'fll1'MihuiH'l 

""1'''' "+ " .I 4 '" " 'YIl'1lJllfJllfl'\..l I'M'\..I CD4 helper T lymphocyte type II IL-4 

B lymphocytes CD4+ helper 
+. 1'.14'" "°1"T lymphocyte type I CDg cytolytic T lymphocyte 'iI::nIH IFN-y 11 

t fI .s 0 

1f1ii1nllU'U-31l1Jnn1J0-3 T lymphocytes un::nlll1n'lnll111fl cytotoxic T lymphocyte ' .... tl'YIlnllJ 
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intracellular pathogens f11':iViHl'U'lJtl>3 IL-4 UCI::: IFN-y L1J'UUiJ'lJ negative 
" feedback Vil 'Ut't''Utl.:JflHflijfl'lJflW1J'U miH h .. .  .  

" q' ct d 0 Q.I I,. "11' f d d " " fl':i  'U IFN-y LVHN tl (lH (I 1 fI t't'11J 1':it) f11 'iI L 'lftlfl tl & ':ifl & I!J'U 'VI 'iI:::1J fI n fI ':i::: 'U f11 ':it't'':iH 
4!:11..c:l j/j/ 

(Mestecky et al., 2010) 'Utlfl'illfl'Ul1C1.:J'illfl T lymphocytes 
.dl  • .ck 0 ".d 0 Q Q: "IJI.c:t t 

'0:::1.1 T lymphocytes n L':i(lfl11 memory T 
A "" Q Qlymphocytes LlJtl memory T lymphocytes 

d d 'VI':i'UU':i fl ':i.:Jll':ifl. I 

., 
" . 

2) Humoral immune response (HIR) 

" B lymphocytes I'i L'iI'U Vil 1 H U 'iI'U'lfU 'lfU tl.:J 

Utl'U tl Utl'U L'iI'U UCI:::ijfl111J,hfityl'itlfl1':i 1 'Ull.:J f11(1 fl tl IgG 
" " 1 'Ut't'nUl.fl1(1 1 'U1Hf11 (I UCI:::ijU 'VIU1Y1thfity 1 'U h fl'lfU extracellular pathogens 

B lymphocytes Hl'UfiClifl'IJtl.:J CD4+ helper T lymphocyte T dependent 

pathway B lymphocytes 
"  . " 'lfU rll1 'iI::: tl 'U t't''U tl.:J 1.1 fl'U Vi l 'U U':i.:J1 m:::':i1 1 fl11fl i'.:J U':if! 11(1m 'lfU 

memory B lymphocytes B lymphocytes 

T independent pathway memory B lymphocytes 
 4.j/ OJ Q 

2.1.2.2 Mucosal immune response 

)jflCl imn;fI fitl B lymphocytes 19A 
I'iVfl11 sIgA polymeric form 

I9il.:J IgG Uft::: IgA systemic immune response 
.ci """i  ! ,,: '" IIJ 0'j/  f&flHCI'':iHllJ'U monomeric form (Mestecky et al., 2010) 'VI.:J'UL'Utl.:J'illflflft Ulf11':i'Ult't'.:J 

CI''U 'U Vil1 (I'Uu'llM'IJ tl.:J sIgA 

UCI::: IgA ,,jd'mi'Utifl'U (Kozlowski et al., 2002) UCI:::'iI1flflCl'fI'lJtl.:J CMIS Vil1,vf11':iUlff.:J 

2.4 



14 

F 
Tonsils & lacrimal, 
adenoids 

oJ 

1-•• 

-

.... 

-" 
nasal. & 
salivary 
glands 

(NAln 

BronchialBALT glands 

intestinal
iO mucosa  

Peyer's  Mammary patches 
glands (GAln 

Synovial 
Intestinal 
Large 

membrane 
mucosa 8 
Isolated  Uro-
lymphoid genital 
follicles (GALn tract 

.ci 1JJ QgJ QI  Q .4 Q 

11lYttl 2.5 mucosal immune response U'll'lWWtl1.!N1 

(Brandtzaeg et al., 2007) 

" 4 0 , Q2.1.4.1  
" " " i U ll.:JmtJtl'l:::1J1W 80% hHU 

14tlfltl hflVl1.:JfhuKltl1Jf:b sIgA mifl i Ufl1n'ilmtJl1fldltl.:Jou 
Q ,.l f 4 ", • • i 'JIQ,I .cS .d "4 .d Q Q Q,I 

11 1f1CJ1UUUUiliil m:'lUl'Vw.:J IgG CJ1.:J11JUUtlU'IUtliil11flfl 
" "  .1u fl1n;'fl1tJ1;ftlfltl hfl i U sIgA i U 

sIgA UflZ IgG 

1iil 1ft.:Jlf1;U VI HlntlU flU i flUfl:: flU1M'lf1;U 'till OU 
4  

iiilUll1W'H'd OUUll1Wlntl1JfhUlnw
· . i""'" tlQ " d d f .4 .d 1 " Q  Q.f11 fl1 'l 111f1CJ1U l.:.! 'l1J1WlltlU VI 'tifl.:Jm ff' Vl1l1J tllVlfJUflUfl1'l 11 

lf1;U 'tillA flU (Kang et al., 2009) ,;1tln1fl fl1 'l i M'lf1;UVI H l.:.! fl ii fl1 n;'fl1tJ Utl U 1 U 
, 0' "1 Q,I , I •  ... i ilev d Q 

CJf1JUfl::m1::mAUtltJfl111m::tJ.:J 1JN1U fIrst pass metabolism 11111tlUfl1'l 111f1CJ1U'tiUiil 

OU i U fl1'l'WPllU11f1;UfJ1.:Jlntl1J mucosal tolerance 1fl 
Qi/ <V Q oJ d J , f tI 

m'lA tlUffU fJ1Jfl1JflUU'l nw MALT l1Jtl U U'I YfU 11fl1'lfl'lfl.:J'" tl ICJ1flfl 
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.  
GALT NALT 

'I nu '!fumW'Utl'l1flCH-U i nIH
II) jI  0 i jI i jI ... d ... jI d <!I (Ozsoy et ai., 2009; Fujihashi and Kiyono, 2009) 'VIl lffll'I 

OU 1..1 tlO \l10.offnnJ'Jl0 lnhri'11flCVU'VI1HlJO O'I q, q <\I q 

(vaginal immunization) (rectal immunization) 

(Koziowski et ai., 2002) 

1..1 tlf1 \llf1f11'IUUi 'I1flCVU 'VI 1'1 \llJf11i.y' tl lU1.h: tlf111.. 
f1U i 1rJf1Ua 0 n i 'VI 1'1 i 1..10 l'I1J llfl'I rJ 1 

a'Ullfl'I tl'l' l'IHf1l1'f1l:1 f1 aihrJffllJ l'Itl'Ullfn rJl ffllJl'I tl...  .. 
i flCVU!!naih rJlf alrJ'I lrJ i 1..1 fl'I rJ1 f11'I 'Ullfn rJl i lin tl i f1fl11lJ .. 

" 
fl11lJl1lJij tliufll'I l' 'U1flCVU 6mi'l ili'I'Uf11U fll'Ilil'11U HfllrJ 

" 'lintli ltifmnf1fll 'Ia f11flCVU fll'I 

" ltiftl (sterile manufacturing process) (Borges et aI., 20010; Lubben et al.,200l) 

2.1.4.2 'Un 
tI 0 Q,I.:::1o Q.I 0 t Q,I.col .. Q,I 

'U tl \l1 f1 'VI fflfl ty 'U tl'l f11 'I 1..11 ff '11 fl C)fU 'VI 1'1 \llJ f1 fl tl tl 'I 1f11'I C)flJ F-ll 1..1 

ilfqj !dtl'l 
Q.I' I Q,I 0 Q,I ,. ,d d 

'VI! 'I 1..11..1 lf11'I \l\jf1'V1'I 1f11'I 1\l1f1 mucocllliar clearance \l 1..1 

1fl CH-U , litlf1uui'I tl'l'I :'U'UfliJ ri'lJnu f11'I UTri'11flCVU'VI1'1 \llJ 0V'! tl'l 
'U q 'U q  'U .  " 

tllffrJffn lfl tl 'I:'U 'UU Tn'! Vii 1..1 mucoadhesive adjuvant 6f1l1''10 l'I lila lrJ1u 'I tl 1..1 f1 1\l 1..1 

'Utl'lltluiC)fl1 protease ua: peptidase 

iu calcitonin lfltl insulin (Arora et al.,2002) 

ilfT.ljfl'h 1 kDa 10% Utlf1 \l10UUllJ1W1flCVUflUTri'1'V1H\llJf1"..  ". 
.. 

"jI 11)''''' ,:: .:l IIJ 'i jI.., d , IIJ _I ",,,,, 4 jI '_1i !lJlf1U 200 f.lL !fttl!lJ lf1flC)fUfllU 

')hi (Grassin-Delyle et at, 20 12) 
.  " 

olfactory region Yi ffllJ U tlUlff'1ffn'uff'l 'I :'U'UU'I ::ffl'V1 ff1 1..1 f1 a I'll f11'I Ulff 'I 
d jI d' _I • d ... '" d IIJ jI .., i .'VI 1'1 \l \jf1tl1\llJ F-la'UH lfl tl'I ffl'V1 !'lfU f1'I W'U tl'l Nasalflu C)f'l LUU1fl C)fU ! 'Ulf lfty 

..,. ...  """ inactivated influenza vaccine lJ heat labile enterotoxin (LT) 'Utl'll'lftl Escherichia coli (E.coli) 

(adjuvant) 2000 

i UU'I::l'VIffWtl':i tltlf1 i uil 200 1 ,dtl'l \l 1Oft'll')' LT 

olfactory nerves "hi rJwh "Bell's palsy 

User


User
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" .. 
syndrome" yh '1 M'f) 1'.iihd.:J 

1f1CU'Ul'l1.:J'Il1Jf1U.:J (Amorij et aI., 2012) 

. . 
2.1 (Grassin-Delyle et aI., 2012; Jabbal-Gill, 2010) 

.4 u .::t 
'If 81flCJ'U I 

ill 'tl81H 'If 
.,. .., ... ..,

t1':i'Mn 
OJ 

'tUll'Ul 

Nasalflu Seasonal influenza I Berna Biotech 

I 2001 

FluMist Seasonal influenza iJ 2003 Astra-Zenega 

NASOVAC HIN I swine influenza iJ 20 to Serum Institute of 

India 

Live-attenuated Seasonal influenza Clinical phase 2 BioDiam 

influenza vaccine pandemic influenza 

Norovirus vaccine Norovirus Clinical phase 2 Ligocyts 

• MEDI534 Parainfluenza virus type Clinical phase I Astra-Zenega 

3/Respiratory syncytial virus 

MEDI560 Parainfluenza virus type 3 Clinical phase I Astra-Zenega 

FluVac Seasonal influenza Clinical phase I A vir Green Hills 

Biotechnology 

AG 

DeitaFLu Pandemic influenza Clinical phase I A vir Green Hills 

Biotechnology 

AG 

N iflusome Vac Influenza Clinical phase I NasVax 

Influenza and Influenza diphtheria Clinical phase I OptiNose 

diphtheria vaccine 

Influenza vaccine Influenza Clinical phase I Solvay 

Influenza vaccine Influenza Clinical phase I Vaxin 
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.J 1 " i1 1 "1 did • .fIl't'fl1 2.6 fl 91UClflJ 91tJ R UVI'lJ acetyl 11lfl H degree of acetylation 

(Morris et aI., 2010) 

ifll91UClf'lJ (chitosan) irJ'lJt'I'llmjlJ Polyaminosaccharide 
...... 'I "q I c:l ... 1 "_1"1 «Iialkaline deacetylation i fl91'lJVI .... 1J J,d nlJfHil1ml1JH'Jj''lJ91 flHt'I'1H 

polyaminosaccharide in91\llfl p(l4)-D-glucosamine N-acetyl D-glucosamine 

(amino group, -NH) 1 

(hydroxyl group,-OH) 2 (weak base) ihh pKa tJ1:;lJ1W 6.5 

NH2 (protonization) in'lJ NH3+ 
.Jd 'I i 1 .I .... !!1 '" _I •VllJ pH llJ'lJflClH fl 91UClf'lJ'U'lJfJ1JlJ\l,W11C11t1lJ1:;fl11 i'Jj''lJ 

,Ci:), "".. Q QI 0 Goo' 0 d.Q" ""1f,jW11lJlJ pH fl11lJi'UlJ'U'lJ 911'YllaZCl1flVl'lJfllJ 'Jj'flfl 1 % w/vacetic 

acid (Pillai et aI., 2009) 

ifll91 UClf'lJ 'lJ vili ,rt'l'llJ11 li'lJ1):; if} 1911 i\l'lJ 

(hydrogen bond) (carboxylic group, -COOH) 

(hydroxyl group, -0H) 

,,r1U1 'lJ .... 11 fffl1l1Ua:; liitl 'lJ 1irl 'lJ 1 :;1Jml 1ff 1 Ul 'lJ fl VHU.... 111 Cl1tJ 

ifll91UClf'lJt'I'llJ1lt:l 
Q Q,I QQ Q,I , a • e ''::;'CS_I 1

tllfl1J saliaic acid 'lJ t'I'11 llJOflVllJlJlZ\l a1J UaZWfl1JH1V1lJlJ1:;\l Cl1J\llfl11lJ-n flt'l'l-n91 
" q " IV 

(phosphate group, P043) mucocilliar clearance 
JI 

i1t1flfjW mucoadhesive property 'lJflfl\llflil 
,,f "'''' di 1-1 d .J :'I :'I •• • ,f11\!fl111JflflClfClfl'Ufl{l ZO-l occludin 

(tight junction) vil' . 
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(Vllasaliu et aI., 20 10) t,s'U 

lethal dose 50% (LD 50) mflO'h 1,500 mglkg UCl:: 1,600 mglkg rat UCl:: 

mice IdfJl1 tYfJ 11 fl11lJ I 'U-W II vi fJ tCHClti' rm 11 , fll CH'U fl11lJ I fl 1 1 

3.2 mg/mL vi mCHClti''lfU Caco-2 flU 1 11" fll rat 
• 'f l 

ct iI" "1 • <II!:Ir. .... 1 Q 4 d " ,}!., I
l1fl11lJl'UlJ'U'U 0.125,0.25 !tCl:: 1% w/v 1% 

UCl::tdfJ 0.25% w/v (guinea pig) 50 ilL 'U1'U 28 1'U 
'" .

UCl::'il1fl m'j t1'j::tu'Um'j I 1 .. 
d .... • .. 1 ....,.. d .... (haemolysis) Vf1l11 lfl 

,dfJtI'j:: IUW fll 1 'Ufl 'U , Vlfl1'j tY fi'1 'U 11 t1'j:; l11'U 

1UCl:: 4.5 g (symptom) 

6.57 g/1'U ,fJ'UnCl1 12 'fll1Hi1tl1Vf 

(biodegradability) 1d fJ i'1I tI 'j :: l11 'U tY llJ 1'j 0 ti fJ tlII1 til fJ 'U , CHl1 UCl:: fl 1'j 1111fl 'U fJ t ft 'Ul1 6 
(Baldrick et al., 2010) 

macrophages t,s'Ulysozymes UCI:: chitinases amino sugar 

111',n. '" 
(biocompatible) lJ 

m'j VlJ 1rt 1

f}'Uf}f}fl ih111" fll ::II'U 111'ln 'U . .. 
l1::'CI (Muzzarelli, 2010) 

o I .., ... 11 , 'l 'l 4_ .... 
2.2.2 n11'U1U.:I1ftCW'UfI ftlAUCW'U'U 11'U'ft l1f1lftD 

1flCU'U (subunit vaccine) 1UCI:: 

subunit vaccine LfJ'Ul l1qj 
'1 '4 QlQ.c9 Jt oQ.ct t A '1 P 'JI 0 JI 0 r 

UCI:: LIP1'Uf}tll11 subunit vaccine 

'VI 1 'illJ fl 11fJ'U 11 U1ff fl WtYlJ fll'j II lJfl 1'j U1ff.. . .. 
Q , a Q., t 

(Kang et aI., 2009) Boonyo et ai. (2007) Vf1l11 

fl1'jU 1ff 'U tYl'j Cl::CI 1U'fll 9t'U tY1m 'jOfl 'j tiU , f}'U9i1 'ilU. .. . 
,!II , t 

... 'I 0 .... .... 1 ...'VICl::Cl1t1 L'U tY1'jCl:;Cl1U'U1Lfl ClfJ (normal saline solution) IlJfJ 'il1fl.. .. 
, fll flU9t'U iff! fU lJflUU1ff 'illJfl UvitY1Hj

fl1Ul 'U 'jZflf} If}'U i 'Ufl1nhCl1t11tI 'U 11 

Uf}'U {I'Ulu , f11f1U9tU 'il1nLfJU'CHl1 1'U 

http:0.125,0.25
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• tI a 
M cell 

thri 11 tJ 1 tJl11 fl'lPllfl tJl\91 tJ 11 tJLlJl9l 'i L w.h1 tJ 'il tJ 1 M 

o n no lJ U fl tJ 'il tJ 1 tJ' fl1 I9lUttftJ tJ 11 tJ'Vtl {Vi tfl ft ih ri 1fl '1$tJ rhtJ 'illJ 0 n-:h. .. 
lGJ1tJ Shalmaz et al. (2012) 

(bioavailability) leuproJide acetate 'VIH'il\lO¢i'1t1Lfl1I9luttftJ 
o'J::It. GI ... I d QJ d " .II!!!:I a

tJl1tJl11'i'VIlflft lift::: !tJI]JUlJlJl1nft:::ftl£1I'V1£1lJOlJ01'i\l\91 leuprolide acetate 1'\1 1 tJ;lfftJ 1ft fl \91\91 1 

(intravenous injection) l1 lJ'j, 0 n ill ri no i lJ 1 tJ' fl1 I9l UttftJ tJ 11 tJl1 1 {n t fl ft lj fll 

bioavailability 4.3 % Itft::: 2.0 % 
" tJ flO 'illflil fl'lpnfl '\I tJ l\91tJl1 tJLlJ\9l'i ri ntJ"lfi'1 \91" lGJ1tJ 

lymphocytes, dendritic cell, macrophages l;j tJ tJ L 0 .:h 1 tJ l11111 HI::: en l.I ; "111 t'It lJ 
" " HIR eMIR L¢i' (Dobrovolskaia et aI., 2008) 

'flll9lUttftJtJl1 tJl111nlflft -vh1M 
tf Q.I Q,I .I dl . "I dQ,I Q.I eli 

\9l1'iltJ tJ ltJ'\ItJ !'i 019l1lJ 
'IV " 'IV q 

flnfl1lJ fllJOn 911 'iltJ flflfl 'illflfl tJ illfl111 , ¢i'l.I 10 U"ljfl11lJlfltJ L 11' 'il:::i 1 
. " " 

Lfl1\9lUttftJtJ 11 tJl11{nlflftlrttJ1fl'1$tJVi 1 • . " 
ffTI1i'lJ'\ItJ 1\91 Vi mlJ1::: l1lJ1tJfl1'iillri UIflUtJ llJ U11oH\9I.. 

Kang et al. (2009) l1lJ':h fl'4illfl Lfl1\9lllttftJ'\ItJl\9l 5 flm 111lJ1Hl 

illri iliJlllJ 'illJfl 1 L¢i' IIft:::'\1 tJ 1\91 fltJ fllfl ,g0 
" q 'IV " 1\1 1\1 " 

11 tJllJ\9l'i111lJ1Hlillri 

(Rice-Ficht et aI., 2010) liposome IfltJ'i:::lJlJ 

illri '.i:::lJlJ'I1d 1'.i illlJl;' .. 0 U"l1lJ 'h'fl1 I9lllttftJtJl1 tJl1 1{nlflfI 

polymeric nanoparticle nanosphere 
'.c::t OJ , .., d 

lJl0 fl11U fI:::lJfl11lJ fl.:J \911 '\I fl 'l 0 11 liposome lJ tJ 0 n 0 010 1J II lJlJ nanocapsule 
" . 

(Tiyaboonchai, 2003) (cationic lipid) 

(non-toxic cationic polymer) 111;'M 

liposome (Khatri et aI., 

2008) 
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2.2.3 fl1"VI1fJ1J'fllAuclf'U\nhl'rniiilflt'l 
1f11YlUClf'U 1lJ ffO'lJ 1 

fh 1ff trl m111.u' fl 1ff..  . 
'l 11 'UtlJYl'l 1fl 'l UJYl'l Ul1Hlh on 

ulJ1fl1YluClf'U'U11 'U't'nfiilfl[li1lm'HI9l UlJ 'flll9luClf'U 'U 11 'U 

vn f ii, fl [l U 1 lJ 1 fllvnfii, fi [lij'H [llU i1l ,'Ji 'U emulsion cross-linking, emulsion-droplet 

coalescence, ionotopic gelation 1m 1fl1YlUClf'U (Chemically 

modified chitosan method) (self-assembling) 
o Q,f 4 ottjlQ.d 

l'I'l'H'll1m'lLI9l'l UlJfl'4fl1fl'U ll'1'.:jA1U11i emulsion cross-linking U[l:; emulsion-droplet coalescence 

hil'l'lm'lfl

1r11 HVlH!flij'llfl.:j 1fl1YlUClf'U 

{j 1mH; 
.. ..,  • 2 'J/ 4 '" .., ""'" .II """',,;. ""0 'J/ .., _I
I 'U flfl'U'1lH'U flfJtlJflLVlU1101111i ionotropic gelation 11iVl IlJ'il1LU'U I9l 

1m U[l:: 

" .; 1.:j 0 1U' 'U UlJ 0 n11 ijo 1'l' 'U 1 fll9ll'l'l'H 011lJ 111' H'LVI fl i1 fl.. . 
ionotropic gelation UlJ 1flll9luClf'U'U 11 'Ul1lJ 1 

(Chenguang et al. ,2007; Tiyaboonchai, 2003) 

2.2.3.1 11 ionotropic gelation 

-+---.......--...... ChitoaD solution  

1----1--___ HigIHpeed stitrer 

.....--...... TPP solution 

2.7  ionotropic gelation (Chenguang 

et at, 2007) 
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1li ionotroic gelation 

"6nh fl H,j'llJtllJ (electrostatic interaction) 'i W lfillflUCJl'lJ lJ lllJ!llJ 1 fil 'i• 
tfl1VlJ (acetic acid) 

- . (anion) (cation) 
i1 'I 'jI 'jI '" • .,: "'tl .,: "" 'I 'jI <!I .Afl'lHllJ L'If fil6 tripolyphosphate (TPP) !U6Hlfl 

1 '1fillflUCJl'lJ 1trtm.nu'Utl'U sulfate ua:: citrate 

- (Shu and Zhu, 2002) 

TPP (incorporation) 

,hlllHfI'lJtl'U 1 (incubation) incorporation 't111
.dQ  d 4 Q! d.od d '1 df  I 
'YllJ 'UlJ 1fl ! " fl U lJ fil11lJ fil fl1 " fl 'i 'U 'U 'Yl fl11 fl1 'i tfl 'i V lJ U'U 'U incubation VVH 'i fl m lJ 
incubation ffl117'U 

'Vi'U'h fll'itfl1UlJU'U'U incorporation TPP fiflU 

Ifl1t1l.JflUmfil Vll111''1fillflUCJl'lJ l'ilUtl'U tfl1f.1lJ 

• 'I 'jI'1 1 .,:.... "" ",.A '1 'jI", '1 1 1""" '" U1J1J incubation 'Yll L11 fil fil flUCJl'UUl U'Vil'i'Yl!fil" 

TPP , 'il1fl fll'i 111'ifilCi1lJ flil. . 
.. .A 

fll'ilfl'iUlJU1J1JfllJ (Kim and Kang, 2008) 

000 
II II II

"  o--p-o-p-o-p-o-o'-s-o' I I III  o' o· 0-o 

sulfate citrate tripolyphosphate  ehitosan 

2.8  sulfate, citrate, tripolyphosphate ua::ifillfluCJl'U (Shu and 

Zhu, 2002) 
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a 

___load c ...lc:MI.... 

attact.d .....::cl.... plOt..... 

b 

 . ....+ • 
poI"oe.in mI-a In '*-

aq..... &oIuIIon 

2.10 (Kim and Kang, 

2008) 

a. L'flfliJfI incorporation 1u1f111luwnouL1l1v1J,hi''U 
b. L'flfliJfI incubation 

c. L'flfliJfI incorporation TPP nOUL1l1tl1J,hi''U 
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1) ll1f\ lll1flflf\ (Molecular weight; Mw) Deacetylation degree 

til DD (amino group) 

'Ill:: ri111rJ'U lY1'U (JlotJlh:: TPP Uf\::• v • 

DD 

DD 

0 'U 1 1f11ll1ll fl fllri 1rJ'U . 
(Xu and Du, 2003; Gan and Wang, 2007) 

Gan et al. (2005) 11tJ'h 

f1l'Jihri ii'll'U 

(Low molecular weight chitosan) 

2) 

UfI:: 

fl11llff1ll1Hl h1' TPP 

'I11f1 TPP 

TPP TPP 

'II 1 fl1 (9l Ut.)f'Ull 1f1lfi 'U11 tl 11tJ 1 1f1l'J 1fi '"' tl'U1l1fl ij tl (J lii tl \) 1f1 fl11ll'\1'U '"' rill 'U• 
1'11'U Xu and Du. (2003) 

d "" '" 1 ,,; '1'" 1 0'... ... " " " 'U'II tfl Ut.)fl..ll'lll1ll l::ffll 1 'j Vll 'U1 l..I111'j l'llfl II 11tJ fl11ll l'llll'll'U 

I mg/mL 3 mg/mL 

.;;..1 " !It "'1 ,,;.;;..r • " !It "'1tfl (9lUt.)f'Ul'll11ll'lll..l ""::11tJ11fl11ll1 'IIll 'U'U'U tfl t.)f'U 
! 1 .I. 1 Q • Q,f .:::to QI Q.ct. ..

4 mg/mL'II'U l.lllfl11ll'l1'U'"'1l.:J 
Qld I.aS QI 

l'll11ll'U'U Gan and Wang (2007) 

11tJ11 88.3% lrll..l 61.3% 

\)1f1 1 mg/mL lrJ'U 3 mg/mL Xu and 

Du (2003) 1 mg/mL l.llli1ll.lriVVffl'J 
, 1 " !It ! J ... ,,; ... !It " ... fl 2 mg/mL l'l.:J'Ul'UVn1fltl'4mfll'l1(9l'jVll\)lflfl11ll1'Ull'll'U 1 mg/mL 1l"JVVf\:: 

fIl'JomnmvllotJ 61.0 2 mglmL ij!VVfI::fI1'JomntJn;,otJ 54.4 
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t ' 51t 

'thl,",u'j 1 

cl d 1 1 " 9J d d d do %. etQ 1 al""fl U 111 fl 'VI I\P1 'j V11 111 f) fl1 \P1 UC)fU fl1111 I'U 11 'U U \P1111 'U Ul Ie'! f) 11 1I'W U 'VI H 1 tJ u 'j 111 \P1 'j ff 

tJffUflflf)1I1 1 lfl1\P1UC)fU• 
2 'JI ..,Q d ... c:l "" ']I • 

fl11111'U lI'UU f) Lf) UUflU\P1L'ilUU flfJf) 11• 
3) TPP 

fl111l1.rf1l.rfU'U fl-3 TPP 1 tJlI 1 fl1mlC)fuul1 U 
<:. • d 

'Wl'j'VIlfli'l flfl I mg/mL (Xu and Du, 2003; Gan et aI., 2007) 'illf)f)1'lflf1't:Jl'U'eH Gan et al. (2007) . 
TPP 3: 1 lIUfl-3 7: I 

'WU11 TPP 1 

61.1 lrJU TPP vhlft' pH f)1'jUfflPl-3 

llnU'Ufl-31 U vil1 '"' f)1'jlflIPl6U\P1'j Vl'U fl-31 tJ'j nu1 fl1 \P1UC)fUi'l1Pl n-3 1I1W• 
uPlim'jtJnlPltJciflV 'illf)0'4t11fl'WU11 lfll\P1uC)fU 

QI .d J , QI .d d 1 .,"" "" 
\P1fl TPP Kim and Kang (2008) 'VIl\P1';iVlIUl U'Wl'j'VIlfln'illf) 

. 1 1 ' t, A .,d 1" ddf Q,I ,fll91uC)fuIPlO TPP 9l-3U\P1 1: 1 llUfH 6:1 'WU11 fflPlff1U'VI 3:1 l1'UUllPl'VIlftflUnt 

TPP Iyilnu 1: I fl-3 3:1 

fl'411 lfl 11 :: nlPl "hU 1 fll91U C)fuPlio TPP 1-ri1l uPliihhtJ 'j:: fl'4fl1fl1-ri 

· 1 l' .. dQ J1)Jfl!'W)JfflPlff1U fl \P1UC)fU91fl TPP ff-3fl11 3:1 'WU11 'UU1IPlUn::tJ'j::ll'VIH1flUI11fll'W1I'UU91111 

TPP fffllPlfl«fl-3nUl1tJ-31Uf)1'j1iv'Ufl-3 Gan et al. (2005) 

4) m ft''j:;Wh-31flIPlOU91'j mVl 

UH tJU::l1'lH 1 fl 191 UC)fU nu TPP 

'illfl'iltJ-31UflU1itJ'Ufl-3 Fan et al. (2012) 

200-800 rpm flfl iifhA':IfUf)1'imZ'illV 

'UU1Yll'Ufl-3fl'4t11fl (polydispersity index; POI) UflVfl11 0.05 1,000 rpm 

'WU11 UHIUflU (shear force) IfllPlnllY11• 
'Ufl-3fl'4t11fl 'thlft'fl'4 t11fl 1A (vehicle) aggregation 

flVH f)l'i1itJl1nltJ\l 1 1,000 rpm -3f1'hlU f)1'i1911 VlI 
" " . 

1 fll91 UC)fU ullU'W l{11 I fl n 111 V1 Ifi 11 aggregation ii-3 U lllfl1l'il i tJVUl 1)JA1 V 

'jlV-31UflU1iVA-3flcil1ffflllfl«0-3nU'ilV-31Uf)1'i1iv'U0-3 Tsai et al. (2005) 
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I 

5) fl11lJlfh.JflHl'llfl,U,.,.m:::t'llV 

pH 

vnfilLflt'l flfl3 -
.di Q d . 'JI IV oQ;Q,I' 

(Klm and Kang, 2008) Fan et al. (2011) Vf'U11 . .., 
pH pH 
dll) '}I ... II) '}III) 1 ........  
l'1 111fl pH lfl'W 5.2 Lfl LlJ 

'W 1flil Vf'U 11 i1il VOfl11 i1F-ml'l fl 

ionotropic gelation 

l';'W t;!W11fJiJ 'Wl ti.:Ji1Nt'll'lfl 

TPP (Fan et aI., 2012) 

Mlx"coatina. 
fllI·finish. 
encapsulation. 
Iyophlllsation•.•• 

s.c...I.m.. oral. Syri.."vial, 
dermal, naSll, apsule.1Prav devtc.. 
pullnonai"1' ... patch, inhaler. M. 

. . .. 
.q !1 Q,I.:td , C!l ,.. tt:::.!£ Q,I .::sQ,I 

1J111'f12.1l (Amorij et aI., 2012) 

http:1J111'f12.1l
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t "QI 4 31 tI .dt.Q d
1111 flC)I'U U'Cl1 !1I1'U YI (adjuvant) l1l lffllJ(jYl'fi 

m:::;I'i''UtliJA'lJn'U 11:I'Utlflil'il 1f1CU'U ffl1J1l 2 fl rilJ 
q • q 

IPlllJfl'Cl 
", v 4 e:f" <If 

2.3.1 (Immunostimulant) 

hUJIPlH cytokine,.. . 
cholera toxin 11'Cl:::; E coli heat-labile enterotoxin tfl'UI'i''U in vitro 

Pattani et al. (2009) immunostimulant . 
" 'fl1mtC)l'U'Ul1'U'Vf11iilfl'Cl 371 nm tvhnu 0.698 ij(jYli 

I ... 

splenocytes 

2.3.2 (Delivery system) 
"QJ ." QI 1 QI.d f Q e:f Q" 41 Q,I .c.t 19/""'%

111 flU IC)I'Cl'ClYl l.:JfJlJrJ 1Jn 'U 'U'Cln1:lW::::Ylll11Jl::::fflJ '1f1fJ1ffllJ (jYl'fi m fJ1JfllJ n 'U "l 1f1 C)I'U 11 "l 'U 
"., , 
t'h 'illflflU lJn'U U lii1Jl 

1"If'U mineral salt, liposome, micro-
'll • 

. " "0' d 0 •nanopartic1es tlJ'UIPl'U (Amorij et aI., 2012) 

'il'U ij"l'U 111tY UI9l'U Ofl 1J1W "l 'il 

... I d 'JI Q.J! ... 11 9/"" I 1 · 11t:y (Yan et ai., 2013) 

2.3.3 
", 4.z IV <V ..e:t 

iJ 'il t 'jj 'U l:::: U U ill d 1 fI CU 'U "l 'U 1 , 1J 1 fll /'U 11 'U IlJ PIll fI 'U l U U ill d 

in vitro VlU',h . 
flU 

20-200 nm APes 
" endocytosis eMIR IfI'Ul1afl 500 nm-

o I I <lJ! 11 .k "" 'JI 511 ... 
5 m phagocytosis HIR llJ'Ul1'Clfl (Marie-Luce 

et ai., 2011; Oyewumi et aI., 2010) 
o • 4 .e:::r." .4 •Q,I Q,I QI 0 Q,I 

in vitro 1'1f'Un'U 

Vue et al. (2010) hUIC)l'U• 
macrophages 3 flO 430 nm, 1.9 11ll: 4.8 

H'ClflU1UfJ't1u'h 430 nm ... eMIR 
• • q q 
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IFN-Y, TNF-U IL-lO 
&.J. d.J..l& 0'1"'" 'JI ,:,IL-lO IL-4 

ill HIR fll'j flihri fl \.191110 \.I cv q, ct q 

" ". 'I ..4 ... 1 . 2 "lit " 1'll11 i'Hill 1\.1 'j \.I 11J\91'jffl1J1'j flH1W" 11 l. .. . 
" """ &" .., ""... & " endocytosis Koppolu and Zaharoff(2013) 

""" ... " d.., d 'I lit 1bovine serum albumin (BSA) 'Ylf)f)lf)tJ i\.lfl'4tl1fl lfl 300 nm, 1 !lm 

3 !lm CD4+ helper T-lymphocyte 

1 'HWffl1J1'j flm u 11 -31 -61 f) i1fl\.l f) lfl 'll f) ufi hiwtJ fl111J U\91 f)fi 1 
q u q If 

f)1'l'm CD8+ cytolytic T -lymphocyte 

Kanchan and Panda (2007) macrophage 

hepatitis B surface antigen (HBsAg) polylactide 1my 
d • d " (2!lm 8)!lm (200 nm - 600 nm) ffl1J1'jflm:::\9j\.l 

.:., ,114 'I • "lit 114 .4 .s lit .., d IFN-y l'Hty ffl1J1'jflm::\9j\.l IL-4 If)fll'jf)f)lf)tJ 

1 fJfll 'j ffl'jll fl-3Uff tl1flllltY-311 flU wtJ l1fl'4 tl1f1ihtY-3 

endocytosis 1 'HqJ .. 
l,jwtJfll'j U¥iWtJfll'j 1'HqJ 

1lU1l1f)6'4mflulri-3 ftf)'I:Iru::f) 1'j Ulri-3! LflU911

intracellular pathogens extracellular 
d 'JI 1jlQ 0 Q,Ipathogens 'Ylm::\9ju IFN-Y IL-4 

'j fll 'I fff) '1:111 mri fJ1O'lJf) l'IUltY·m6U91!1lU ::lJtJ fl'4 f) lfl 
OfGt Q.I.c:l1 "'),J 'It Q QlQltI,

Ulff-3 IU ex vivo lift:: in vivo fJ-31Jfl6U'llHU61.1 

fl'4f) lf1 UltY-30'tJ fll'j! ff;1Jq'Ylif) Irtfl 1 1flovU'nH1llJ f) 1Ul Hflll.l IOU 

ii'-3 2.2 ) Blf1!GJf\.l 

Slutter and Jiskoot (2010) N-trimethyl 

chitosan (TMC) 278 nm dendritic cell 
... ... 'I _I 1 1....... • 2 "'I' " .4 'I" .... 41 YiW IUff1U lysosome 11Jfll'H1f1C)fU 

wtJ':h N-trirnethyl chitosan 

f)i11ult.lu tJtJffl'I 1 lJ1U6'4f)1f1 sIgA 

(p < 0.00 I) 
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<9 .,;
lung et al. (2001) Sulfobutylated poly(vinyl 

alcohol)-graft-poly(lactide-co-glycolide) nanoparticles (tetanus 

toxoid; TT) 100 run, 500 run 1000 run mice 

Balb/c UtlJ91l'Al) 100 run 500 run 
'" 

IgA IgG 1lJ

IgA IgG 

100 run 500 run Gutierro et at (2002) BSA 
, 

6'4mfl poly(D,L-lactic-co-glycolic) acid 1,000 run 

IgG 500 run 200 run 

Krishnakumar et at (2012) hepatitis B surface antigen (HBsAg) 

'illJn 1 (ltinLfilJU6U 111 U,U6 '4.fl1fl'll poly( vinyl alcohol)-graft-poly(lactide-co-glycolide) 
.Q <!I jI 0 , jI"I jI .,;'" _ J .,;... '" 

trimethyl chitosan chloride (TMC) l11 11 
'0.4 ", (V I 

1I1U1U 3 fl6 729 run, 445 run 274 run 

TMC dendritic cell poly(viny lalcohol)-graft-
,t _ " 

poly(Iactide-co-glycolide) TMC 3 

dendritic cell 
. '" 

IgG sIgA 

'WlJ116'4.fl1fl 729 run 445 run IgG sIgA

274 run 729 run 445 run 

A6 90 274 run . • . '" 
20 

274 run 445 run 
'" . " 

729 run 

6nL'HU.. . . 
Nagamoto et al. (2004) rat 

0.4 f1m, 1 f1m 3 f1m 0.4 f1m 1 f1m 

IgA 3 f1m 

(p < 0.01) IgG 1fll91UCUU 
'" "'.

3 .... . 
1fllAucuulUfl1l'U. .. 

http:l11~'illJnll~~'I.hn
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IIJ l' "''JI '" 'IIJ 'IIJ 'JI'" "'ltlUfl1fl tfl systemic immune response U\9l tll . .. . 
mucosal immune response cihl'llUfI('1 'mn;fI• 

JI • 

lu t 1tutVEJ1.1fb . 
Kobiasi et al. (2012) vm11 tlUfl1fl • 

.., Q"" ... Jf .., IIJ 'JI<O!' IIJ 1 Q
tl1ty 4.5!lm tfl 200 nm 

U('1::;ui 1J1tu f11'j EJU.fI1fl U('1 ::;"lIU "lI EJU.fI1fl.. . . 
popliteallymp nodes 1.1il1tu ll1fli 4.5 !lm 

Q,of 4Q,1 .s I d 
Henriksen-Lacey et al. (2011) CJrUm11liposome « 1 !lm) 

JI • JI 

nij"llu ll1fli fl11 

(I !lm) ll1fli ( 2 !lm) U('1::;1l1fli-Wtff1:l (> 3 !lm) 
jJ .d at 11"" .dod ,fffll11'5t1m:: f,!U IL-l0 IL-4 ll1ty mU::tl'4fl1fl 

IFN-y Vila et al. (2005) .... 1.111 

fl1'lihri t 1 hJ '1 un1.1"lIU lf1tl'4fllflUlri 1.1 
• JI. 

1 flUtl'4f11f1nij"llUlf1U l1u!1I\9l'j\lflU lri
JI 

i1111 

He et al. (2010) .... 1flUCJrUU11u.... .. 
1 lJ \9l 'l 6'4 fll fl ij "lIU 1fll fI \l fI ij 1 ri , tJ ff tl1U1:: vi 1 '1 1 fl11 tl '4 fll fI ij "lIU 1flll1 fli 
d J! fiV .c:!IoQ,l .. 1 C 1 Q,I' q d 

Krishakumar et al. (2012) 

1l1fli Ofl lf1 

'l1UflU('1::tJi1J1tu"ll APes Ul1::'l::1.11.1 

f11'jij tlluh1M'fI1'lfltl1.1ffU 

(Kobilasi et aI, 2012; Park and 

Babensee, 2012) 

http:lfYl'fl('1t.u'lrit~Ulilm.wh
http:u~lf11.1i
http:Ufll'l~~t~EJ1.1i
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... 
2.4.1 Ut)'UA1'il'U 

l i 1:1 UlltlU l Ull 'U'U iU fl1'ji 1'j :;'U'UU1tY -31rl \'11-3 fl 

i'i'l1f11v"ln1ii1 l"lfU (tetanus toxoid; TT), (diphtheria 

toxoid; DT), bovine serum albumin (BSA) Ult:: ltlllt\liju (ovalbumin; OVA) (Kang et aI., 2009) 
& 'j/ I .c:!Io .P Q,I '4 Yet t ..::::.. 

iHU1l11 tetanus toxoid Ult:: diphtheria toxoid LiiIiiI 

i-311'tl-3lilu toxoid iu 'jul 111i thu.. 
" tI I " , 

UUliltlU fll'j tl-3N1U1l'U1Ufll'j 11'ftiil'l1lt1V;JUVItlU 111i M'UtlU9i! 1 1-391fl 

'" .,..k "'I -11- 1 "".. • '" ...BSA Ult::1 u'iVlUtl11''i:: BSA 

i U fl1'i fffl'l:l1fllt'fl fl1'i Vltl'U11'U "hu 1tlllt\liju 

\lfl i U fll'ifffllnrl111J11'11J1'it:1 ftU 

'111 1U l'1' (Cohen and Bernstein, 1996) 1iii V'Y4'IJ11fl1'i iM'ltlllt\liju 

Ulll1W 20 flg N-trimethyl chitosan nanoparticles nasal 

drop 3 ffUiil1t1lilUV1U1U 3 sIgA,IgG lilt:: 

cell-mediated immune response (Slutter and Jiskoot, 2010) 

""'.... "" " .... " 2.4.2 fll''H 'H 

ffVl1 \'1ii1lt tl-3ll U 1iii 19f1 1 i ;r\'1ii1 11'tl'U fl1Hl Hi' -3fl 1 '111 tllrl \'1 H 'iUJ fl 
" i'i'l1lt1fl't1UiiI l"lfU '111j rat Ult::'I11j mice rat 

11iii ,,j11'U\'1 1;'i fl 'tI 'i:: .. 9\!flfl (nasal . . " 
palatine tract) 111iM'llU1ii1fl111iM'\'11-39\!fli'irl111Jrllt1ii1lrli'i'tlU (Harkema et aI., 2006) Vm;-3rl1111 

IIVI fl 1-3\'1 Hiu fln 11 n U11'iil-3 'tI tlfl \'1 HfJ 1J ftU ti tlU 1fl fl1'i \'1 iillt 

ufl1Ji;r'l11j mice 't1UiiI inbred 

i M" '<Xiiill9UUlt:i ;rV1U 'tIVfyh't1UiiI outbred 
, • .ct..oQ CI.I fI 

l't1U fl'i:Vl1fl 'I1'ijVl:Ul1 (guines pigs) 'I11jIl'i\'1 (rat) 'i111t:1-3'11'ij mice 't1UiiI outbred 

(Frank and Griffin, 2002) d1'11i''IJ'I1'ij mice 't1UiiI inbred 
<V .4 .. Q,f t/ Ad" lQ" QI tl'iJlQ,l
1rlCb'U rltl Balb/c LiiI't1ii119U 
" . 

sIgA, IgG 1m: cell-mediated immune-response (Slutter and Jiskoot, 2010) 

.Q'.ct" 4" tV '4 iI.ct' "..cI " "Q,I.4 U tlfl 91flUl't'IJ11 'I11jIl't 'tIfl \'1-31Jrl111Jtl11') 11U tlV 
" 

11'11J 1'it:1It\fl-3'i111 fl1Jl;r'l1UIl'tf'rli'i fl11'1Viu.fi Balb/c 1U fln \'1 iii11'tl'IJ 
• • 4. 4 

,,{ " "'x '" '" "" .k "" "" '" <oi '" ,q \'1 fi fl 1JflU VI'tI'IJ 11'U6-3\'11-3 fJ 1J t'J llflUfI n1tJrllt -3 fl'Ufll'i VI'tI'lJ11'U tl-3 UrlU 

http:fl11'1Viu.fi


33 

(Zaman et aI., 2013) mice 6-8 U"Iftl-:l1l1JflV111.h:1J1W 5 cm 
JI 1 JI • 

fl11lhl'nll 32 cm 3 280 cm2 fltl rh'W respiratory region . " .. 
" ."ftl 'JJ "I ""., .& ftl ftl""u'.iZll1W'.itlVllZ 48 0.2 em (Gross,1982) u'.i1J1W'.i111.. .. .. 

llilfl'W 50 JiL Hll11'.i 

(Hobson et aI., 2003) 

mice (inhalatory anesthesia) 
:P ""y. "" ... .,f! i1 ... 4 "" 1Y.ether therapeutic index 1I1UllZ'.iZV:::nll1fll'.itltlflql'l1iff'W '1J 

.d d AI QI <d 1 sevoflorane C)I'Illfl1111 u II -:I llllZll'.i zv:11111fllHI tlfl q l'l1i'W 1'W fl11 ether tltJ 1-:1 '.i fl1l111 

fll'.i'l.! 1ffll1J 1<;1V1;;ff1'.it;l'-:lflnl1 llill1111:ffll 1fll'.i1'11'1fltH'Wl'l1-:1 .. .. 
ether fll'.i H1'W lnmJ 'il1J mlllz sevoflorane U tlfll'.i 11 tl1J ff'W tl-:ll'l1-:11J ij 11 f1'W '\J tl 'I 

ff1111'1 <;Ill tl ff 1'.i 'I.! 1 ff 111J i! tJ 11 1 ;;1 'W 11 'W 1'1 II tl 1 tl 1'11' l'fl tH 'W 1'11 -:I 1111 fl fl tl ketamine.. .. 
(80 - 100 mg/kg) xylazine (8-16 mg/kg) (intraperitoneal 

1 · 4..\ "I "". "":p ..,injection; IP) C)I -:I 1'Wfll',j',j 1J fl1'W fll'.i ff1'.i 1'11'I WtllJ 'il1J fll1'.i 111l tl'.i Z1J 1J 1J 11 tJllfl 'W 
" JI .<f.<f « 

ketamine Uql'li'l.!lffll1J tltJ xylazine 

ketamine/xylazine U'.i:1J1W 60-120 'W1Yi 

20-30 'W1Yi U,}fl1'.iU1ffll1Jtl1nl1 1 ff1nfl 
" .

2-4 fttl'Wfll'.iU1ffll1J (Flecknell, 2009; 

Green et aI., 1981) 



,  
1.JYIYI 3"" "" ...._v 

3.1 D'111ftij 

AcrylamidelBis Acrylamide 29:1 (AccuGellM
, National diagnostics, England), BCA 

protein assay reagent A (Thermo scientific, Germany), Bovine serum albumin (BSA) (Sigma, 

USA), Chitosan (CS) MW 100 kDa 95 % DD (Seafresh, Thailand), Fetal bovine serum (GibcolM
, 

Invitrogen, USA), Horseradish peroxidase (HRP) conjugated goat anti-mouse IgG (Invitrogen, 

USA), Horseradish peroxidase (HRP) conjugated goat anti-mouse IgA (Invitrogen, USA), 

Ketamine hydrochloride (Gedeon Richter, Hungary), Mouse IFN-'Y ELISA kits (BD OptEIATM, 

BD Biosciences, USA), Mouse IL--4 ELISA kits (BD OptEIATM, BD Biosciences, USA), 

Ovalbumin (OVA) grade V 44kDa (Sigma, USA), Phenylmethylsulfonylfluoride (PMSF) (Sigma, 

USA), Pilocarpine (Sigma, USA), Penicillin/streptomycin solution (Gibco lM, Invitrogen, USA), 
lM lMProtein ladder (BenchMark , Invitrogen, USA), RPMI-I640 (Gibco , Invitrogen, USA), Silver 

staining kit(AMRESCO, USA), Sodium dodecyl sulfate (Ajax chemical, Autralia), Sodium 

tripolyphosphate (TPP) (Sigma, USA), TMB ELISA substrate (3,3',5,5'-tetramethylbenzidine) 

(Invitrogen, USA), Trypsin inhibitor (Invitrogen, USA), Xylazine hydrochloride (LBS laboratory, 

Thailand) 

Double beam spectrophotometer (UV-2101PC, Shimadsu, Japan), Freeze dryer (Martin 

Christ GmbH, Osterode am Harz, Germany), Gel electrophoresis set (Mini-PROTEAN®3Cell, 

Bio-Rad, USA), Microplate reader (MRX Revelation, Dynex Technologies, USA), Particle size 

analyzer (Zetasizer Nano ZS90, Malvern Instruments, UK), Ultracentrifuge (Optima TM L-lOOK 

ultracentrifuge, Beckman, UK) 



• •• 

35 

" 11'll mice 'Wui Balb/c IvtfllijV 5-6 Ull1UflU'i::lJltu 20-25 g 30 
t/QI  tI 1 Q .Q q,I Q e: d" QI tI QI 

11 lJ1111 'VI {lltWlJl1 ::1.11 ff'V 

1 

21U 

3 1U fitJ tJtul1flij 23 ± 2°C fl11lJ4unlJ'Wmf. "  , . 
• t •  JI 

55-60% fitJ 12 12 

2 -i1 hN (Mangal et aI., 2011) 
" lf1fl tu:: fI'j 1lJ flU fi afl U In 1'V1 atJ lJ11111'Wlfl{l fl'U a 'il'V1i lU 

(Ethics committee) (ID 3/2555/thesis) 

... <I  Q QU

3.4 11ifllIU\Ul1119t! 

3.4.1  

ionotropic gelation 

Kim and Kang (2008) 1% w/v acetic acid pH lriU 3.5 1 N 
" . 

NaOH TPP 1 mg/mL magnetic 

1000 rpm UllJltu Un::UllJltu 

TPP 3.1 

1tJ1n1JijtJ (ovalbumin; OVA) 1tJ1a1Jiju'u TPP t1tJu ..'huijmVl 
, " 

0.5mg/mL 
, tI  , , , , 

1 rpm lifltul1.fJij 4°C 
.. d •  ., 0

U1U 30 (precipitate) ua::ff1Uffl1n::nl{l ff"ltJ'UtJ (supernatant) 

phosphate buffer (PBS) pH 7.4 
... 0 '_1 0 '1" " _I -tJflff1UH1HUl u'tl-I HtlQ freeze-drying Prego et al. (2010) un:: 

d ,1'..i ... A ,.11 .., '" ... • '_1lfI'U  4°C 'vttJ u 
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. 
o "" ... 1 2 3 4 5 6 7 8 9ftnun 

1f10ll1D 3:1 4:1 5:1 

lf11ftU.""8 TPP 

fll1l1,,yll,yWlt8.:i 1 2 3 1 2 3 1 2 3 

lf11fUl." (mglmL) 

tJ11l1W 31.5 25.2 21 33.6 28 24 35 30 26.25 

L'11V1U9fU(mL) 

tJ1lJ1W TPP (mL) 10.5 16.8 21 28 14 18 7 12 15.75 . 

1 mgImL 

tJ11l1W OVA (mg) 21 21 21 21 21 21 21 21 21 

tJ1lJ1V11'nlJ (mL) 42 42 42 42 42 42 42 42 42 

3.4.2 fl11,h::&il"flWiJlI1lil,.8.:il'11ftU.""11"...niii&ftD 

3.4.2.1  'lW ''11V1U9fUU11u'n1iillfta 

L'1l"U9fUU11u'n1iil&fta ihhw• 
Csaba et at. (2009b) 

" ,
'U111tJl1f1'''lfl LtltltlU (deionized water; OI) 0.2 ....m 

41";'" A • l' I ... ,.11 ... ho 1 .partlC e Size ana yzer 'Dln'1U'1 p to corre atlon spectroscopy . . . . 
&'I ..  4 4 Q 4' CII ClIo 

(PCS) Brownian nqw11tJlJ 25°C 
" " (angle detection) rrhnlJ 90· 'lultJ . 

I &'I  CII &'I CII 

(polydispersion index; POI) Ut'I:: 

Ufl'tH fl1'1'lJ 1tJ,.ii ::fhtJ 'l"::,n H hHhLU V 1 1U 'lW" 1 n 
•'11 electrophoretic mobility 

... "41"'" ""'.,; '" '" , , 1 13.4.2.2  nll'l''1l1::11111lJ'l"lJ1WUtlU'''''UnflfllfllJ Ut'l::lJ'l"l, U '1 "U'lfUU1 U 

fl1l11'1n::H'111tJ1lJ1W itl1t11JijulI'l81i BCA protein assay 

Walker (2002) ih working reagent (WR) "lfl BCA protein assay reagent A 

nlJfI'l'l" t'I:: t'I 18 cupric sulfate (5X hydrated) 40 mglmL 50:1 flfI'lJ WR 
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1 mL 50 60°C 'Ul'U 30 'Ulil 

562 run double beam 
" • .1 .....  " 2spectrophotometer Uft:f1111l1'U1l'U'U'UtJ.:jfl'l'.ift:ft16 

ltJ1ft\!ij'U ltJ1ft\!ij'U 

1) (encapsulation efficiency: EE) 

(indirect method) (Sadeghi et aI., 2008a) 
J/  • J/ 

tJ11l1tu 1 'l'U'i'U supernatant fl1'.i11fl'.il:11'tJ11l1W 1 

l'h BCA assay (% encapsulation efficiency: 

% EE) 1I1flfl'llfll'.i 

%EE = [(A-B)/A] x 100 (3.0 

,rttJ A fltJ (mg) 
• J/ 

B fltJ supernatant (mg) 

2) fll'.ilJ'.i'.i1UtJ'U9i11l'U (loading capacity: LC) fltJ f1111lfl'l1l1'.itl 

'l'Ufll'.ilJn1UtJ'U9i'1I'U'l'U9il1lJ (% loading capacity: % LC) 

cg.:j,rJ'U .:jfl'll fll'.i (Borges 

et at, 2008) 

% LC = [(A-B)/C] x 100 (3.2) 

,rttJ A fltJ (mg) 
• J/ 

B fltJ  supernatant 
J/ 

(mg) 
J/ 

C fltJ  

'l'UltJr-mn1'.:j (mg) 
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3.4.2.3  'UvnliiLfln 

fl11 fl U un"uriov 1 0 U 1 'U 1 'U 11 'U 

... pH un:nn1vh:J'l A'"uUn·:Unfln'UO.:J Mangal et al (2011) 
"  .

ilnnlfl I mg PBS ;i pH 7.4, 6.8 un: 4.5 
d  ,. Q,II ell ,: Q ,d .Q 

1.5 mL CJ1.:JFH'I'lJ sodium azide 0.0 I % w/w 
II • " • 

37°C 50 rpm tl1ml'Uil11J1i1'UL111V.:J;i 14,000 rpm 4°C 'U1'U 30 'U1;i 
1 Q, t/ .. J4. 4 P  4 -tI 

UtJm'l'1'U supernatant BCA protein assay 1lfl'j1:11 .  . " 
tl1fl 'U'Vf11illfln ;i&1n1 1, 3,6 un:: 12 i11lJ.:J 111i.:Jtl1ml'U 

'tJfl'l 24 ;111lJ.:J ,ri'U&1n1 71'U 

1u 

3.4.2.4  

1) flll o.:Jl::uuilTtY.:J tJul::,ii'U tl1fl ..  " 
3.4.2.1 'tl.:Jfto'Uun:m;.:J 

tJlJl'U lUF-HU"".:J1'U l1fJii 4°C lri'U&1n1 3 

(Grenha et aI., 2005) 

" ,  . 
'Vf11iilfln 1'U1UF-Hll"" ill 11 'U'Vf11iilflniinfl 

1 1 'U pH 4.5 \l'U ill
UC'I" Uri 0 tJ 1J1ilfll1:: 11fl11lJ fl.:J 1 ')m't1 fl ijfl sodium dodecyI sulfate polyacrylamide gel 

electrophoresis (SDS-PAGE) Lameiroet et al. (2006) 

125 mV 7.5% SDS-polyacrylamide gel1"tJlf BenchMarkThl protein 

ladder 'U'U1" 10-220 kDa 1u'j9i'U PBS pH 7.4 lri'U 

positive control silver staining kit fIXative 

solution sensitizer solution 'U1'U 2 'U1ii silver stain solution 
" 

ii.:J'120 'U1;i developer solution f.:Jl1q" 

stop solution lmVUliitJu'U'U1,,'UO.:JUClU positive control un:: 

protein ladder 
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3.4.3  

flvHihlflfl111J 1 H16'4fl1fl6g1Wi1'16'4 fl1fl 
4  d 

3 fl6 mty (1,000 5,000 run) (500 - 1,000 run) 

( < 500 run) 1 fl111J 
3fl111J tl6 lj'\JllJ1W 

'j,U6'U 1l'U tl'l 6fJLL6'U pH 4.5 l'U '\JllJ 10.1 tl 'Ina:: 
pH 6.8 ua:: 7.4 'fll;1U'lf'U'U11'Uff1!iiLfia 

1J1'U fl111Jljfl11lJfl'l 1l1;1 Vl9ila6'1 

,;.  :x. -x, u .t<V3.4.4  

3.4.4.1  flU,,,v1fl;'U'
mh'HlJVl9ila6'1,;:t'U 5 6 111 

I lV1a1JiJ'U'\JilJ1W 20 l'U PBS pH 7.4 
II 'fll;1U'lf'U1J11'Uff1!ii1fia'U1J19il 

d,afl 

v '1 
JI  • 

1"wm::1l1V'fl1;1U'lf'U1J11'Uff1 !iitfi a l'UiJ11.h 1ff1l1fl 'VV6'U tYl'J nl"v 
20 na::UU'Il"vVl1'11l\lfl -G',,:ta:: 10 

lv1a1JiJ'U fl6 
20 )lg 

flU Hobson et aI. (2003) ih
 tI-2% ketamine Hf.'flJ 0.2% xyIazine Vl1'1 intraperitoneal injection (IP injection) nnw 

0.1 mL U«1i'1Jl1lJ'U6'UwntJ 0.2 em ,ft61"v1tl;'U ua:: 
lH''U6'Ul'Uvil'fl''Ifln115 'Uln 3 ua:: 6 9 . . 
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'tJ tJ.:)fl1111iUltJ.:)  tJl:aiiu.., (gross 
.1 • s.1 '" 'J/ i'" ... ""'..;""pathology) 'tJUHl lJllJ ua: 

• II 

(He et al., 2010) 

110'.:) V (Makidon et al., 2008)
III  .. .. .. 

d .... • 
3.4.4.2 

d .., • ""  "1 d.... • "" 1) tail vein l1fl 

0.2 ml (overnight) 4°C 
4.  .cS d 401 .cl 4-

15,000 rpm f2fl111f,JlJ 4°C U1U 20 U1Yl lfllJ'lfllJl1f2tu11f,JlJ -20°C 
II • 

2) 3 l::111H 

nal 15.00 U. ii.:) 9.00 U. 20 

PBS pH 7.4 trypsin inhibitor 0.1% w/v ua:: sodium azide fl1llJ 
'J/ 'JI , .It 'JI  t , 'J/.It .... ... •l'UlJ'tJU 0.01% w/v 11 0.5 g1mL 111"lflUi>11U1flltJ.:)I'UVl 

vertex mixer 14,000 rpm 4°C U1U 30 Ul;1 uumbu supernatant 

f2W11f,Jii-20°C (Moschos et al., 2005) 
d",': ... .:  'JI 

3) UH U lalVllJtJffU 1 11 U 1V 

pilocarpine IP injection 2.5 J!g 

20 Ul;1"lfl 56°C U1U 15 Ul;111Uflfbu supernatant .""... "" 10,000 g Ylf2fl111fJlJ 4°C U1U 10 U1Yl 

4) (vaginal lavage) 

bovine serum albumin (BSA) fl11lJl.alJ.aU I % w/v 
II  II'U PBS pH 7.4 50 ,.,Lff1U«1.:)ciSl'l "'1Uffua::alfJ1RlJ 9 fli'.:) 

II 

5) 1..,H (nasal lavage)

ketamine F4ffll xylazine 200 mg ua: 16 mg f1tJt1llfUflfi1111.J11it.:)fi1afli'lJ 
II 

1..,1U1Jfl111.JciSl'l "'1Ufflla:alU BSA I % w/v iu PBS pH 
II II 

7.4 200 J!L l'ilciS13 fli'.:) 
Ii II  II', 

'}1mil':)lhalfJ ua:u l«H

-20·C phenyl methyl sulfonyl fluoride (PMSF) 100 mM lriU protein inhibitor 

(Mangal et aI., 2011) 

http:fl11lJl~lJ.aU
http:fl11lJl~lJ.aU
http:fl11lJl.alJ.aU
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3.4.4.3 humoral immune response .. . 
fll111fln:;H111111W IgG U{I:; sIgA stutter 

et al., 2010 loi{1\1ilu1u carbonate buffer pH 9.5 100 

1 1u 96 well plate 11'.]1l{l:; 100 11fJil 4°C U1U 24 
" Tween 20 0.05% w/v 1u PBS (PBST) 2 

BSA I % w/v 1u PBS pH 7.4 block non-specific protein) 300 . " . 
OW11tliJ 37°C U1U 1 PBST 2 U"'1tlllfiOW11tliJ 37°C ., '" . . . " 
U1U 2 PBST 3 fll horseradish peroxidase (HRP) conjugated goat 

antimouse IgG IgG horseradish peroxidase (HRP) conjugated goat 

antimouse 19A 19A 37°C U1U 2 -i11m 
" " PBST 3 U{I:; 5 IgG U{I:; sIgA TMB 

" ELISA substrate 15 u1fi 2 M 100 

450 nm IgG sIgA antibody titer lflV1ffi1logarithm 
,.d 4:& • ., , 

dilution factor VI lltll1Jlfll1qfl background (Frey et al., 1998) 

1W (flA) 

3.4.3.4 cell-mediated immune 

response 
51 1"sIt ..... 1 .., .1UVfl splenocytes 11llJUl'lf{l{llflV1 flVflfl U lJ 1fl 

Brousseau et al. (1999) sieve sterile 
". " 

ACK lysing buffer '\I) complete RPMI-t640 

medium 1% penicillin/streptomycin solution n;'fl1J 

106 celllmL 96 well culture plates 11'.]1l{l:; 100 

2 mg/mL 11'.]1l{l:: 100 37°C 5% CO2 U1U 3iU 4 °C 
AQ" _F 1,500 rpm U1U 10 U1Vl Lfl1J supernatant l'W011tl'Il::11111lJ'Ill1W IFN-Y 11{1:; IL-4 ELISA kits 

1) fl1l1Lfll1::H1111JlW IFN-Y capture IFN-Y antibody 1u 96 
, . " 

well plate 11'.]lJ{I:: 100 4°C U1U 24 PBST 3 . , " 
10010 FBS 1u PBS pH 7.0 l1'.]lJ{I:: 300 U1U 1 PBST 3 

standard IFN-Y 2 
" ' .. 

PBST3 detection antibody l1NfflllOU'OJll peroxidase (biotinylated mouse IFN-Y+ 
, , " 

streptavidin horseradish peroxidase) U1U 1 PBST 7 
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" " \llf1u\..uiill TMB ELISA substrate ;;-31115 \nn 2 M tJl1l1i1'!i 100 J1L 

450 run fllU1WHltJl1l1W IFN-'Y hWnnmJlnU'lHI1f1f1n-n 

"... Jt! " standard IFN-'Y 

2) fI1'!i11fl'!il::H'tJl1l1W IL-4 capture IL-4 antibody 1u 96 well 
• • JI 

plate Hqlla:: 100 J1L ,jllntJWHfJij 4°C U1U 24 'i111l-3liHfl'1u PBST 3 fli'-3 llli11flntJ'lJfl'1u 10% 

fetal serum albumin (FBS) PBS pH 7.0 300 J1L 1 ci111l-3 
JI •• 

liHfl'1U PBST 3 fli'-3 liill standard IL-4 ,jllntJWHfJijHtJ-3 
• JI • 

U1U 2 'i111l-3liHfl'1u PBST 3 fli'-31iill detection antibody nr-lffll1tJu1.11 peroxidase 

(biotinylated mouse IL-4 + streptavidin horseradish peroxidase) U1U 1 ci111l-3 
JI JI JI 

lil-3fl'1U PBST 5 fli'-3 TMB ELISA substrate ..1-31115 Uln 

2 M 100 J1L 450 run fllU1WHltJl1l1W IL-4 

standard IL-4 
" tl _ .4,_ 

3.4.5 

It.lltJ mean ± SEM 

one-way analysis of variance (ANOVA) 'hllft'lJ Tukey's post test . r Q,I G Q,I Q 

tJUl-3UUfflflt:yl1 p-value < 0.05 (*). p-vale < 0.01 (**) ua:: p-value < 0.001 (***) 

http:nr-lffll1tJu1.11


• • 

I 

"" 1JfIfI 4 

... ionotropic gelation 

5 

TPP 9 3.0 
'1 '" ....... "" 'I, '1 '1 <I"" "" 'JI ""  ! ! fI !'U'Yt1n'UflCI mmVlfl'UfI incorporation 'U'U 

4.1 'Ytu";h 'U'Yt1{vhflCl• 
• ",,J ..9... ,'1 'JI'J1  "" 

 1-6 fI 1 mg/mL UCI:: 2 mg/mL 

hnu UCl::: . . .. 
(vehicle) ,'" aggregation aggregation 

6 tlUll1flt'l'l'i CI::: Cl1tl' U,j''U 

2 mglmL TPP l'thou 5:1 482.00 ± 15.72 nm 

fll'i 4 'C , 'Ul1C11 ,,jln 'U 6 ;h ll:::'Yt U• 
fll'i aggregation th'U 11 'U'Yt1{111fl 7-9 tlUll1flt'l'l'iCl:::fl1tl 

fl11Ul.,j'U,j''U 3 mglmL TPP 'I . ., • '1 • .,.1 a '1 , • 
!'Hty'IJ'U flO TPP lVl1flU 3:1,4:1 UCI::: 5:1 
a'  ocu A 4d. 
Ufl1 205.33 ± 21.46 nm, 493.33 ± 41.58 nm UfI::: 1,166.67 ± 156.85 nm 
'I 'JI • 'I 'JI ... .1 249.67 ± 29.6 nm, 559.33 ± 17.21 nm UCI:: 

1,240.00 ± 62.45 nm (poly dispersity index) 

nhou 0.248 ± 29.6,0.389 ± 0.139 1m::: 0.361 ± 0.089 

'YtU11 7-9 flft11flO 
" 1\  41: " 

21 37 mY 
41: q  fI 'VI 

0.24 - 0.39 'YtU11 
• r I  • • 

27 39 mY 0.41- 0.49 

http:0.41-0.49
http:1,240.00
http:1,166.67
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4.2 rnrh TPP 

\'I'U fltl ff'" n1'U TPP '\Jtl • 

o <V I " q 4 t 'QI68.52 ± 6.01 U€1r:: 66.77 ± 7.95 tltllt'VIlfl1J 31.62 ± • 
1.52,27.61 ± 1.68 U€1:: 27.03 ± 1.27 

1! 4<VCS:TPP 

7 3:1 76.49 ±4.72 31.62 ± 1.52 

8 4:1 68.52 ± 6.01 27.61 ± 1.68 

9 5:1 66.77 ± 7.95 27.03 ± 1.27 

ltl1"U9f'U'U 'I i 7 - 9 

1'U phosphate buffer (PBS) pH n'U fltl pH 7.4, 6.8 4.5 4.1-4.3 

http:1.52,27.61
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100 
III 
III -+- - -+- - .. - - .. - -+ 
ftI 
III 80 

Cii .....a:: 
III 60 
.l!:... 
:; ftI 40 - ... pH4.5 

...... pH 6.8E 
u ;:, 20 

*' 0 
0 1 2 3 4 5 6 7 8 

Time (days) 

4.1  hrvnHitflft 7 (CS:TPP 

1'tl1fllJ 3:1) 1'U phosphate buffer pH (n =3) flW'I1fJij 37°C, 50 rpm 

4.1 'WlJ';h 1'U 11'U'W11ihflft 

7 (CS:TPP 1'tl1fllJ 3:1) 1'U PBS pH 4.5 2 

!mm:: 86.62 ± 1.52 Uft:: 92.34 ± 1.42 1:h'U1'U PBS pH 6.8 

11ft:: 7.4 2 !tl[Jft:: 48.63 ± 1.87 11ft:: 43.49 ± 3.32 

"t'hfllJ 62.64 ± 4.20 11ft:: 55.41 ± 

9.17 

100 
III _.&.- - ... - -. - --- - ..III ....-- + - ....--ftI 80 
III t ........................................... .  Ciiex: 60 

•••••• 
..... ::.._-*----"'!....-....-j....---il----& 

- ... pH4.5... 
ftI 40 :; ...... pH 6.8E 20  
u  ;:, 

<;Ie 0 
0 2 4 6 8 

Time (days) 

4.2 8 (CS:TPP 

nl1fllJ 4:1) 1'U phosphate buffer pH (n =3) tJW'I1fJij 37°C, 50 rpm 
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4.2 'U' 'W lfl1flUClf'W 'W 11 'Wvt1Hhfltl 

8 (CS:TPP lfhn'U 4:1) ''W PBS pH 4.5 2 

85.20 ± 1.44 92.13 ± 4.37 ff'l'W''W PBS pH 6.8 

7.4 2 64.15 ± 1.94 53.77 ± 2.52 

l'riln'U 70.86 ± 3.38 61.76 ±• 
2.16 

100 
CII 
III:ll 80 ,t - + --+- -+ - -+- - -+--+ 
'ii 
r:r::!: 60 ...... ·11········ ............... .. 

.540:::s 
E a 20 

- .... pH 4.5 
...... pH 6.8 
_____ pH 7.4 

o 
o 2 4 6 8 

Time (days) 

4.3 9 (CS:TPP 

llhn'U 5:1) ''W phosphate buffer pH (n =3) 37°C, 50 rpm 

o Q.I d • Q,I .cl , " d , QI cd Q.IQ " fl1':i'U'VI 9 (CS:TPP lmn'U 5:1) lfty 'W PBS 'VI pH 4.5 'W'l'W'VI 2 

83.02 ± 1.36 Utl:: 90.50 ± 2.41 fl11Jt;'I"l'U ff'l'W''W PBS pH 6.8 

2 ffllltl:: 56.22 ± 2.08 Utl:: 44.39 ± 10.28 
4 ... 1 AI t 4, Q.I )J , Q.I " 1'VI1n'U ':ifltltl:: 69.89 ± 1.93 Utl:: 57.94 ± 

5.58 
A • ''''" "'" • , ." ... d.., d , , ,. ,.""'" "'" l1J flllJ ':i tllll'VI tI'U n 1'llJ M'llJtlfltlUfl'W 'W 'VIfl mn 'U 'W fI 1flUClf'W 'W 11 'W vt 1':i 'VIlfl tl 

" 3 "hi''U vt\J':h fifl 

':i l' 'W 1'WU':i 'W 2 

'f11flUClfuu11u'Vn{fl1fltl'U PBS pH 4.5 pH 6.8 

Utl:: 7.4 
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4.4 HftUUllff'U6-3'):lJtJ'l1ui Ut'l 1u'
ulluffl{iilflt'l 

fHI mnh:aih.J Hfl1tJ,fl1l1'UfH ifll \PI U91'U lJ1 hrrnffitfi-n 7 
tQl tQ,lO<LI4 QG.I,d 'w dc:: 

(CS:TPP IVl1fl'U 3:1), m'l'UVI 8 (CS:TPP IVl1fl'U 4:1) u-n: \PIl'l'UVI 9 (CS:TPP IVl1fl'U 5:1) V11fl'U 
• y 

4'C 'U1'U 3 l1'U'1l 
cw "tU " 

t1'llii'\llfl iflflV'U aggregation 'l 

'111 ff 'l::: lii'U \l1 fl fl1 'll tI'U II t1-n 'U 'U 1 'U f) i fll \PIli 91'U 'U 11 'Ul11 {i1lfi -nt 'Wi tI'U fl'U 'U 'U 1 

ifll\P1U91'U'U11 0 

4.4 l1'U';h 1 

i 41 4 • .., ..... .J. .I "" 
u 3 fl'4f1lfl\PI1'l'UVI 7 (3: 1) \llfl 248.67 ± 29.6 run tlJ'U 255.00 ± 2.64 

o '" ..... .;. .1 ::'1 run f)'4.fllfl\PI1'l'UVI 8 (4: 1) 559.33 ± 17.21 run lu'U 585.00 ± 46.130 run 
o<LId Q.d.d 

9 (5: 1) 111fl 1,240.00 ± 62.45 run llJ'U 1,536.67 ± 170.10 

run 

ff1'UtI'l::: i tI 4.4) 

1 i tI 3 fl'U 1t'Uijri fl tJ 
• q • 

7 (3:1) 27.87 ± 0.67 mV ti'lu 24.63 ± 0.21 mV . . 
8 (4:1) \llfl 38.67 ± 1.55 mV 1i'l'U 

38.66 ± 6.22 mV 9 (5:1) \llfl 36.44 ± 1.72 

ti'lu 35.77 ± 2.74 mV • 

" • "111 44'C IJJVn-nlH1U 1 3 

http:1,536.67
http:1,240.00
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3000 60.00 

E 
.5. 
II) 
N.;;; 
II) 
U:e 
m 
Q. 

2500 

2000 

1500 

1000 

500 

40.00 

20.00 

0.00 

-20.00 

> 
.5-
c: 
II) 

'0 a.. 
m.... 

0 -40.00 
o 2 J 

Time (months) 
c:::::J particle size: 3:1 I2ZZJ particle size: 4: 1 _particle size : 5:1 

:3:1 -+-zeta : 4:1 """'-zeta :5:1 

4.4 . . . 
7 (CS:TPP nilo'U 3:1), 19i1l'U1l8 (CS:TPP nilo'U 4:1) ua:; 

(CS:TPP l'rilo'U 5: 1) 4 "C ti''UL1f1l 3 

1'\1 0'1 1 0 m 1'U 1 fl1f1U9f'U'U 11 'U .... 11nlflaua:; 
d 1J!1 9J d 4 4" 'Q !Ln'U oJ 'Ul'l.Jf.I'IU1N l1fJt.U'HfJlJ 4 ·C 'U1'U 3 SDS-PAGE .... 'U11UO'Ufllll'U'YI'I 

3 1 1 U ...ho'U1 a:;a1[11'U PBS pH 7.4 
... .1 ..; i" d .,.., .... ..;., d i 1 ,.1 44 kDa (fl1.... 'YI 4.5) 'H1'H'U11 L01a\llJ'U'YIftmft'U 'U fl LflU9f'U 

'U11 'U.... 4 ·C 10i-n\l1J'U ,rl0L1-n1 

H1'U11.1 3 
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kDa ABC D E F 

.,t 1'" ..... d ... oj 1 1q 1 1 d' ........ d oj 1 _I 'II 111.,..... 4.5 SDS-PAGE 'Ut:!.:J t:!1C1\!lJ\.lflflfllfl1J \.llfl \.l't'fT'ifllflClfllfl1J 
d 4 4 
flt:!tu'HfllJ 4"C \.l1\.l 3 . .. 
lrtt:! A fit:! protein ladder B fit:! positive control 

C fit:! \.l 7 (CS:TPP 3: 1) 

D fin 1 8 (CS:TPP 4: 1) 

E fin 9 (CS:TPP 5:1) 

F fit:! blank 

4i1U1U 3 

1l1flfl11lJl-«lJ-«U 3 mg/mL 

fii(J1'UfH TPP 11'1101J 3:1 7), 4: 1 8) 1m: 5: 1 9) 

o 1 '11,'11 .., "" 1 _I 'II d"" '1 ' 4fl1 '11 U')j'1.:Jt:!'4mfl 3 flt:! t:!'4mfl 

oj 1 ' (249.67 ± 29.6 nm) (559.33 ± 17.21 nm) 'I1W• • v 

. .., 1 1 0' e:. 4;:: 0 AS ... 14 Q,IQ.t d(1,240.00 ± 62.45 nm) C)f.:J fl U't'fl'ifllflClfl.:J 3 lJIJ'imWfl1'iflfl&fl1JUCI:: 

.... _I _I' ...., 'II"" d 1 pH 4.5 pH m(J U lysosome 'Ut:!.:J 
d' co'll", 1 ... _I _I' co...... oj 'II d 

I9fClClflH1,JlJf.llJfl\.l pH 6.8 UCI:: 7.4 9f.:JllJU pH 
, .. 1 : 1 I .,'lI.... " fll(J UWfJ1J 't'fH\l2,dflUCI::ff1'.iU1f11(J \.l'iHfl1(J (body fluids) fl1 d' 

http:1,240.00
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'" l1JfftutfffJl'JJ11.J'.i:;'.-dl-3fl1'.i1.hff-3 1.Jt!fltl1flU 1.J111.J'Vnf 
'U 4; '" U'" . '" 

iltfhni-3 3 (1t!1i1\!ii'U) 

1J 1 'U 1fll 'U 11 'U l11fil'fl 1 1l>:/,f'U 1i >:/ 1 1.J 111.Jl11fillfl i1 
'" '" .. 

11>:/ 3 1'JJ 

Qil CV • 
4.6 humoral Immune response 

humoral immune response ,rtt!

1.J111.Jl111il,fli1'U1.J l'l1-3\llJfl 1 \l 1m:::1l1J IgG 

l'UtlfflJ 1Ii1:: sIgA 4.6 - 4.8 

10 
'"' Q,>--.;:: 8 -... 6t:: 
'y 

Q,> 
c. 4'" -<;> 
0 20.0 
<:> 

..J 
0 V 

3 6 9 

Time (Weeks) 
1 I JI • 

1l1vtn 4.6 '.i::1l1J OVA specific IgG (n = 6) t1jt! flf-3)1 1 
t ". , jJ , • 

3) flf-3)1 2 6) 3 9) 

,rtt! I flt! 1t!1i11Jii'Ul1.Jl'JJff1'.ii1::i11fJ 

II flt! 1'Hqj 

III tit! 'U'

IV flt! 

V tit! 
A... ., , 

(* p < 0.05, ** P < 0.01 Ui1:: *** p < 0.001 tlJt!Il'ltJ1Jfl1Jfl'llJ I ) 
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I 11 , • 

'illflfl1'VfVi 4.6 1 IgG 

1fl 1 fl1J il\.l 1\.I Lfll U'1t\.l U 11 \.I 'Vf 1{ntH fl fI fl m;:u lH flo;h 1\.I 11 \.I flfl L i'1J cy q q tU tU 

1 fl1fl\jiJU l\.11tlfl'1'j (p < 0.05) lAO 'U 1J 

IgG 'j::11 1 fl1fl1Jil\.llu'jtlun 1fl1fl11il\.l 
q,J IiU lV 'lU " 

II , ,., t , JI • 

2 3 'Vf1J11'j iJA':un\.l flflfl ft:utVi:u;i\.l 1 Aultm:l W::fln tVi:u• q q"-I 
" . 

fll 'j fl1J fl'\.I fl fI H fl iJ A':u 0'\.111:1 \.Ilt flll W u ') 0'\.1 0'1J'j:: 1J fl iJA':u 0'\.1 11 It 1fl1fl fl i' Vi 1 
" Q "  

t JI f'  

djml\.l fllH1Afl 1J 11 'j:yt1J IgG 1\.I 11 \! flA 1 1J 1fl 1 fl\jiJ\.I VinfH 

1U U'Vfl{nlHflflflfla:u 1\.I 11U flA 1J 1fl 1fl1JiJ\.Il \.I 'jtlUl'j fl:fl1U q.. tU IIU • IV 

" " (p < 0.001) IgG 

1 fl1 1\.I Lfll \.111 \.I 'Vfl{niH fl::'U flflAfll'j flA 

8 

a.. 
"":6 --< .. 
u4 
I:'u .."" =-
-<2;;.. 
0 
e 

01 

lell 

.111 

.IV 

I!'lV 

3 6 9 

Time (weeks) 

, ,,, t 

.fllWfl 4.7 OVA specific sIgA = 6) 1 
t tI t • " , I 

(tftlA1M Vi 3) 2 (tftlA1Mi16) 3 (tftlA1MVi 9) 

,rtfl I flfl lfl1fl\jilulultlUllfl::fl1U 

II flfl 111qi 

III flfl 

IV 

V flfl . 
AI 4 QI f 

( * P < 0.05, ** p < 0.01 Ufl:: ... p < 0.001 ':Uflt'YIU1Jfl1Jfll:l:U I ) 
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8 

... *CIJ ** 01 
.t: 6-<.!:J Giln 
'" u 4 c'y • III 
c. 
'" < :z 
;> .IV 
0 
011 
0 0..J 

f"Jv 

I " t  , 

fl1flfll'Vili 4.7 1 sIgA 

1 'U lfll\?lu&)1'U'U11'U'Vi 1{ihfl
" «  tI • 

(p < 0.05) 2 3 

'Vi tJ 1U::; fi iJ lJ n'U VI fl fl tilJ1vtlJ 1 v fl iHU::; flU LvtlJ flU \?l tltJ ff'U tI VI H fi iJ lJ n 'U
lUQ  011 q qJq", ,,, 

fl i' 1 t1itlff'U tJ 11 .. .  .  
sIgA lfll\?lu&)1'U'U11'U'Vi .  
fl':h lt11Cl'lJiJ'U1 (p < 0.01) 

sIgA 1 1'U lfll\?l U&)1'U 

Vaginal lavage Nasal lavage Saliva Fecal extracts 

Mucosal sites 

1  "" JI 

.fllvtii 4.8  OVA specific sIgA l'nH;)1Jfl U1Clla 

(n = 6) 9 

,rttl I 

II 1l1qJ 

III fitl 

IV 

V fio . 
(* p < 0.05, ** P < 0.01 Ill:!::; *** p < 0.001 I ) 
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d I iY"i... .. Y i1l1nflTYfYI 4.8 'WlJ11 'IHln'il1nm'j' '11 sIgA UlJfi 

::;r1'u f1lJfllJfiU i U !atllJ 1 'WHlllJ n Llfi::;J 1fi !IV q cv q q q 'U 

" " ttl

sIgA 1l1ml1tl lJ1nw 

161fi\!lJU 

i U ltl ffn fi:fi N Uvl nvlHtl (Ithfll.1!V1NffO 

sIgA 

tiu sIgA sIgA . . 
f I "" " 

sIgA Ufi::':U1fi1(l 

ijuu11 llJ'IlU 1 'li'WlJfl11lJ nlJ'ti i U 

humoral immune response .. .  
IgG Lm: sIgA 

y 

ltllfi\!lJU 'WlJ'), u'Wl1iiLfl fi't1-1 3 
• y 

d'iml1l1lJtilJn11iH"ffl1fi:fil(11tllfilJiJU ul1u'W11iiLflfi't1-1 3 

humoral immune response 

4.7 cell- mediated immune response 

Co" .., cell- mediated immune response 'IlfH'I1'!AVlflfitl-1 

,rltl i V11-1'illJn 
d tiS' ,.d1ll jlo;

IL-4 1m::.: IFN-,}, V1'11fi-1 'illmC)ffifilJllJ (splenocytes) 'Iltl-1'11'!AVlflfitl-1 'WlJ11 'I1'!AVlflfitl-1V1 Lfl1lJ 

ij1::':fllJ'Iltl-1 IL-4 Ufi: IFN-,}, 

ltllfi\!iJuiultlffl1fi:m(l 4.9 - 4.10 
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250 
** ! 

200 * 

Q 150
E 

"i"Jl c. 100-.., 
...:I- 50 

0 

II III IV V 

groups 

4.9  IL-4 splenocytes 1

(n = 4) (* p < 0.05, ** P < 0.01 in'!::: *** p < 0.001) 

Lrttl milJ I  1tl1"'1JiJ'lJ1'lJnJnl'I"':::cnv 
" " "" 

fl II 1 hi hnu 
q  " '" u 

fl III fltl 1

IV 1'lJ 

4.9'Vt1J'h IL-4 

'tI tl.:J 'fl1 11 1 :::fl1J IL-4 11'lJ 1J 1 tl1"'1JiJ 'lJ 

IV) IL-4 (139.59 ± 51.02 pg/mL) 

tl.:Jfl11'H 'lJ 1 tl1mJiJ'lJ 1J' fl1 UClf'lJ 'lJ 11 'lJ'Vt "''tI 'lJ fl '" H (fl lJ III) 

(58.95 ± 26.12 pg/mL) 11"':: 1'Hqj II) (47.68 ± 55.76 pg/mL) 

tlDl.:J 

iiLti",..f.:J 3 IL-4 IL-4 

l'vhti1J 32.48 ± 2.05 pg/mL 
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,20000 
** 

--C 
Ob 
Co ...... 
COl e 
COl... 
•z 

tt..-

15000 

10000 

5000 

0 

** 

II III IV V 

groups 

4.10  '1::\9\lJ IFN·Y splenocytes Lrlo

(n = 4) (* p < 0.05, ** p < O.Oltm:: *** p < 0.000 

trlo mllJ I flO 101t'1\lii\.l 1\.1 IUff1'1t'l::mo 

II flO 'fl1"UCJf\.l \.I11\.I vn1ilLflt'l'U\.I1"1'HtY 

III flO 'fl l"uCJf\.l \.I11

IV flO 

V flO 

1fl 4.10 TtlJ -:h 'U\.I1"'U0 \.ITt 11iiLfl t'lij 0'1 IFN·Y 

1\.1 \.ITt11il,Lflt'l'U\.I1"flt'lH III) IFN·Y 

(11,205.97 ± 6,777.84 pg/rnL) 1 \.I \.ITt l1illflt'l 

IV) 5,094.51 ± 3,660.45 pg/rnL 1'HtY II) 210.83 ± 3,660.45 pg/rnL 

(p < 0.00 IFN·Y 

I) IFN-Y 33.36 ± 4.83 pg/rnL 
... 1 4  QI'Q" cell - mediated immune response 

IIt'1:: IFN-Y (splenocytes) 1 01t'1 \I1J\.I 

\.I' fl1 \.ITt 11illfl H'l Tt lJ11 'fl1 "uCJf\.l\.l11 \.ITt 11illflt'lff1lJ1H} 
Q er  " Q,I ')J

'ff'1 lJ q'Yl 'fifl 'j::'l\.l fJlJrJlJ fl
Q,I

\.IlIlJ lJ cell - mediated immune response IlJ OI'YlfJlJfllJfll'1 1 'H 

'" '" 1 , 1 1 "'" .... d !lIff1'lt'l::t'l1fJ1 01t'1\1lJ\.I fl "UCJf\.l\.ll ff11Jl'lflfl'l::'l\.l 

1m:: IFN-Y 1'HqJ 

http:3,660.45
http:3,660.45
http:5,094.51
http:6,777.84
http:11,205.97
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,...  
'UrIrI 5 

fI•W i fll V1U'lfUt u'V4oiitlJ iliijfl11lJt lJ 
. " 

flfl 'tl-3flll fl lu i fllV1u'lfu • 
ul1 u'V411ihflt'l1!11lJ1HI'l'16-3flU lflWU i'lfl1 Ut'l:: fll1:: 

(Kang et al., 2009) 

ufiTIi ionotropic gelation tfJuin 

1 td6-3 {llJ ffll Uflll tVl1 {llJ fllV 

Ut'l:: iliij ifl1 VlU'lfU U 11u'V41111tfl {llJ lflin ionotropic 

gelation to lfl flU Vll 01 {lU:: w:i H'Ih::, tJ 1 fl1J 6 -3 i fll VlU 'lfUU t'l:: '1h::, t'l tJ 'U6 -3 sodium 

tripolyphosphate (TPP) fllltl1tJnJg{lufl11lJt<ii'lJ<ii'U'U6-3ifllV1U'lfU 

l::w:iH ifllV1U'lfUUt'l:: TPP 1 VlU'lfUU 11 • 
1U ifllV1U'lfUU11U'V411111flt'l 

ifllV1u'lfU 

U ifllVlU'lfU ul1U'V411111flfl 

(Tiyaboonchai, 2003) 
" l1tJ ifllV1u'lfUU 11 U 

tI "" "" P .1'" AId " " i 1 !"II'V41lVllfifl fI VlU'lfU l1JU 1, 2 Ut'l:: 3 mg/mL 

ifllV1U'lfUU11uvn1111flmi46flmotJ1 

(Gan and Wang, 2007; Xu and Du, 2003) 

1 mg/mL llfl::: 2 mg/mL ijfl11lJhifl-3f11 

aggregation Moharrunadpourdounighi et al. (2010) 
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..Ii )) 1 1 ""'" '" ..,;.... dC)f·rrnJfl1'j aggregate 11tH Lfl '\.J'W1HUfln'VIflmfllJ Naja naja oxiana snake venom 
'I iI f"'''' ))1 ",,"', dLfl 1.5 mg/mL 

"dh 11'\.J 

'W 1{Vi lfl nijfi11h:::: 1 fl'\.J fl1flUfl 0 11 lli'ff 0-1'W fl ff1'Hi'lJfl1'jiffl-1O' '\.J 
'" 

'\.Jihm::::fI'1001 (vehicle) 'til'
11 Oflfln '51 aggregation 11J 11 n 

nanosuspension + 30 mV 

,fffl • •
(vehicle) (Du et aI.,.. .. '" 

2009) 
....! <,.. " ;fd... )) " " ..Ii , " 3 mg/mL 'H 

, 11 '\.J'W1{ f.I n'tl tHfln fll UC)f'\.J '\.J 11 '\.J'W 1{iii

3 mg/mL TPP 

'W1rh 

TPP I'VhO'U 3:1 lin::: 4:1 

205.33 ± 21.46 run ,rJ'\.J 493.33 ± 41.58 run 
c:It 0.... A )) 1 1 """ ..."'lfl 21.33 ± 0.78 mV 11J'W 37.70 ± 0.85 mV Lfl 'W'W1';i'VIlfln 

ij' 1'j 1 

, \in;" 1 '\.J'W 

Kim and Kang (2008) 

, TPP 11'hO'U 3:1 ,h 1 • 
fl 'h 'fl1 '\.J1 1 'W'W VlJ "'lfl 1 IiIVlJ 1 n'tl fl-1 TPP 

hepatitis B surface antigen (HBsAg) 1'\.J 

'Wu'h IgG IIn:::fI't)liIfla't)-1O'U 

Prego et al. (2010) 11i1u 

))1 · ..... A,"o' "''' J. 0'''''1''lfl TPP ll'llflU 4:1 1'Wt) 'J'W1f1'-IJ HBsAg 'VI1 'H 

1 '\.J'W1{'hfin'tl '\.J 11'W'W 

VlJ"'1flfflilff1'W 1 TPP ll'iltilJ 5:1 1 IiIU'tl'\.J 11i1'tlfH 'W 11 'W 

't1 1{VII fi n VlJ 1 '" 1fl fflilff1'W 1 iii UlJ 1 n'tl t) -1 'fl1 It C)f'W t) TPP nhtiU 5:1 ijfi ll'Vh O'lJ 

1,166.67 ± 158.85 run 34.50 ± 5.23 mV 

http:1,166.67
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(Gan and Wang, 2007) Grenha 

et al. (2005) flllUi''Uff'fl'Y1'U TPP 5:1 lnU 6:1 

vh1 tlU":;flll0mfi'U 1 'UvnHitfllm'fl".:Jillflf 81 In'UftlU'':; 65 

nl'tfi''U fJ.:J 'tJ '1..1 l'f1fJ'ifllf1 1 '1..1 V; li''U ffllJ 1'l OU 'l:;tiju lfl 

0.5 l1lJ1UO.:J '1..1• 
homogeneity \!.:I (Kouchak et aI., 2012) hmcu'U 

'1..111 3 mg/mL 

tl'Ufllflnho'U 0.244 ± 0.021, 0.389 ± 0.130 1m:; 0.361 ± 0.089 lrimYilJff'fl"b'U 1'f1UlJ1,,'tJfJ.:I • 
JI 

TPP In'U 3:1, 4:1 5:1 
«tel OQ.l 

homogeneity 

fl1'lomfi'U 1 tl1"1JlJ'U 1'1..1 1 fl1 ffl'l "::"1t1 'fl1

fl11lJl.u'lJ.u''U 3 mg/mL ..,'U':h 76.49 ± 4.72 InU 68.52 ± 6.01 1m:: 

66.77 ± 7.95 lrifJlrilJff'fl"h'U 1'f1UlJ1,,'tJfJ.:I TPP 3: 1 In'U 4: 1 5: 1 

1! '" "" ... .k ' '''' A I 1!II.,.Gan and Wang (2007) 'fI'fI 

1'Uffl'l"::"lU TPP fll'l"'fIU1lJ1W TPP l'Uv;11'U 
JI 

''1..1;)'1..1 'fItl'UflTilf'i; tJlJV; 11'U"'fI".:J ";1 1 Uff'fl.:JU'l:; "'fI".:I fll'l lO'fI6'U 01Ul'l:: 1111.:1• 
1 1f11'f1llCU'U'U11'1..1 

"'lfiilfi"i.:J"'fI".:Jlritl"'fIU11J1tu TPP l'Ufhi''U 

fl1'.i'U'.i'j 1 11u..,lfihfi 1 'fIUlJ 1" 

TPP l'Uff'flff1'U 3: 1,4:11m: 5: 1 33.92 ±1.89, 

27.38 ± l.331m: 27.10 ± 1.49 Grenha et al. (2005) 

cb.:Jomfi'Ufl'U'lffl'U (insulin) l'Ulfl1'f1ucu'U'Ul1'U"'lfiiLfi",,'fI'C1.:J TPP 
4 .,. J! !'iI !II ..\ 

5:1 IlJ'U 6:1 29.8 ± 1.4 llJ'U'lfJU": 22.3 ± 1.6 
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11 1m::'U 'U'lhri 1 nanosuspension ljfl11lJfl 

'U''U1.. tJ 'U mhri UCl::! 1::{J::L1 Cl1fll1!fI 'U 

!"I1'U freeze drying !rI'U115fll1..t1 

freezing stress U{I:: drying stress 

aggregation 1m,. (glucose) 
d d'_"'QI.Q 

amorphous matrix aggregation freeze drying 
Pddo 'I !II 1 d! d ""'I!II , ! 
tl freeze drying 

... J !II !II 
'(cryoprotectant) (Abdelwahed et aI., 2006) lflfffl11lJl'\1lJ'\I'U 2.5% 

w/v lr1'U cryoprotectant fltl 

2 mg/ml UlJtl'4fllfl freeze 

drying (Hirsjarvi, 2008; Prego et aI., 2010) 
.I 4 ... 1 ctQ • .I , 4 ..QI <d 

1'W lJ'\I'U lJ u1:: 'U 1flVlH1 tl'Ufllfl L'W lJ'\I'U 1I1U'\I 'U tl fllflL'W lJ '\I 'U IlJ tlLVI {J'U. . . 
,tltln1fl1jflln'h{llt1'W'U1i::'8' fll TPP 

>I 

, 'U 1::'I1'h tl'U freeze drying ih' tJ tJ tltlfl "lfl tl'4.fl1fl , fll 91'U 

,rI'U H{I' 1:: 
q. 

fi1tl'U.fl1 ll{l::'\1 'U '\I tl'U.fl1 fl , u 1 
q 

Ufl11 1 U'U U tJ {I 

fl ril1ii1' 'U tl'U•.fllfl l'U lJ1fl 'U fll1 fl 1:::: 1U'\I'U '\I fHtl'U•fll fl 
d d J , , '" , lIJ 1 <f"'" d do(Hafner et aI., 201l) tltlH 

3 mg/mL 
" 1fHIlfl ltltltl'U 1 'U'W1filtfl{l 

TPP niln'U 3:1, 4:1 1ICl:: 5:1 • 
... do 'I .1 !II d J !'It 248.67 ± 29.6 nm, 559.33 ± 17.21 nm ua:::: 

1,240.00 ± 62.45 nm 0.413 ± 0.048, 0.470 ±O.038• 
U{I:::: 0.488 ± 0.80 

U{I:::;lj homogeneity 

fJW 11rl'U '\I 1fll 'U 11'Uvn1nlfl (I'th'l1i''Ufl11 11 1ri 1flCH'U 
"'I .,. !II' d! ,!II ,d! lIJ.I!II ""p ... 
flt) 5 Ilm ''ntl 'I1ff11J11flH1'UWt)'IJ"lJfl ,. 

systemic immune response U{I:::; mucosal immune response (Kang et aI., 2009) 
4G.1 , " , d 

flln\Wll'U'U in vitro 'n'U11 500 nm, 500 nm 1,000 nm U{I:::: 

http:1,240.00
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1,000 run 0-1 5,000 run 

(Rajapaksa et aI., 2010; Oyewumi et aI., 20 I0) 11 

'UU f]'Vl tm lJflUi U (in vivo) alJ 

fl1 11 C)flJ lJ 11 lJ 'Vn Hi1 fi alJ 111fl ff1'5 il ::;il1a' fl1 UC)flJ fl11lJ 1 mr lJ 3 mg/mL 

TPP l'VilfllJ 3:1, 4:1 Uil: 5:1 

(248.67 ± 29.6 run) (559.33 ± 17.21 run) 

(1,240.00 ± 62.45 run) 3 

m 111flfll':i1htf i Ul1U hI 
qlUq  'V " 

pH 'lh:1J1W 
, 'JI "".& ... :;. ,

6.8  (Harikampakdee et aI., 2006) pH 7.4 111flUU':i:;lJlJU1ff-1 

"''''1 iOfQ,tl1::\lfll1lJflU antigen presenting cells (APes) C)f-1lJ pH 4.5-5.0 ma U 

lC)filc1iiii pH Uil:':fll':i 111flWU 

" maiu lysosome (Mao et at, 2005) 

pH 6.8 Uil:: 7.4 pH 

malUl1-1fll{J (body fluids) 

fl 'til l1U lJ iu' U 11u'W11Vi lflil\lfllhtf-1 0-1 APes '11 
iutJl1J1w1J1tl APes ill T-Iymphocytes 

"  . 
11 il::  B-Iymphocytes iru' fl1 11C)fU U 11 U 'W 11Vi 1 fi il;; ff1lJ 1 Hlfl ':i:: U.Q iJ lJ flU' 

APes APes lhff-1 

1M' T-lymphocytes 11il:: B-lymphocytes )jtll1J1W1J1fl 

" fll'5tJ l1U 111tl 1 u'W11Vilflil't1-1 3 

)jafl1:lW::fl fl'tl U \lfl tJ 'tla'tl01-1 1 1 u,b-1U':ifl'U Uil:: 

fl'j::..t-1 1U 'tl-1 il'tl-1 ntl1:l w:: fl ntJ 'tl-1 

\llfl'tl'4tl1tl PBS 111tlflil 

U1 il::'lf1-1 1 afll'j tJ 1U 'lf1-1U'j nw
!:1t ..,.&. i'JI _I _I' ... .I ,P' . d dI _I _I''tl'4tl1flllJUl1iltl C)f-1'Vli n l'j afl fll'j lJ lJil'tla 

'lf1-1,l-h initial burst release 

IS steady state release 

matrix 'U'tl-1'tl'4 tl1fl fll'j 'tlVU'tlU \l Ulfj 'tl-1'tl'4tl1fl tltlntJ 

.... • "'.I, P '" .I , P, • '" • , 'JI 'JI 1Y. 1 _1 _1 • • 'JI,161tl \iii lJff1J\l'jW Vl1 '1fl1il1 

http:1,240.00
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(Agnihotri et ai., 2004) 

pH l1'U'Ufl-!l 'flll9lu'1$'U'U 11 'Vl'IJ'h 

pH 4.5 pH 6.8 

7.4 nlm1l1fl pH 1;,111'u 'fl1 191 U'1$'Un'IJ 

TPP (swelling) 

'U 11 'U'Vl1fihfi fI\) fl V'YI Hi'Vll 'U'U (Oudhani and Kosaraju, 2010; 

Keawchanoon and Yoksan, 2011) flflif.:J pH amphoteric 

compound U til1 'j:; , flll9lu'1$'U n 1.JtI'j:; 

(Mao et ai., 2005) 
y • 

'U Ofl111flU'Vl1.Jl1 fI 01 fl1f1\1ii'U 'il1fl i fl iI9lU'1$'U'U1 i 1I1J 111f1 

il9lu'1$'U,}eJ TPP niln1.J 3:1 4:1 UfI:: 

5: 1 fl i Vl11!'1$'U'U11 01J1l1fl lfllI9lU'1$'U,} fl TPP 

iitl11J1W l'h111'm i iVl1U'1$'UU'flll 'ih111' 
... 'II 

(Xu and Ou, 2003)'U flfl11 lflrl'fln1

ifl iI9lU'1$'U,}o TPP . . .. 
111fl N1 ifl1I9lu'1$'U'U11 iVl1U'1$'U 

'U11 ifl iI9lU'1$'U,}o TPP (Gan and Wand, 2007) 
tI 

ifl iVl1U'1$'U'U1 3 

PBS pH 4.5 1'U pH 6.8 UfI:; 7.4 

111fl ifl ifl1Vl1U'1$'U'U 1
tI 

1'HtY 1l1f1 ifl1Vl1U'1$'U 'U11 'U'Vl1fiilfiflYl.:J 3 

1'U pH 4.5 'Vl1.Jl1 2 7 

'U 'Vl1.J'h ijflU,j i ,j'j:;1J1W!OOfl:; 90 
'II • " " 

i 'U ifl iVl1U'1$'Ul'nfii!flfl ifl1Vl1U'1$'U'U11 3 ,j1i'1.J 

:;fl1'j,j 1:; ff1J1 'Ufl nihri 1flCH'U'YIH 111Jfl i (J.. 
'I' "'... i 'I' 'I' """'... A I I ... .1 iJ! I d " Lfl1f11,J1J'U \)1f1 fl LVl1U'1$'U'U1 L'U'Vl UfI:;fflJ1,J'.iW 

\)lflfllO1 1 'U 

101f11,Jii'U 

http:UfI:;fflJ1,J'.iW
http:OOl.:Jn~''.i1
http:fl1~1,Jii'Uli~'H1J~1itifl!~1.J1
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fll'jtJ 'j: liJ'W eJ -3'j: UUU lff-31f1 Cj'W J{1V ifl1 IIGlf'W 'W 11 'W .... 11fi1;) n 

, eJ-3tJ'Wmfl 10eJ-3 'j: ffl'1 nm .... l'WfIl'j Ulff -3 ffU 
u • 

1 llU'H""-3f1 'j: lllVN-3 Vl1 'WJlfl 'j:fflVVl"11 • • 

(vehicles) 'W ....11 1eJ1n\!n'W l'WI tJ -3 (In 

4 ·C 'Wl'W 3 ,$jeJ'W ....Uil l'H,j 
"' q ct 

'H,jtJ:iJ1'W 'IIeJ-3 'l VlftU TPP (residual amino 
OJ 

group) QfI?I-31 (deprotonation) un:::Qn 1 eJflin (hydroxyl 

group,-OH) 1

n lf1ffftU . .. 
flq Q d OJ t 10 1 iJ "" 1 ,.1'Wl1'W.... un:::'j:'H1l-3tJ\.!fIlfi l'11 'Hty'\l'W (Lee, 

2004) Hafnaer et aL (2011) • 
JI c1 }/.,; 4 .... "" Q .1 , .1 

melatonin 1 rJl'1'QW'HfJlJ 4·C 'Wl'W 7 .... .... lJ'IIU 

N1 tJmrlmiivu (llJ 1 'H,j fll'j 1 tJn 

.... , fl1 1 fJW 

....u'h 'QW s·c 'lJ{ 

JI .... '" l' 1 1 "... ",..6 "" J!c1 ""'" 'W fI 'W .... ionotropic 

gelation 1l:'111Vit ti'W fl U 1 ffVfffll .... 'II eJ 1 tJ (protein denaturation) lllfl i,jl

.. (organic solvent) pH 'QW'H(liJ un::IIH 

'j i'vl'Wflu VlJ g'W'l 1i 

(Lameiro et aI., 2006) (primary structures) 

'" '" immunogenicity 

tJjlJtJiJ 1 1

1l'1f1'l1f1 SDS-PAGE ihlM'ffllJl'j(l 1.. .. 

l'11U 11l BCA protein assay 

'lJ{ (Bilati et aI., 2005; Walker, 2002) 
... ... QI c1 1 1 1"'" 4 ...... 1.1 JI c1 ...U Lfl 'W.... rJl'14°C 'Wl'W 3 

....U1llltlU 'lJ{Jl1vtl1f1UfI SDS-PAGE VlJrlli'U flf) 

44 kDa u .... 
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" 3 l'.u11 ifll;1U91lJ• 
lJ i1'\1lJ 

pH pH 6.8 

7.4 1 tJiC11JiilJ i1fl 111lfl 

1 ifllflU91lJlJlllJ'Vi lfVilfl1:1 4 ·C Ina fffl 1 'Vi.. .. . 
lijtJnmfhu1tJ 3 3 

1 t;lJ .. . .. 
" fllnh d ifl t;lJ 'illlfl ff11llHlfl 'j fliillllftlJ 'lfU i 11'Vi humoral immune <u q <u q 

.d ... 1 fI Q! 1 o· .c:tQ,if Q,Irespons (HIR) cell - mediated immune response 

A'.I " .Ii:'1 1 .... 1 J4 '" 'Vl103'illqlfl fltJ HIR U'IJ'IJ mucosal immune response 9103llJlJfln fl111:1fl 
II , " , .. 

sIgA 'lJ1nW!1im-Jfh 

systemic immune response IgG 
, , ,)1ev .at . "C:::S 1 A'.I' .... " 

flH'il1flfll':i IgG (Look et al., 2010) 
" " HIR CMIR 1lJfll'j1111:11m"tJ• 

.c! Q d 1
extracellular pathogens intracellular pathogens tJfl'Vlo3 CMIR LillJfln fl 

fl UfltJ'IJ fflJtJ 1111 1911flfltill''lfU ll4tJfl lJ tJtI fflJ tJo3 

""'i! ... 1 1 1 ... ...,;. '" 1" 1" "'"I .Ii.ct"91 flflOlJ'Vlff1f1qJ IL-4 IFN- Y 9103 IL-4 
• Q,I + " CD4 helper T lymphocyte type II (Th-2) B lymphocytes 

" Q Q Ja 0 0 Q,I B lymphocytes L'Vifl'Vl11:11t1 extracellular pathogens ff111':i'IJ IFN- Y 
.ct 1 " ,.t + .:.,ll'IJ'VltllfJ CD4 helper T lymphocyte type II (Th-2) 

.A 0 «fd.Q .: 4 • 

ffl'l'il1fl CytOtOXIC T- lymphocyte mtracellular pathogens (Cauley 

and Lefrancois, 2013) IL-4 immunoglobulin 
4.ct 1! ... """" .:.,class switching IgE 9103L1JlJffl':i'VlfltJ IFN-y 

.,; "'" "I " 1""'" 1" i!.l, ...4 "I'VllllmfllJ '\I tfl negative 

I 4 '" "" " ... 1A I ' 1feedback ':i::111103 IFN-y !'VitJ 
, . 

.Q Q,I 41 f .cS Q,I , t 

IL-4 IFN-y (Thakur et al., 20 12) 

Okarnota et al. (2007) influenza hemagglutinin poly(Y -glutamic 

acid) nanoparticles subcutaneous 'Vi'IJ'j, influenza 

hemagglutinin IL-4 IFN-y splenocytes lftO IFN-y 

A Q,I QI 11 influenza hemagglutinin " ftfl;111lf IL-4 """ 
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·n1 
.. 

U f) l':i 1.h Iii U q 11 i 
# 

f) 'i::: U fJii lJ n U 111:;.:J' 11'1 f1 CUU11 H 1Ilq! f)' U 111.J 11 

HIR "1f) IgG 'ucui'lJUC'l::: slgA eMIR 

f) l':i '1h :aiiu q11 tf) 'i 'W lJ nu 'II fl.:Jl1lJ 11\01 t'I V lrl ml Hi 1 V1t'1'IJii U n f) lfi 1J 

'u if11\01uC)f'W'Wl1 11H"lq!f) lv1t'1'IJiiu . .. 
''W PBS pH 7.4 111\1"lq!f) 

Q"I .Q.SI .Q. ... 1 Q 'JI q i'd ... 1 i'j}QJ QIQ,.' a tI d.'i:::\OI1JfllJf1lJf)U"lfU\OI " l1V"::: lJVt.:J1J'i:::ff.:Jf1 "1f) f11'i \OI'i 1J 1f1C)fU.. . 
f SI " " 

11 H illJf) "1f) f11'i [JUl1tJ Mihl1 t1f) nfl111 \01 t'I V 11 f) ntJ\OIllf' \Pi.:J tlfi ri V'W'M1f1 CUU Ut'I::: ffU ff\Ol.. . . . .. 
f11'i11\01t'1V.:J Ht'lf) l'i1 i,jVt1J -1111 f11'i 11tJ nfl111 \OIlW.:J'lf) f) VV1.:J 1111mhfi'ty 

, • f " 

111 VI fi [J1J n 1J111.J 11\01 t'I V.:Jyj i,j i 1J ffl':i' \01 '1 11 1<3"lq! f) 111 fl ffU q'\OI f) n 11\01 t'lfl.:J 11f) n tJ 'i::: Iii U 

Vt£J1i111[JllJl1f11f1 (grOSS pathology) illf)ltJ'il.:J 'II 'W 1\01 I1t'1dY'Uv.:JtJV\OI \Pi1J fJllJ ut'l:::ifl 'UV.:Jl1lJ 

11\01 i 1 fl1t'I'l,JiJU11H" lq! m fi [J1J n1J l11.J11\01 i,ji 1J ffn' \01'1 11H"lq! f) Ht'lf) n 1 [J 

i,jVt1Jf111lJl1f1f)fil.:J111.:JVtmifffl1Vt (fI1f1HU1f) ,,) Mif11f1UC)f'W 'W 11 UVtl1iilflt'l • 
lfl1t'1'I,Jiiu111.:J"lq!f) flU (Makidon et at, 

2008) 

Ht'lf11'i1 hH1J U if11f1uC)fuUl1 UVtl1iitflt'l 

111.:J "lq!f) ffllJ1Hlf) IgG 111fl1t'1'1Jiiu' u,tJ ffn ffnt'l:::t'll[Jflt'lV\OIf11'i 11\01 t'lV.:J 

Vila et al. (2004) tetanus toxoid (TT) 

'Uif11f111C)f'WU11UVtl1iilflt'l 'UU1\01tJ'i:::lJlru 350-370 run IT 

'UltJffnt'l:::mv dlv.:J"lf)fl'4f11f1 tight junction tlt'I::: 
.. .. 0 " " o,.c:t J .cot! o. QI ,d.lVtlJf11'i[J\OIlf11:WV1J"lq!f) 111 la'.:Ja'nlVtlJ'U 'W Vf)11.:Jf11'iUla'.:J1f1C)fUH1U M cells 

1Jlnru NAL T 1'W ltJu1J1Jfl '4f11f1 thri.:J lfl\Ol UltJ U1J1J a'nt'l::: t'llV til'11' fin Ulri.:J 

1fl1t'1'I,Jiiu111.:J i f11 flUC)fuul1UVt l1iilfl t'I i 

a'1'i t'I: ell vlfl1t'1'I,Jiiu 

OVA specific IgG . .. 
lJnu 1 fl1'f1'I,Jiiufiti mfi1Jl U uVtl1i1lfl'fl'il.:J 3 IPili'1J 

'II U 1\01 'II fl.:J lfl1'f11JiJu11H'illq!f) i,jiiH'fIfifl 

Naganoto et al. (2004) 

IgG rat 11H'illJf)'illf) 

'lJfl'4f11f1 400 run, 1 }1m 11'f1: 3 Ilm Naganoto et al. 
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(2004) 1,jihll)ffflll1fl11lJfflJitnf'U mucosal immune 

response lmnlfl1'Ufl1) 

ffnlllJfll'HI)1\1l'llJ OVA specific IgG 

polyclonal antibody 

Uij'U Ofl U ilUH

")fU\PIijU1iJm'li'lJ (strict hygienic conventional) ij1\1l';'

1H\Pi) 1\ll'llJ OVA specific IgG 1 'U'H'Iq! 
QI Q "QI 1ij1n1JlJ'U Borges et aL (2008) 91.:J\Pi)1\1l'llJ IgG, sIgA 

cytokine ,Jij HBsAg HBsAg ELISA 

1 \PIli ij)::: lJ 1,j It fl,J H \11 fl ff l'VI -a V.:J ,?( f lJ U ij 'U 1\1 U 1'U ) tI ffU -a::: -a 111 VI H \1lJ fl 
" .

1 U'H 'Iq! '?(f1Jl1V'U I\1'U 1 'U lt1 ff1) -a:::-a1lJ 

1 um..pl1fl alginate coated chitosan . " 
nanoparticles 

'Uijfl \1::: ff1lJl){Ifl):::?I'U sIgA I 
'V • "1 cu 

du 
Vl1.:JL;j'UUffff11::: • Shim et al. (2007) 

.. • d ... 
fl1H.nff.:J Shigella ribosome VlH\1lJfl sIgA 

" " 1 \1 1l'l).:J 

" 
" " " sIgA ll'lH\1lJfl lJ-a 

U 11
t. J/ " 

OVA specific sIgA "l 1ij1-a\!ijU'VI1.:J \1lJfl l1.:JU llil'llJ 

1 'U U ., • '¥ '¥ ." . 
3 systemic immune 

"" " response 1l'l) .:J\1lJfl 

J1-a1tJ 

'IJij.:J Krishnakumar et al. (2012) HBsAg TMC-coated PLGA nanoparticles 

VllnlJfl'H\! rat l\P1tJfl\.ifl1flihri.:Jii'UU1\P1Ll'l1t1lJ 276 nm, 445 nm 729 nm 

fl\.ifl1fl ii fll) t1MnJ rlij tJUijU \1'U' fl 'fl tJ-3t1U ijOl) fl '.i lJnu lJ 11W ph 'U 

Irt ij'IJ 'U1\Pi'IJfl'n:::lJ 1J111 ,itfl-3 \11fl flU ii'IJu 1\Pi,gflff1lJ1',i mhri -3 \1U 1 t1V-3• 
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i tJ II cHN ll1 Henriksen-Lacey• 
et al. (2011) Oiposome) 'VnJ11 

6Ufl1tl'lJU tJmnj i 'I1W • • u 

IL-IO 'il1n splenocytes IL-IO 

CD4+ helper T-Iymphocyte type II IL-4 
• , d QQI .d ,

6£11.:J lnm'lJ ll£1.:J1Umn'ilmm1J in vitro 'lJ6.:J Kanchan et a1. (2007) 

polylactide (PLA) (2-8 11m) IL-4 'il1n macrophages 
" " 

6'4fl1Tl PLA (200-600 nm) 

ulOi nun l :::AUflijfl' 'lJflU 10 1I1n ILOU rJ'il1n6U fl1tl U1 ri.:J' tJnl ::AU 19fC\ 
fV q • q q 

1 ml 1f1i '11 t)jijml 'ilU 
" .:::AU flijA''lJftU . .. . 

" 3 1Pi1i'1J 'U'V41JTl11'lJif'lJiu,j 

Kanchan et al. (2007) 

'II U I \lnihri .:J'YlH 'illJ n i tJ V.:J61 'lJftU' ':h' tll U 11u'V411ihfi C\ 

i l1W U u .. • 

'I1W f1ijA''lJftUn1l IL-4 
u 

III!}!""," .UC\:: in vitro 'lJ6.:J Kanchan et al. (2007) 
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1'HW (Kobiasi et aI., 2012) mh-3 i iJjl11Jfl11m1uwu-6. " . " . 
sIgA 

cell-mediated immune response (CMIR) . 
IFN-y splenocytes 

'VIl-3l1lJfl 

U1 IFN-y 1u 
"'''''' ... l' 1.... ... .k 0'1 i 1 1 "'.,. .,. d'Htyun::::ff1'jn::::n1f.1 61n\!1IU t.)f-.3I'lJUMn111fl fI 

161n\!iJu l1lJfl i lHi-.311UI 1 'Hqj 
0'"QI Vila et al. (2005) 'VIfffl'I:J1U1ff-.3 

.k .... d 1tetanous toxoid (IT) t.)f-.3flmfl1J U6"!fl1f1 PLA-PEG 200 nm, 1.5 J..lm, 5 J..lm lin::: to J..lm 
" 

1'Hqjun::: IT (p < 0.05) . " 
U6fl111fll1f)"! fllfl131ff -.3"l1 U1I'ugfl ff1111'j a-.3 61V1:::131I'H lt6-3 1 

a-.3111J 116,,!fl1f1"l1 U ,gfl ff1111'j Ufl 'j APCs fl1f1 "lI 1 'Hqj 
Q,I 441 t , d1 .... in vitro "litH Vue et al. (2010) t.)f-.3111J11 6,,!fllfl fI 

d " • , "d' , 1 1 · 0 1 " ... "" Ifl1Jl'U1iJ macrophages fI 'Hty 'VI1 0.43 J..lm un::: 

0'" 01" d "1.9 J..lm QflU1ff-.3I"l111t.)fnn 4.8 J..lm 1'11 'H6"!fllfl"llU1'ilLnflff11111Ufl'j:::¥jUfll'j 

IFN-y Krishnakumar et 
.k , '" .. • 1 " ....aI., (2012) t.)fUt1J11 TMC-coated PLGA nanoparticles HBs Ag 'Hfl1J 

dendritic cell 'Hqj U 
, J!"" , 1 ." ....' "dIFN- Y111fl splenocytes 'Htyun1 

cytotoxic T-Iymphocyte (CTL) lufl'j:::uffllt6'il 
""'.... • .k. d
111V'lIf)-3 Joshi et al. (2013) t.)f-.3111J11 6,,!fl1f1 poly Oactide-co-glycolide) (PLGA) "lIU1'illnflff11l1'jU 

131ff-.3 1 f)1n'IJiJu1H'uri dendritic cell un:adfllH'u'il1f1CHUU1J1J IP 

injection CDS+ CTL 

1I1flfl116Ufllfl"llU1'il1'HW• v 

IL-4 111fl splenocytes 

luifl1f1UCJSUU1 IL-4 If)1n'IJiJu 

161n'IJiJu IgG 



•.... unn 6 

« 500 run) UfI:'IIU1Y'lflfl1.:J (500 1,000 run) 

11'Ju'II U1Y'ltlUfllfl LUI d1l1 i'1.1fll':i lJlJ l1'JU ':i:1.11.1iJ1 ff" ifltiu 'VI1"" lJ fllJ 1 fl fl 'htlUfl1fl 'II U1Y'l 
q .. • 

1l1tY (l,000 - 5,000 run) 1Y'llJV'4f11fll fl1Y'lllcuU u11uvn{ihfifl'llu 1Y'llgflUflZ'IIU 1Y'lfl flH 

,,:ijfJw ijtJ':i: LrlU1.11fl ff1lJl':ifln \lU 

'" AI. 1 • "" "I III"'.J .J!!'it 1 "1'"2 '" lJfll':ilJflYlIlJfltllJlltlUfIL\lU lYllY'l'VI pH 4.5 CU.:JllJU pH U lysosome 'IItl.:JLCUflfl U':i:1.11.1fJlJrJlJflU 

'II tl,,11.:JflllJ lltlUfil \lU 

fll':i lJlJ,hi'1.1 1fl1f1 Llcuuu11 U'Vt 1{iii fi fI 1 l:fflJ lrttl1;;1tl1f11.1ii U.. 
1rI U!! tlU fi 1 \lU U U1.1 1.1 1'1 lJlJ 1lJli ionotropic gelation 1 Y'llJ 1 ;;fl11lJl,j'lJ,j'U 'IItl" ffl':i fI:: fl1lJ 

lfl1f1UCUU 3 mglmL UfI:ffY'lff1U sodium 

tripolyphosphate (TPP) 1'Yhti1.1 3:1 UfI:: 4:1 
fie. .c::\o d • QI 

'Vt1':i'VIlflfl'llU1Y'llflfl (249.67 ± 29.6 run) UfI:tlUfllfl'llU1Y'lflfl1.:J (559.33 ± 17.21 run) f11lJfl1Yl11.1• 
Q" " Q,I ...fll':i' ff'HI,! 'VIlifl1:'lUfl1':i 'I tl1.1 ffU tl.:J 'II tl.:J 1:1.1 1.1 fJlJfJ lJ fl UU 1.11.1 humoral immune 

response IgG 1utii'wfb.:JlfJU systemic immune response sIgA 
: ",':" '" ..,j 1 ..,j. .J! !'it1U1JfI U1f11a ff11flYlll1f1.:J1.1':il1WLatllJ 'VtH"1Jfl UfI:WtllJ'Ytl.:JflfltlY'l CU.:JllJU mucosal immune 

response 'II tl"1fl1 f1UCUU1J1 1 u'Vt1{ihfi fI'IIU ,rttl1 "1Jfl 'II tl"fffl1'V1Yl1f1tl.:J 'Vt 1.1 11 
" lfl1f1UCUUU11u'Vt1{ihfifln.:J 3 'IIU1Yl1 humoral immune response 

U U mh"ih1ad1tlfU 'VI 1" ffClfi ff1U fll1fl tl1.1ffU tl "'II tl " 1:: lJnuU1.1 1.1 
" cell-mediated immune response UU 1fl1 f1UCUUU 11U 'Vt 1{ihfi fI'IIU 1Y'l,gfl "fI:'11 U 1Y'l fl fI H 

"'.1 .... 1 ",.,f 2 ""J!" 1 IIIlJlJ1:ff'VIlifll'Vt Ufll1lff'ilJ'!'VIlim:VJUfJlJrJlJflUU1.11.1 cell-mediated immune response Y'llJfl'i::'lU 

IL-4 UfI:: IFN-'Y i"ll1lJ1::d1l1i'1.1Utlufil\lU . " 
intracellular pathogens ',$U 

" .
lfl1f1UCUUU11u'Vt1{ii,fifl'llU1Vl,gflUfI::'IIU1Vlflfl1.:J lrlU'IIU1Y'ltl'4fllflflll1lJ1:fflJ 

t.:Jijuu11 1ff tJ UtlU 1f1f1... 
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'" III '\' '\' ,,"".,. If ""'" Q .,.fll':itmmJ Lfl &'U'rIl':iVllflCllPl1t111i ionotropic gelation 

'U'rI11VilflCl Cl'lnh 

11J'UClU vh 1 'U 

'rI11VilflClt1J'U Ufl'U 911 'il 1 1 flHff!H'U 'il'U ffllJ1'itl 

til:: UCl:: ffllJ1':itl 1 eiu . 
v • 

.ell .a .c:t.c:tQ I Q • .:t Q,I d Q Q,I Q 

vaccine) tlCl: (live attenuated vaccine) 
.c! Q,lQ .ci ::'t JJ 0 G.I , 0, "_1 1 d' .& Q,I Got Q Q immunogenicity 'UfIl':i'Wllll "J1lJl:: tI"J1'U 

'W 1 'U'rI11iilflCll1J'Wnflll11dcu -I .. cu .. 

1116 'U 

'U'rI11VilflCl 
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1.1 Acetic acid AlllJtlllJlIU 1 % w/v pH -3.5 (I L) 

Glacial acetic acid mL 

J nil lfl1l1fl1tHHI'U 950 mL 

FHYlJ,r-:J1UJfll1f'l'lflft'U mf11H'u pH llhftU 3.5 N NaOH 

'elelel'Ull'Ufl'.n.l 1,000 mL 

2 BCA assay 

2.1 BCA reagent B 

Cupric sulfate (5X hydrated) 0.4 g 

J 11.1nfltll fl1el el ij 'U 10 mL 

2.2  BCA working reagent 

BCA reagent A (Thermo scientific, Germany) 50 mL 

BCA reagent B mL 

1 'JI 'JI '"  :JI d 1Jolt dI d '" PU'I'lJ lU'Ulfl'U IIrtltf1U 'J l'UfIlW::l'lUUiH l'lflWl1QlJ 4 °C 

3.1 Phophate buffer saline (PBS) pH 7.4 (I L) 

Disodium hydrogen phosphate 2.39 g 

Potassium dihydrogen phosphate 0.19 g 

Sodium chloride 8.00 g 

J 11.1nfftllfl' el el ij 'U 850 mL 

hi'I'lflt1'U mf1U!U pH I'JhftU 7.4 rf1fJ I N NaOH 

Jlunfftllfl '8el8'Utl'UfllU 1,000 mL 

3.2 Phophate buffer saline (PBS) pH 6.8 (l L) 

Disodium hydrogen phosphate 11.05 g 

Glacial acetic acid 953.5 ",L 

Jlunfftlltl'888'U  850 ml 
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mrlUlll pH nhfttJ 6.8 ffltJ I N NaOH 

ll,Ul1fUnflheHI1Hl'UfI'itJ 1,000 mL 

3.3 Phophate buffer saline (PBS) pH 4.5 (l L) 

Potassium dihydrogen phosphate 

11,UnfUl1fl1eH) fl'U .. 

6.8 

850 

g 

mL 

uK1ultJ pH IlhfttJ 4.5 fflU I N NaOH !!K1Ufmnll1\9l'iffl!'J 

ihunfllllfl '883'Ull'UfI'.i tJ 1,000 mL 

4 m-:i'tlVUTfltJfll11JfI.wIl'118 'fll,.uCJJuul1uvni';hAtl 

4.1  Separating gel buffer (400 mL) 

Tris Hel 18.15 g 

10% Sodium dodecyl sulfate (SOS) 4 mL 

J1Unflljl1fl '33fl'U 380 mL 

ui'tJ pH 111'ff 8.8 if1tJ I N NaOH 

ui'mn 11 1111'.i lltJJlunflll lfl '8fl8'U1l'UfI'itJ 400 mL 
d  4 

lfltJ Separating gel buffer l1fJW11fJlI 4 °e 

4.2  Stacking gel buffer (200 mL) 

Tris Hel 3 g 

lO%SOS 2 mL 

J11.Jnflvlfl '838'U 150 mL 

Ui'll pH '11'l6.8l1tJ I N NaOH 

tJi'mn 111111'.il10JltJ'.i lflVlfl '88'UV'UfI'.i tJ 200 mL 

Stacking gel buffer °e 

4.3  lOX running buffer (500 mL) 

Tris Hel 15 g 

1O%SOS 10 mL 

GJycine 72 g 

JltJnflUlfl'888'U 450 mL 

tJ1'tJ pH '11'l8.8l10 1 N NaOH 

tJ1'mn1I1111'.il10JltJ'.i lflUlfl '838'U1l'Ufl'.ill 500 mL 

http:llIi1l1li-11111~1..rI
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Q d Q 

!flU lOX running buffer °C 

4.4 Sample butTer (20 mL) 

Stacking gel buffer 12 mL 

10% SDS 4 mL 

Glycerol 3 mL 

Bromophenol blue 50 mg 

2-mercaptoethanol 
Q d 4 

IflU Sample buffer 4 °C 

mL 

.: 4 
5 m'UiUJ,:JlCUt'lt'l splenocytes 

5.1 Incomplete RPMI 1640 medium (1 L) 

RPMI 1640 medium 

L 

Sodium bicarbonate 

113'u pH ,..riM' 7.41U1:::flH)·uhu membrane 0.22 Ilm 

2 

d , _I A d 
IfllJ incomplete RPMI 1640 medium °C 

g 

5.2 10% Fetal bovine serum (100 mL) 

Inactivated Fetal Bovine serum 10 mL 

PBS pH 7.0 90 
d , _I A d 

IHlJ 10% fetal bovine serum 4 °C 

mL 

5.3 Complete RPM! 1640 medium (100 mL) 

Inactivated Fetal Bovine serum 10 mL 

Incomplete RPMI 1640 medium 89 
d ., _I J d 

1H11 complete RPMI 1640 medlUm 4 °C 

mL 

5.4 Phophate butTer saline (PBS) pH 7.4 (1 L) 

Sodium phosphate 

Potassium phosphate 

Sodium chloride 

Potassium chloride 
II • 

lhml'u 

1.44 g 

0.24 g 

8 g 

0.2 g 

L 
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U1U pH ',"1ff 7.4 !m::flH)·uhu membrane 0.22 11m 

d ,.1 A '" '" !flU PBS pH 7.4 °C 

5.5  ACK lysing buffer (l L) 

Ammonium chloride 8.3 g 

Sodium bicarbonate 1.0 g 

Disodium EDTA 0.036 g 
!II • 

'I.hmlu L 

U1U pH ,..nff7.4 lm::mfJ·uhu membrane 0.22 11m 

d  'l.1 .l '" '" !flU ACK lysing buffer !UtYfll1::ulletftl'iftl'flf!fll1fQ1l4 °C 

.,. J 
6 mnml1:::'H IgG, sIgA, IL-4 na::: IFN- 'Y 

6.1  0.1 M sodium carbonate pH 9.5 (1 L) 

Sodium hydrogen carbonate 

Disodium carbonate 

18tlU 

U1i1 pH 11f"ft' 9.5 ft'10 I N NaOH 

6.2  Phosphate buffer saline (PBS) pH 7.0 (1 L) 

Disodium hydrogen phosphate 

Potassium dihydrogen phosphate 

Sodium chloride 

Potassium chloride 

1888U 

U1U pH 1..nft' 7.0 ft'10 I N NaOH 

7.13 g 

1.59 g 

L 

11.6 g 

2 g 

80 g 

2 g 

L 

'111 phosphate buffer saline fi1ftlu autoclave ull:aXuH'fif!fll1fQlJ 4°C 

6.3 0.05% Tween 20 (1 L) 

Tween 20 0.5 mL 

PBS pH 7.0 999.5 mL 

IXiI 0.05% Tween 20 4 °C 
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1fl 'lJ 
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fl111f110,. splenocytes 
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" 'U , SI Q,t ... l 1 fl11!fl1J9'I'lfltlHtlltlU'ilZUtlfl splenocytes Brousseeau at al. (1998) 

1.1 ketamine Ntrll xylazine lJlflWh 200 mg 16 mg fiij 

(intraperitoneal injection; IP) 

'" 'j/,!II i ",!II ''1 1.2 'Mflll completed RPMI 1640 IfIlJ 
Qltfj/d C\ 

4 °C 

1.3 70 J.1m nylon sieve sterile cell suspension 1'1..1 completed RPMI 1640 

1.4 cell 1,500 rpm '1..11'1..1 10 'U1ii 4 °C 
, , , g,iI g,iI 

1.5 ACK lysing buffer 1,500 rpm '1..11'1..1 10 'Ulii 4 °C 111cH1 2 
it d.0 

splenocytes 

1.6 incompleted RPMI 1640 1,500 rpm '1..11'1..1 10 'Ulii °C 111CJi13 
'II 

cell stock 1'1..1 completed RPMI 1640 2 mL 
ddC\ QI 

1.7 ttypan blue dry method 

ft1'U1W111 % viability 

% viability = (AlB) x 100 ('U.1 ) 

.. d 11 'j/ ':', 1 '" .. 'j/ d ,lJ CJ$ % viability JJ1flfl'l1 80 % 
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1I1flNUlfl fl .. 
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kT 
r=-- (tl.l )

3nvD 

.4 , .c::t , Q,t 

k tlel tlltl.:J11'lJeH Boltzmann 1111fl'U 1.38 x 10-23 
4 t!!:I.,2I"T tlel (absolute temperature) 

v flel tl11lJ'H-Utl'lJel.:JlY1la::a10 (viscosity) 
4 t:IrrI ,::::), et t 

D tlel (diffusion coefficient) 

2ezf(Ka) 
UE ( tl.2) 3v 

z flel (zeta potential) 

UE flel Electrophoretic mobility  

e flel Dielectric constant 'lJel.:J medium  
v flel (viscosity)  

t{ka) flel Herny 'lJtHJuJ"rnnfl'8el8'U I'rhfl'U 1.5 
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D(0.9)-D(0.1) 
POI (fI.3 ) 

0(0.5) 

..;. '" !lHI POI flfl (poly dispersity index; POI) . . 
d • Q d 

0(0.9) flfl (standard deviation) 90 % .. 

0(0.1) At! (standard deviation) 10% 

. . 
4 t 4 • d 

0(0.5) flfl (standard deVIatIon) 50 % 

, .of....' q2 011f11'U1Wfll background YI p <0.05 

LX Cutoffpoint = -;- + SD 1 + (lin) (fI.4 ) 

Ad' d Q,I • ,Q.I

1118 x fiB fllll1f1 ,uno background 
.. 0 QI' 

n fiB background 

SO A8 (standard deviation) background 

!J 1 + (1In) AB (corresponding to 

confidence levels;! 
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.... 1 Q,I Ji Q,I cLA Clot::::!. 

f1l1H'n fl. I (Frey et ai., 1998) 

Standard deviation multipliers <.r) tor calculation ot cutoffs 
Number ot Confidence level 1 - £r 

Controls (n) 95.00/.. 97.5°/.. 99.0% 99.5% 99.9% 

2 7.733 15.562 38.973 77.962 389.823 
3 3.372 4.968 8.042 I 1.460 25.783 
4 2.631 3.558 5.077 6.530 1 1.420 
5 2.335 3.041 4.105 5.044 7.858 
6 2.177 2.777 3.635 4.355 6.366 
7 2.077 2.616 3-360 3.963 5.567 
8 2.010 2.508 3.180 3.712 5.076 
9 1.960 2.431 3.053 3.537 4.744 

10 1.923 2.373 2.959 3.408 4.507 
1 1 1.893 2.327 2.887 3.310 4.328 
12 1.869 2.291 2.829 3.233 4.189 
13 1.850 2.261 2.782 3.170 4.078 
14 1.833 2.236 2.743 3.1 18 3.987 
15 1.819 2.215 2.71 I 3.074 3.912 
16 1.807 2.197 2.683 3.037 3.848 
17 1.797 2.181 2.658 3.005 3.793 
18 1.787 2.168 2.637 2.978 3.746 
19 1.779 2.156 2.619 2.953 3.704 
20 1.772 2.145 2.602 2.932 3.668 
25 1.745 2.105 2.542 2.852 3.535 
30 1.727 2.079 2.503 2.802 
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3 

2.5 

2 
E c 
N 
U) 1.5 e.,... 
C 
I'G 

.Q... 1 
0... 

.Q 
c( 

0.5 

0 

y = 2.1456x + 0.2120 
Rl =0.9959 

0 0.2 0.4 0.6 0.8 1 1.2 

Cone. OVA (mgfmLt 

Illmi fl:nlim'l"HA11lJfflJ'i... lel111\!1JtI 

1t11'1'1'l1l::1I10 acetic acid A11lJ,,j'lJ-ittl 1 % w/v 

2.5 

E 2 
c  

N  
U) 1.5e.,... 
C 
I'G 

.Q... 1 
0... 

0.5  

0  

y 2.0992x + 0.2866 
R2:0.9936 

0 0.2 0.4 0.6 0.8 1 1.2 

Cone. OVA (mgfmL) 

Illmi fl';illiU lfll'l .:jUlI::A11lJl,j'lJ,j't1'l1e1.:j1e1111\j1JtI 

11.1 PBS pH 4.5 
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2.5 

E 
2 

I: 
N 
cD!!.. 1.5 
C/ u 
I: 
III 

..Q 1... 
0... 

..Q 
41( 

0.5 

0 
0 0.2 0.4 0.6 

V 2.1958x + 0.2345 
R2 0.9982 

0.8 1 1.2 

Cone. OVA (mg/ml) 

t1'.i1," II U «U"U1i,,:: 'H':h.:.lft1m"t)fl U.:.I ""::fl1111 l,flI,fu'U S.:.I1S1"\! iJu 

1u PBS pH 6.8 

3 

2.5 
E 
I: 2N 
cD 
!!.. 
" 1.5u 
I: 
II 

..Q.. 10... 
0.5 

0 
0 0.2 0.4 0.6 0.8 1 1.2 

Cone. OVA (mgfml) 

1'61ll'\!iJu 

1u PBS pH 7.4 
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1 

0.9 
_ 0.8 
E c 0.7! 0.6 
:!.I 0.5 
.! 
c 
... 0.4 
2 0.3 

0.2 
0.1 

o 
o  100 200 300 400 500 600 

Cone. Il·4 (pgfml) 

m l'tiU Hfl1flUtlft Sll'U 

IL-4 

0 500 1000 1500 2000 2500 

Cone IFN-grama (pg/mL) 

1.8 

1.6 

E 1.4 
c 

1.2 
:!. 1.0 
" ui 0.8 
.aj 0.6 
c( 0.4 

0.2 

0.0 

IFN-y  
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