WSENT

11-1543000-000245-01

St=2AF 2=(Korean bee venomS T =2 =2 &t
=4, HX|, 72 5F)e 28 ofgk 2 X =

(The development of prophylactic and therapeutic agent for
disease of industrial animals (calf, pig, poultry) using Korean
bee venom as a main component.)

!
b
=
ot
=
ol
19,
%
=
)

i
e
v
2
1>
i
dr



o

WA S BuAqE AlEdHT

A g

ammo
=
g

&
N

- Ulr

_

B’

)
N B

go
NR

G

=0

iy

Al -2 -71

e

9

I_?L
;TL

o] 2 of

4

G ZZgeH

A1 FsAdT7188

Al 2 dsdT71a9

o] T
B! 8o
Ciieny
o o
=

B B

Al 3 FdedAdT71ag



ARG Al =

A

)

R

)
=~

13
.

-
H

A A A R T)Ee] Bigo] Al

1.

R

749

]

o

A

wjn s
ﬂ. )
T
i o Njo
o T
00 ,m_vl ,I.W
:.L I=
ﬂm‘._ zﬁo NS/ ;onﬂ
= R
71”7 S
= r Cie
e ™o w2
o L B
Ro o X EE 7 R
o x oK T OF A
it = O
o = K M
< T ET o g
2 T ol TE_ N 2 ¥
iz r F O ZFEY 8 g
i B = 20w v Z
I o = M g Tm R o o
i mhkerrEd BanESen <
§ 5 kHTELT Tailiws apm
= " o gk TMe o o e QB o <
oK MoHaﬁﬁmwmﬂm RS MY F R
"o PEaEx mETEgT wE T
o PRS2 mErgaXwe TAm
1 o ; oY &’ ] ol o) XS
M_, JWWﬂE% mﬂmﬂxzm_wﬂr% ﬁ_;uﬂm,ho
o Sk oﬂmﬂ MR o ﬂuaﬂﬂ ™ ° ol o
(ol fie XXM 2 mess® o B9 o
o T o K o E oo e o «{] i)
NI S T Wodododo o Sy W >
o B R m Mg X X - % R
X o BTP o Zx Fooe o gm Mg ¥
T T LTXTETXT g BPRPER Tk
W L LT R e X g Mhoum T ome W o
ﬂ;ur = :w%%ﬂ%ﬂ %%%%%EH M%ﬂ%
o r . . . . . ! . . . .
T o mﬁ B N ST W R H N 5T R T OF RN T T W
| L N ™
=



4. B=°] spray AANEH vpo]ARPESE S5 ALY AANE
b BEAY AZRE A AzSAH g2 gy 54
U, BE spray A8 AT
th &% spray AP MA Bt
gt o5 ¥ AN A A5 9 Frt
5. &5 /IS5 AEARE 9 oAYA L] AEs)
7h w57 N
. AFES] 71IAE g4
oh AJA|E A 2
2t A
V. A7 Ed 7
L 55 7154984 Wddy a4
7h Bme] AEE HgstE AP &% v
— w2l 5SS I, &, Heke] WAow ALst Ay FAJROR FAEHS
Foldt A$-, CD4/CD8 AME ul&9 ZF7iet Fgolaxd @A #94 U
S7HE #el g 4 St
- wkg2e] FES AN Hah, 2§ Fol Fo s BASA ddsS
skl skt
. gollA BEAgAe] Wel gty
— S Axgo] Aoz HELIRS w thxwtel BlE] wFelA CD47:CD8T T
A & F92Q1 F7F IL-18% IFN-—7y 9 Au#d ddaAEs F7t
gholazbql el gA4o] oA ow Frhehe gl & ¢ STk
th S Aol FEAEAL Wday 7y
- B5E olfAES FEo] FHeh wEHo| FANE oA dixte] wlE  AF
Z7t, g o)z @A Z7F CD4T/CD8' ratio® 7} % IFN—gamma
level?] 7tell #14< a3= #letsls.
- OlFAEdA WATH ade BE 13 FAF A HuU 7d7A 1 &yt
A &= Sl
gt FolA oA FEAEAY] WAy 7
- wES ForA HIt HETAE Uzl ulE dF ol &4 Tt
IL-12 % IFN-gamma level® <7k §94< @37 A3,
- Fokxe WAFA ade AA TE 13 FAF Al Ho 129704 2 a3t
A&5H A5
af, S]] Y FEAEAL] HYad i
- AW 25 udR B9 HELS izl Hld]l CD4T/CD8’ ratiod T #



[FN—gamma level® <7}, IL—12 level®d <7}, IL—4 leveld

7} A %5

"

o A% At} TARAR 1

=
__ﬁ
ol

—

_o]

5] o]

I &y A

144714

#

o
3%

o
el

A
o

33k #3lom

1

<

#=50]

F, welx)

st

)

o

o o
o A
o

a

o_a -

H o

ojr

iy

fite)
o
I
éa

Hl& 9 24l F7F IL-183 IFN— 7y ¢

v
e Y

— v &4 CD4":CD8" T A

ojn
B
fiie)
ol
o
ol

(i3
=

ox Z7t

7}, el zAbele] Aol #94

=
]

SRl

3

al
=

3
C-3
=
rk
N
=
No &
7U O_E
o R
__ﬁ PAI
M 3R
_ﬁA ﬂU
K o
™
T
=
3R A7
O gl
—~
o
o
n ok
~
,A:._ B
W

A
o AAF AL A

ek shH o] Al (
o ¥

52 ol g
o

=)

ol
3R

—

0

-

B

o]
o

=y i
o <]
I Gy
X o
c
=K
s &
H_O
T K
O
N A
— O
m a8
Foooe
o
y 2
_ wh
2 _
=
& i
] M
Gy =y
o
T ow
X0 -
ng _
O
~d o
o N
X ()
W ¥
7o) ~
oo ofF
o o
ol ojy
W N
o T o
o |

of vl #F whelixaede] Y F7F CD4AT/CDS”

oz

’

o
ratio®] 57} Y IFN—gamma % IL—128 level® <7} +9 &l ayr}

ojn

—_
fite)

No

T
Mo

o] o
%A=

]

o

H]

B

B

il

Hlo] 2] A4 (ZEpafol 2] 2,

FARnpol Y ) AL A

AR ERHO ]
AM el

H] s

<7kt

IL-12 leveld

]
=

I[FN—gamma

o_m
3R

0

— thxtell Ml

ojy

i
fi%e)

o

XX

N
Mo

T

B

ol

A%

714

o1

oE
53
=y

0

2



AP RS 74 9 [FN—gamma leveld <7} IL—12 level® =7}, IL—4 level?
A, B g 1A AU Ardets A fo4 adrt 9le.
AT Folpe] nuwste] AME BE Fojreld FWYel o EnHow
BHAE 2 AU

3. FERAES =Ystety A o 9@ AR BE Uy

2

SDS—PAGE, 2x+9 #7]9%, isoelectric focusing #+41¥& F3slo] AxE =3

A4 9] protein profile H] W 3dt <.

T B%5 @A s 43 hyaluronidase, phospholipase gl

HEE Ar|gdeHoRr EAY Ae, T AolE HolA o+,
=]

47 3R Aw BB ANGBUEL olgdte] BEgw
=
[}

x>
\\)
g
=
o
2
=
=)
To
o
ol

o HE
S
o
X

to

A o
AEs 5ol dds ESI-LC-MS/MSE o] &3to] dFiAnow w43 A3t
serine carboxylpeptidase, venom dipeptidyl peptidase 4
carboxylesterase—6, venom serine protease 34+ AEEZoq EA 5=
gudolglon, o Sef og BEo SRl BATS AAsh 9.

ol sfdstr] Hall v Alel sk o] el A WY
vEA s g JeTaAs 289 $50 sy

b4
1

SDS—PAGE, 2a¢ #H7|9-s, isoelectric focusing, RP—HPLC, SEC—-HPLC,
Gy FERS JiEsisieH, A2¥E, A3PEHAL] ATHY T WA
A o] =23} Aol oist JHA Y,

ksl
]
o] 9] s o FAAAYTE A& 0 FURY L.

4. 559 spray AANL violARNE3E S MY AANE
5 g

7}

A AxE A AP e FPA
1

WalEe] A ) TdF=F (40~50%) wkol TFHFTAA Ao er A EH(0.1N
HCD oAM= A9l Hl=3t o] dojFoy 9714 ZA(0.1N NaOH) o4 +=
93%o) 4 Azt zto] RS, HyEHS A gaoA oH. GU|AlA =
oM. BE2 50, 70, 100% oEZol+= E8AoIth iR H7tAEA



o},

w5 W dee e W= AL gtk 1w B5 8§92 343 filteringol
s 9ae wkx o=t} 4T, G ZACAM 28U A= BE ) dae e
WHs7b gl 4C, 2 2ol 28Y olF &5 ol ded e fHAshr] AlE
&5 spray AlY AT

EE AYS %5 vE 10 mg/mlEs HxE 47019 A¥ (Formular 1,2,3,4)%
Al x5 &

Formular 12 33##Q1 HPMCE F 7IA|Z 3sto] Azx3st3l5.

Formular 2+ 393 ¥ 592 AZAZ AFE3Fe] A Z3H3 2.

Formular 3 Formular 13 25 H&3slo] A x5 5.

Formular 4+ sucrose® 1L 2 AFE3Fo] A X230 =

&= spray A9l /HEA B7L
WkiﬂﬂA»”ﬂAwhzog,p;2$,@;8z shgith,

WelE g A 299 /17 B 24 APEY AW G A Anh e
g4 2 AY Mf«%%% A9 gAY pHE AR pH 6olske] Argow
45 9w,

&4 9 AY B &

Age] Awe 7] Wsrt itk F 2~4

oo

Fshol o,

el
QF S5ppm ®|Flo 7 A
A

H| A& Al O}

Sud AP B AP a5 slvke Aoz ddy.

nAAE S A AT AE (YR oA = A8 717 T o= FAEZHA
ME YHkAREe] Fgo] A A okth A g A1 FD) elA = AlE 7t F
o= FHEHHANNAE e FHo] HaEA gtk 54 vdE A (5§
gat, ARdel, ST T A= AlY 7 F oo FEZFHA AR
SAnAAES] Ao WHEA 4k

SDS—PAGEZ o]&3F 2% 1 2gl€l ¥ phospholipase A2: A8 7]|7F EF Z+7to)
AGelx =2 7FE @ 9

S %}A]3}= phospholipase A 29} melittine 2+
Aol A FHrsfaL g
Aeel &5 AlY: Formular 1 293 A& Ads HoFth.  o]R&
HPMCell 93t A x| myz ddd.
e B5o] &EHE Zlo] #EHUT. AP ARl Fob wE Al
SZ° ot Ayt A,
MTT testE ©]&3 AlxZ =4 A3 F50] Z3EH] 94> LA A REe]
AEEGE AHREE F 2 Alge] & APdE o AEsido] Aria dds,
a5 dd ALY A AT
Sucrose® AHE-SH YA} AFE-SEA] 942 JAET FYEC] 2w HoTL
Sucrose°] &3 B3]E A5 &= sucrose’t YA AZ 4 F<2¢ membrane
bilayer? 3= ¥= membrane protecting &= 2zt7] wjFof wrAsitty FekE
Sucrose= AFE3E A= 90% o) A+9] yieldgtsS 7R th.
AF7HA] AP APdS dAFoE B & o 2 yield #4& 7Hvha ddg.

_6_



— VC 13 VC 2 H]3=3t drug loading #< 7F& ).

— °o]Z& VC 1°] BYEE AR yielddt®= FobA drug loadings AAtsts &2l
AR, A B AN e Ay e

— o] HAst¥E PLGA YA AU Hujojx] TEAP] o] 3~45F = &
=0 5= WEd v B Elslth

5. 5% IS A AR 2 A ] AEs)

- dAY T= AY FAE ALt B5s diF AAsilow o2 HE AjEA
e = Adss 29 46t FYsia.

— 719 MEE FEe FAEQ melittintE ARE Sto] AlFd AT @A
Ae B 584 2AN ASABAL ARG BHE BEGEAED S
Azsto] o] AREFE 53 29 WV|es TN 28 s
ovl, BEo Juol o BARNE FAFAE

— 53], VS AREHA EUd B=9] v o o g HE &4 Ed=
11(Z) —eicosen—1—ol, dinonyl phthalate, Chrysin ¥ Pinocembrin 5% %
= FA%t] fEetsls. 1 gl BE a4l 94 SHS T 5 e
4 ARE 99 e A

79 WYl WS AA BWEe s AFS Az slsk] Al
FE o AAFES AEste] AR A A o AES Vb Wy =
A el AAT 2 Ae) Se) AEESE H98.

— g olelel AA ClEA) W & (ohnga) e i AR FRAAL.

— 1 wgte] &, #HA T WASHAAEA PLGAZY AA dist AlEFs5S {1
719 AR IR 5)e AA B vlge] wAE Row 24 Hol o2
HEg 738 @ s UYs 2N F9.

V. a7 4 A3E8 A
A 1PEHA] AR 55 FEEwAe] HHAE SAIH(EEWE 10-2013-
0095787) & &4+,
—Al 28FHALY AT AR TES R AR A g 9@ ool Az
o

o e 592

Zd(Z99H3: 10-2013-0097353) 3+

w2012 FAoFeE (A1)

gl F=A|oFsks] (M=) oA “Preparation and characterization of melittin—loaded gelatin
by
Characterization of bee venom Loaded Microparticles by Precipitation” 2h= A5 2]
ATARE WHEIGS. T O AP AFARE 2013d FAFES (R olA
Preparation and characterization of bee—venom—loaded PLGA nano/Microparticle2}

nanoparticles microspheres made nanoprecipitation” ¥} “Preparation and

T AEY] AFAAE FEEAS.
—A 3FF AL AT AE vRORE 53 T5 e AEE FA8S RSt ol
TEs afdoer Ay T SEF ske aEARUIE SIEd(Edds
10—2012-0066198) % S=(KP10-1240291)3F o, WS} BExAE W 4%



$(10-2010-0130671), SA& 3 W7]s0] e F5244=(10-2012-0069221), =
A%, AFAR W BEFAEE FAREI o)F o] §3 HAT Folg 2HE W I AEY
(F9H=: 10-2012-0065718) ] thet 5355 =dsiglal, 2011d of=dE el 713 =
AA 5l E] oA Pulsed electric field (PEF) —treated bee venom has different activities
both in vitro and vivo®} Comparison the protein decomposition of honeybee venom in
different collecting methods A|&S.% 3&ra HFESH
A 1AE A9 AT E Journal of Veterinary Medical Science A2 (SCIH) el =
S ¥E5YS (=% AE: Immunoprophylactic Effects of Administering Honeybee
(Apis melifera) Venom Spray against Salmonella Gallinarum in Broiler Chicks.)
Al SClw =% 189S Fi1 F(=wA%:. Immunomodulatory effect of honeybee
(Apis melifera) venom on pig immune systems and its antiviral activity against
porcine reproductive and respiratory syndrome virus)oll °ow 71 9 2HL FH &
] 0101 i 43:]3] SCIF *=Fo] dxs oq]z%cﬂ
2013 9€¢ 25¢%H 9€ 28U7A diFolA JMH == FA|FAEE 2
ATelA FRlE 59 S5 FAETtl TRICEMN AFEZAC wE WERE oo
= 7

FUEE FH] Foln FAo B w3 s T FAMAAC Ui 48, FE ARAE 5
of gt ARE FAH R Kt viAY A ¢ 8535
20 2]

139 94 264FE 108 447HA] %= E‘rol‘Jr 7]l 2l 1 NAE = AAES S ol 2



SUMMARY
I. Title

The development of prophylactic and therapeutic agent for disease of industrial

animals (calf, pig, poultry) using Korean bee venom as a main component.

II. Objectives and Requirement of Research and Development

— Recently, economic losses in industrial animal has been raised because of the
increase of infectious disease incidence rate. Also, Korean government has been
banned of using antibacterial agent to industrial animal from 2012. Therefore,
development of prophylactic and therapeutic agent is needed which can
substitute antibacterial agent and also, eco—friendly.

— Bee venom has already been demonstrated as prophylactic and therapeutic
agent. Thus, development of immune—enhancing and therapeutic agent 1is
needed using bee venom source, which can be applied to industrial animals
such as chick, pig, calf.

— For the development of prophylactic and therapeutic agent in industrial animal,
analysis of bee venom on Immune enhancing effect and antimicrobial and

antiviral effect using animal model is needed.

IT. Research coverage and scopes
1. Analysis of Korean honey bee venom on immune enhancing effect as a

industrial animal therapeutic agent

A. Comparison of Korean honey bee venom components on immune activation
(the prophylatic effects in mouse model)

B. Analysis of prophylactic and production stimulating effect of honey bee
venom on chicks

C. Analysis of prophylactic effect of Korean honey bee venom on pigs

D. Analysis of prophylactic effect of Korean honey bee venom on calves

E. Analysis of prophylactic effect of PLGA coated Korean honey bee venom on

pigs

2. Analysis of Korean honey bee venom on antimicrobial and antiviral effect as a
industrial animal therapeutic agent
A. Analysis of the antimicrobial effects of Korean honey bee venom against
chick Salmonellosis
B. Analysis of the antimicrobial effects of Korean honey bee venom against pig
Salmonellosis

C. Analysis of the antiviral effects of Korean honey bee venom against PMWS



related PCV—2 and PRRS virus

D. Analysis of the antimicrobial and antiviral effects of Korean honey bee
venom against PCV—2 and PRRS viral disease

E. Analysis of the antimicrobial effects of PLGA coated Korean honey bee

venom against pig Salmonellosis

3. Stabilization and standardization of honey bee venom protein

1. Physicochemical characterization of honey bee venom protein
Development of storage method for standard compound in honey bee venom
Stability test

Protein analysis supporting for co—workers

Conclusion and discussions

4. Development of spray formulation of bee venom and sustained formulation of
bee venom through microencapsulation
1. Stability study of bee venom according to the fabrication environment of bee
venom formulation
2. Studies on the spray formulation of bee venom
3. Stability test of spray formulation of bee venom
4. Studies on preparation and evaluation of the bee venom—loaded sustained

particles

5. Process of Korean Bee Venom for Mass production and Quality Control for the
Standardization of manufactures
1. Mass production of Korean honey bee venom
2. Separation, Purification and Processing of Korean honey bee venom
3. Standard methods of examination on Korean honey bee venom
4

. Formulation of Korean honey bee venom for Spray

IV. Results of Research and Development
1. Analysis of Korean honey bee venom on immune enhancing effect as a
industrial animal therapeutic agent

A. Comparison of Korean honey bee venom components on immune activation
(the prophylatic effects in mouse model)

— Korean bee venom was administrated to mouse as subcuteanous (SC),
imtramuscular (IM) or ocular way, respectively, and ocular group showed
that CD47/CD8" ratio and lysozyme activity were significantly increased
compared to those of control group.

— Liver toxic effect was not observed in SC, IM and ocular group.
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B. Analysis of prophylactic and production stimulating effect of Korean honey
bee venom on chicks

— Korean honey bee venom was administrated using spray method to chicks
and significant increased was observed in CD4"/CD8" ratio, relative mRNA
expression level of IL—18 and IFN— y and lysozyme activity.

C. Analysis of prophylactic effect of honey bee venom on pigs
— Korean honey bee venom was administrated as snout and tail base route in
pig and significant increase was observed in body weight, CD4"/CD8" ratio,

relative mRNA expression level of IFN— 7 and lysozyme activity.

D. Analysis of prophylactic effect of Korean honey bee venom on calves
— Korean honey bee venom was administrated as subcuteanous way to neck
region iIin calves. Significant increase was observed in relative mRNA

expression level of IFN— 7y and lysozyme activity.

E. Analysis of prophylactic effect of PLGA coated Korean honey bee venom
on pigs

— PLGA coated Korean honey bee venom and non—PLGA coated Korean
honey bee venom were injected to tail base region, which is the optimal
injection route for bee venom as revealed in former study, in pig for the
demonstration of immune boosting effect.

— Significant increase was observed in CD4'/CD8" ratio and relative mRNA
expression level of IL—12 and IFN— 7y, and also, relative mRNA level of
IL—4 was markedly decrease in bee venom injection group.

— These immune enhancing effect prolonged until 14 days after injection of
PLGA Korean honey bee venom in pigs. While, immune enhancing effect

persisted only 7 days in non—PLGA Korean honey bee venom group.

2. Analysis of Korean honey bee venom on antimicrobial and antiviral effect as a

industrial animal therapeutic agent

A. Analysis of the antimicrobial effects of honey bee venom against chick
Salmonellosis

— Korean bee venom was administrated using spray method to broiler chicks
and then Sa/monella Gallinarum was infected via oral route. After the
infection, a variety of immunological and antimicrobial status was evaluated.
Significant increase was observed in body weight, CD4"/CD8" ratio, relative
mRNA expression level of IL—18 and IFN— 7 and lysozyme activity.

— Also, mortality rate, clinical symptoms and bacterial counts in liver, spleen
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and bursa were also markedly decreased in bee venom spray group.

B. Analysis of the antimicrobial effects of honey bee venom against pig
Salmonellosis

— Korean honey bee venom was injected to pig and then Sal/monella
Typhimurim was infected via oral route. After the infection, a variety of
immunological and antimicrobial status was evaluated.

— Significant increase was observed in relative mRNA expression level of
IFEN— y. Also, severity of diarrhea and bacterial counts in feces, ileum and

mesenteric lymph node were also markedly decreased in bee venom group.

C. Analysis of the antiviral effects of honey bee venom against porcine
postweaning multisystem wasting syndrome (PMWS) related porcine
circovirus type 2(PCV—2) and porcine reproductive and respiratory (PRRS)
virus

— Korean honey bee venom was administrated as three separate way, snout,
neck, and tail base route to pig, and then PMWS related PCV—-2 and PRRS
virus were infected via respiratory route.

— Significant increase was observed in body weight, CD4"/CD8" ratio, relative
mRNA expression level of IL—-14 and IFN—7 and lysozyme activity in
snout group and tail base group.

— The PRRSV and PCVZ viral titer were also highly reduced in lung, bronchial
lymph node, thymus and tonsil.

— Therefore, snout and tail base route is the best way to injection of Korean
honey bee venom in pigs for the acquirement of immune enhancing effect

and anti—viral effect.

D. Analysis of the antimicrobial and antiviral effects of Koran honey bee venom
against bacterial pathogen (Enterohemolytic Escherichia coli and Salmonella
Typhimurium) and viral pathogen (bovine rota virus and bovine corona virus)
in calves

— Korean honey bee venom was administrated as subcuteanous way to neck
region in calves, and then bacterial pathogen (Enterohemolytic Escherichia
coli and Salmonella Typhimurium) and viral pathogen (bovine rota virus and
bovine corona virus) were infected via oral route.

— Significant increase was observed in IL—12 and IFN-—y. Also, severity of
diarrhea and bacterial counts and viral titer in feces were also markedly

decreased in bee venom group.

E. Analysis of the antimicrobial effects of PLGA coated bee venom against pig

_12_



Salmonellosis

PLGA coated Korean honey bee venom and non—PLGA coated Korean
honey bee venom were injected to tail base region, which is the optimal
injection route for bee venom as revealed in former study, and then
Salmonella Typhimurim was infected via oral route.

Significant increase was observed in CD4"/CD8" ratio and relative mRNA
expression level of IL—12 and IFN— 7, and also, relative mRNA level of
IL—4 was markedly decrease in bee venom injection group.

Also, severity of diarrhea, bacterial counts in feces and Salmonella target
organ, such as liver, spleen and cecum were also markedly decreased in
PLGA coated Korean honey bee venom group. While, non—PLGA bee
venom group only showed partial immnue enhancing effect and
anti—microbial effect compared to PLGA coated bee venom group.
Therefore, PLGA coated bee venom might more better candidate for the

therapeutic agent for the anti—Salmonellosis and other microbial diseases.

3. Stabilization and standardization of Korean honey bee venom protein

A. Physicochemical characterization of bee venom protein

Physico—chemical properties of bee venom proteins have been characterized
in order to minimize the inactivation and loss of functional molecules in bee

venom during the preparation and purification.

The 3 different types of electrophoretic methods, SDS—PAGE, isoelectric
focusing and 2-—dimensional electrophoresis, had been performed and
optimized to compare the protein profiles between naive and dried bee

venom.

The levels of major proteins of bee venom, hyaluronidase, phospholipase A2

and melittin, have not been significantly changed during dry and purification

process.

Total 114 protein spot have been analyzed by LC—MS/MS, which identified
102 proteins successfully.

The function of naive bee venom-—specific protein have been searched,
which could lead us to develope novel preparation and purification methods
for extended stability. The data have shown that several kinds of protease,
serine carboxylpeptidase, venom dipeptidyl peptidase 4, carboxylesterase—6,
and venom serine protease 34, were found exclusively in naive bee venom,
which implied those protease could digest and/or inactivate the bee venom

proteins during the preparation and purification process.

B. Development of storage method for standard compound in bee venom

To setup the method for wvalidation of standard compound, SDS—PAGE,
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RP—-HPLC, and SEC—HPLC (Size Exclusion chromatography HPLC) were
carried out. The inhibition method for protein degradation using
nano—structural molecules have been devised, which worked at model
system composed of trypsin and bovine serum albumin. However, it did not
successfully inhibit the proteolysis of bee venom protein.

— The incubation of naive bee venom in neutral pH leaded to change slightly
the protein profile on SDS—PAGE, which might be caused by some
proteases. We have proposed the improved methods for preparation and
purification process of bee venom, carried out at slightly acidic pH to block

protease activity.

C. Stability test

— The stability tests for 4 different formulations of bee venom product have
been performed on the basis of ‘Guideline for stability test of veterinary
pharmaceuticals (Animal and Plant Quarantine Agency, Notification No.
2008—15)" to supply the scientific data for establishment of the term of
validity.

— RP-HPLC has been run to analyze the melittin contents of sample for
long—term test, accelerated test and stress test. The data showed
formulation #2 maintained prolonged stability, but formulation #1 elicited

poorer stability.

D. Protein analysis supporting for co—workers
— We have also supported our co—workers of Wissen Co. and Chungnam Univ.
to analyze physico—chemical properties of bee venom protein and consulted

about method of protein analysis and validation during research period.

. Development of spray formulation of bee venom and sustained formulation of
bee venom through microencapsulation

Stability study of bee venom according to the fabrication environment of bee
venom formulation: To figure out the stability of bee venom according to the
fabrication condition of bee venom formulation, the effect of organic solvent,
sonication and pH was examined. Also, the effects of heat and light were
observed.

Studies on the spray formulation of bee venom: Four kinds of formulation was
prepared according to the pharamceutical excipients. Formular 1 showed the
sustained release profile of melittin.

Stability test of spray formulation of bee venom: Stability test was processed
for 8 weeks. The melittin amount was maintained. pH of the solvent of bee

venom was maintained below 6.0. The limit test of lead, arsen was satisfied
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under 5 ppm. The heavy metal test was satisfied. Also, The limit of bacterial
test was satisfied.

— Studies on preparation and evaluation of the bee venom-—loaded sustained
particles: The size of PLGA particles employing sonication method was about
500 nm. But the size of PLGA particles employing homogenization method was
about 2 um. Zeta—potentials of PLGA particles were negative value. FT—IR
results detected that bee venom was completely encapsulated in PLGA by
disappearing amine and amide peaks. In addition, bee venom in PLGA particles
was not disintegrated and intact by SDS—PAGE analysis. The release of bee
venom showed a sustained profile during 1 month through in vitro release
study. These bee venom-—loaded PLGA particles could resolve patient

inconvenience with the remarkable advantage of reduced number of injections.

5. Process of Korean Bee Venom for Mass production and Quality Control for the
Standardization of manufactures

— Wissen newly manufactured all—in—one device for collecting bee venom (BV),
and separation, identification, and characterization of the active ingredients
from the fresh natural bee venom were carried out by way of producing bee
venom in bulk.

— In contrast to the existing products containing BV ingredients which have been
commercialized on the basis of mellitin content as a sole index compound, the
specialized form of BV containing water & lipid—soluble ingredients has been
manufactured, and the BV fraction reinforcing immune function has been
selected and its quantitative analytical methods have also been manifested and
established.

— Particularly, the lipid—soluble ingredients such as 11(Z)—eicosen—1—ol, Chrysin,
and Pinocembrin were isolated from the non—protein BV fraction which has
never been studied, and their chemical structures were identified. Also, the
standard analytical methods for determining biological activities of BV by
assaying the enzyme activities such as HAase (hyaluronidase), PLA2
(Phospholiphase A2) etc. were established.

— The powder—prototype with enhancing immune activities has been manufactured
and its clinical protocol is going to be submitted to NVRQS (National Veterinary
Research and Quarantine Service). For commercialization, it was registered as
the trade mark "Api Chicks “, immuno—potentiator for poultry.

— Besides this, the trade marks, ‘Api Dons’ for pigs, ‘Api Woos’ for oxen,
were applied for registration. In addition, the trade mark registration of
PLGA—coating immuno—potentiator for oxen and pigs requires more other tests
which are expected to cost—consuming procedure, thus we are considering

about the possibilities for separate research activities.
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V. Application of Developed Techniques

Two patent, Enhancement of stability in bee venom protein(patent number:
10—-2013-0095787)" and ‘Immnue enhancing effect of bee venom product and
its production method (patent number: 10—2012—-0065718)" , were applied on
the basis of experimental results of 1°' cooperation project.

The patent of ‘Bee venom containing biodegradable polymer and its production
method (patent number: 10—-2013-0097353)" was applied on the basis of
experimental results of 2" cooperation project.

The paper of ‘Immunoprophylactic Effects of Administering Honeybee (Apis
melifera) Venom Spray against Salmonella Gallinarum in Broiler Chicks.” was
published in Journal of Veterinary Medical Science (SCI journal) on the basis
of experimental results of 1°" particular project.

Now, we are submitting the one paper, ‘Immunomodulatory effect of honeybee
(Apis melifera) venom on pig immune systems and its antiviral activity against
porcine reproductive and respiratory syndrome virus' , and preparing the
submission about the 2 articles.

We are registering a new product about immune and antimicrobial ability
enhancer in chicks (product name: Apichicks) on the basis of experimental
results of immune enhancing effect and therapeutic effect in chicks through the
bee venom spray method.

Also, we confirmed that the prolonged effect of PLGA coated bee venom in
pigs, and plan to develop the innovative product on the basis of experimental
results.

We' re going to attend to ‘Korea International Livestock Expo 2013  in Daegu,
Korea on 25, Sep ~ 28, Sep and promote the efficacy of bee venom on the
basis of present experimental results. Also, we plan to collect the information
about the market scales, product list, and competitive product in this Expo, and
then establish the marketing strategy concretely.

We plan to participate the ‘Apimondia International Apicultural Congress’ in

Kiev, Ukraine and present about our research results.

_16_
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— Group 1 (Control): €A% A<t
— Group 2 (LWBV+i): 485 (5*4]& 1:0.25) + Hyaluronidase inhibitor

2) FAB=Y Foq &, 4=, % 4 3+

- FAEEY Fo F% : 2.1mg/ml
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(3) <A H7}
OV in vivo Y54 ZAA} (Liver function test)
7t F7F S F SUHAE vy 2o

— Glutamic—oxaloacetic transaminase (GOT; AST), Glutamic pyruvic
transaminase (GPT; ALT), Alkaline phosphatase (ALP), Lactate
dehydrogenase (LDH), Gamma—glutamyl transpeptidase (GGT)
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— Glutamic—oxaloacetic transaminase (GOT; AST), Glutamic pyruvic transaminase
(GPT; ALT), Alkaline phosphatase (ALP), Lactate dehydrogenase (LDH),
Gamma—glutamyl! transpeptidase (GGT)
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Hl&o] F7Fshes Ao ® Hof ofzte] dFA Whgo] gl Zow Almdth
o vk AoA FREFY 25 HJF (FADH BE A W d9Es FUt
(1) w32
b 6% 4FH ICR w2 12v7}E]
(h) i 12nkEE 9 doE 67E TAE 2T E Ul
— Group 1 (Control): €A 4=
— Group 2 (LWBV+i): X485 (5A|H]& 1:0.25) + Hyaluronidase inhibitor
(2) A=Y Fo 5, B2, §F 4 35
b FAEF] 7o F5 2.1mg/ml
() FAEF Fo| AR Z5AHE
(th) FA559 Fo €% 100ul/each mouse (F 20ul/mouse)
(@H FAEHY Fof 34 3d HAo®E F 23] HA
(Mh) 2T FATSe ALst SARE AT sdsA FHF8AT
Mh HFE FAEE I5HEF Y Fol S AAste] A B 9 WY a5
7 a3t

(3) k4 Bt
b in vivo 7¥54 AAF (Liver function test)
O 54 F7F 52 F 57 E o539 2
— Glutamic—oxaloacetic transaminase (GOT; AST), Glutamic
(GPT; ALT), Alkaline phosphatase (ALP),
Gamma-—glutamyl! transpeptidase (GGT)

pyruvic transaminase
Lactate dehydrogenase (LDH),

Fig 1.13°|4] H%o] zrt=Aol ) 7HAE w3 A 343 Z7tetes 1tashs59 A57)
2739 FAEE 25 JEFA F-94Q 2ol 5 wolx| okttt weta] £A] BE 23]
28 HAEL 5SS dog)A g=rta dHA)
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Fig 1.13. FA%%5 25 HAF " ax A

@) w2l FARE FHPEF) Al EEY

b FABE

FARE DK AF ol F ohes WA F
) S
=

A, CD4"™ T AXE, CD8" T AxZY HE&
Fol4 el 2ol 7t glas Ikt
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Cell proliferation ac tivity
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Fig 1.15 X85 2§ AF wE v¢2 =27+ 5

N
ofX

(T B A=kl B FEC 3o FAEE THHF| v %

FAEE SEHFT T vl APolETRRIS Al W JrE HUlstr| &l 1L—-4,
[FN—gamma, TNF—alphas Real—time PCRS ©o]&3lo] =439t 1 Ay oz
FABE EF AT vheA FolA e BAA Fo4 2ol e FIsSITh

M Control OLTWWBV+]

[

Rehtive cytokine expressionkeyel

L4 IFN-gamma TNF-alpha

Fig 1.16. X585 53T oE vf929 AdEQl Aol EF]] oy AL,

FAEE ITHFHTOIFT vheA] glolaxy] @Al vA= FFS dotrR7] fdl, &
AToM = FATE SHHFT o] F vk dHoA golaatdle EdS SHSNT
S48t W2 Kreukniet et al. (1995) ¢ WHS wstth, 7 243 dz2dy FA55
oF AT vheA TolA e A 794 Aolvt fles %”Cd’é}‘/’f'\‘:}.
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Table 1.1. AES Fo A2 Fo £ 2R S st 4 Holgl g +&£:

Group Fo A7 | BEo 5 R MA 5
Control 5 (4) Fol 17
OL2 ot A5 %= (0.42mg/ml) 2 8
OM?2 Aok <=3 %E (2.10mg/ml) 2 7
OH2 7 ok 5% (8.40mg/ml) 2 7
OL4 EEL A% (0.42mg/ml) 4 7
OM4 A<t %% (2.10mg/ml) 4 7
OH4 et 1E5%E (8.40mg/ml) 4 6
SL2 3] &} &% (0.42mg/ml) 2 7
SM2 3] 3} %% (2.10mg/ml) 2 7
SH2 3 5 1F% (8.40mg/ml) 2 7
SL4 ¥ &} A% (0.42mg/ml) 4 7
SM4 3] 3} %% (2.10mg/ml) 4 7
SH4 3] 5} 11-5% (8.40mg/ml) 4 7
mp AF

Nn

IAA &2 54

=

A, 2T

7 AFA]
Fojd BEM FoA A AFol FUIE

4

A
(LT 841 + 7lg)o HlE E= A,
E3] OM4 (Hoks &3t T5E 43 Fod-: 1114 = 80g) et OH4 (Hks: F3t
TFEL 43 Tl 1117 £ 113g) ol FH AFo] 714 @o] F7ksksdtt.

1400

1200 . . i i * * * * "

Mean body weight of chicks (gram)

Control OL2 OM2 OM2 OL4 OM4 OH4 SL2 SM2 SH2 SL4 SM4 SH4
(n=18) (n=8) (n=7) m=T7) n=7) m=7) (n=6) n=7) (n=7) n=7) m=7) m=7) m=7)

Fig 1.18. AAl5= Foo] W& SAQ A3,

(1) BI5FA

B Fojo E SA WY (WA FAE F4 Ay, xS (FFEAIT 0.968
1£0.115g) e w3} HS Fdt 43 FATFENA w5 JEFHOE FUlseE AHEEES
BHoFgot E3], OH4v (Here E3 1% 43 Fol&: 1.268 + 0.228g) A

foHoE 37

-~

ol
o
4%
5
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@5 @5 @5 @5 @5 @5 @35 @5 @5 @5 @5 @3 @5

Fig 1.19. AAE= Foo] m& SA9 v 7.

(AP v]% "FZF9] o}AE H]|E (Splenocyte subpopulation)

B AZet T MAEZ vgols ¥ & Wert §ldth CD4™ T A=Z2 Bl&e 3
iz (6.80 = 2.98 %)l w3 Heks B3 43 FoALE TFoA FUlske A
Hom, 53 OM4 (19.08 + 4.00%)2 CD4" T AE nlgo] 714 & 75 B
Wak ofyzl, CD8™ T AXEY Hl& =3 djxe (54.83 £ 11.10 %)l #Blsl OM4
(41.41 + 4.19%) 9] wl&o] AA3] ZoE& RS FAT & Utk wrebs CD4'/CD8”
Ao B &S B4t B g (0.13 = 0.08) 9] Hl&l OM4T (0.47 = 0.14) A
V2 F7HE Eelth

o 2

;94 QO{‘
)

Splenocytes subpopulation

(-]

Bu-1+ lymphocytes (%)
- [ 5] (5]
(-] th
—
—p

1]

=]

Control  OL2 oM2 OM2 OL4 OMI4 OH4 SL2 SM2 SH2 SL4 SM4 SH4
(=5) (n=5) (n=5) (n=5) (n=5) (n=5) (n=5) (m=5) (n=5) (n=5) (n=5) (n=5) (n=5)
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CD4+ lymphocytes (%)

ocytes (%)

=
=
=
i)

: CDB+

=

Splenocytes subpopulation

Control oLz OMNI2 OM2 OL4 OMI4 OH4 512 ShZ SH2 SL4 SAI4 SH4
(n=5) (n=5) (n=5) (n=5) (n=5) (n=5) (n=5) (m=5) (n=5) (n=5) (n=5) (n=5) (n=5)

Splenocytes subpopulation

Control OL2 OM2 OM2 OL4 OM4 OH4 SL2 SM2 SH2 SL4 SM4 SH4
@=5) (@5 @5 @5 @5 @5 @5 @5 @5 @5 @5 65 @

Splenocytes subpopulation

Control oLz ONI2 OM2 OL4 OMI4 OH4 SL2 Sh2 SH2 SL4 Shi4 SH4
(n=5) (n=5) (m=5) (n=5) (n=3) (n=5) (n=3) (n=5) (n=5) (n=5) (n=5) (n=5) (n=5)

Control OL2 OA2 OM2 OL4 OM4 OH4 SL2 SAI2 SH2 SL4 SMI4 SH4
(n=5) (n=3) (n=5) (n=35) (n=5) (n=5) (n=35) (n=5) (n=5) (n=35) (n=5) (n=3) (n=5)

Fig 1.20. ZA &S Fojo] @& &A1Y 8| obAEY v&.
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ol aAe e AL s AT P PATENA P2 FuE] A7 ¥
57 8

= v
=ol& Aotk (Guo et al, 2004). BAe= E57F SA Hopgle #olaAd]
Ao mA = TS dotr skt I A vE A7 RS o, izl vl
1238 &5 Folu EFolA Bt goliaxte] dA o] Frkskes A¥dFE Bt

Serum lysozyme concentration (ug/ml
—
=

Control OL2 oM2 OH2 OL4 OM4 OH4 SL2 SM2 SH2 SL4 SAI4 SH4
(m=5) (n=3) (n=5) m=5) @®=13) @m=5 @@= (®13 ([@©=5) (=5 (n=5) (n=5) (n=5)

Fig 1.21. AAES Foo W& SA9 goliAd 49 F7L.

GH R Aol Egtel wde A= B}

ot

Pxd 5 Foj7E59 HFOZRE RNAE F%3t9] Real-time PCRS ©] 8319
Aol EFFel  (IL—-4, IL-18 283 IFN-gamma)? 35S =483 tt.  Primer
sequences 3% 13 #t} (Cox et al, 2010). Alo]E7Fel ¥ Ao QlojA x4
B Folh 51k Aoz flsith

Table 1.2. & APO)EFIR &AL 935t Primers.

Target Accession no Nucleotide sequence (5'—3")
GAPDH Forward NM. 204305 CCTAGGATACACAGAGGACCAGGTT
GAPDH Reverse h GGTGGAGGAATGGCTGTCA
IL—4 Forward GCTCTCAGTGCCGCTGATG

NM_001007079
IL—4 Reverse GAAACCTCTCCCTGGATGTCAT
IL—18 Forward AGGTGAAATCTGGCAGTGGAAT
NM_204608
IL—-18 Reverse TGAAGGCGCGGTGGTTT
IFN—gamma Forward NM. 205149 GCTCCCGATGAACGACTTGA
IFN—gamma Reverse h TGTAAGATGCTGAAGAGTTCATTCG

_44_



Relative 1L-18 mRNA expression level Relative IL-4 mRNA expression level

Relative IFN-gamma mRNA expression level
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Fig 1.22. AAES Foo] wlE S4 9 Alo|E71Q] 4d A&,
& d7+Z2I QoF
B A A A& A9E F ] Q= AES Foste] 1A tS 3y 2ok
O A=
Az Z71e] o], BES Foldl mE FoA tixdtel vjs] dA3 F7E RO
I F Heks B3t 43 HAE 50N vE gE=F o2 oA A ZF7tskt
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@ CD4+: CD8+ Alz¢] vl&

SANA CD4™ T AES CD8" T AE9 H&S
AWrH oz o]gHoxE A Eolty. CD4":CD8" H 2
Aoy FA wloleiaA Aol Ad Aol wo]l el WbA  (Chakravarti,
1995), CD4+:CD8+ H|&9o] =2 el A9 Wodo] F7E 4% Wol] oAt (Erf
et al., 1995). ¥ Ado|A, AAEES FoIdt tFio oA CD47/CD8" AE9]
Hl&o] F7tstlov, 1 5 Aoks T TEE (2.10mg/ml) 9 43 FoIF (OM4) oA
7 we =712 wlth

99 =rhbA ou] Q= APZ Fadle] E u AAREI Eo] Az ysnri=
ekl o &AAAelH, FEE FEE (2.10mg/mD, Fol 3FE 23 Huks 437t
adolgtz AEs Aok olHd AE2S wEoR ASHEs ddsdMdE TERE
(2.10mg/mD) o FAE=5E AHgatglnt

|

O

GhH AAEE) FoARS) 5 AAAA A&
@O FAE=e HAo FARE ¢ FsFARTE L
@ AAle5 HHo FoIsx @ 2.10 mg/ml

@ AAE=Ee] HA o] FoIsly ¢ Sl g4 (23 Hth= 43])

(2) BAEF T88/A84Q Hlgd Fo A2 (FHdH} £ e 2HE5%71

O 1938 7 (Ross) 94+

(th FARES 5%, A44 ¥F 2 YYF BF

O FoAsE o] AFoM 7 =2 g3E Ho FH 2.1mg/mlloZE LT
@ LA AeAe v)E: 1:1, 1:0.5, 1:0.25, 1: 0.125
@ Foi Aoty BEA o7 SR
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Table 1.3. AA%SY Foiy 2 X84 9% 432 A% 47 Wolelg AWT *el

Group Fou \ TEH * & NA

Control i (d) Fol 7 10
01 R 10
02 Ak 11
03 Ak 10
04 ERl 10
S1 = 11
S2 = 11
S3 = 11
S4 = 10

) FABEE TIF Tof A5

@D A<k 10ul/each eye (20ul/each chick)

@ #5: 5ml/10 chicks

® 2930 @8 Fol 189 F HAS Aol B4 LAY

=

(wH AF

BE Fole] wE &4 AF F7t
Afiel sark A AAY AFL

A
AYTAA RS ol & e T 4 Ak
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Body weiht {gram]

Control Ocular Ocular Ocular Ocular Spray 1 Spray 2 Spray 3 Spray 4
1 2 3 4

Fig 1.24. AAE5 A3 EF4yo & FA49 AF.

(b B A

BE ol wE SAY Welgy] M1F) FAS FRAYU 4 FF 554 THS
xS o, A FAE S A3 FAR fo4 Aolr} lee B T & o)

Spleen weight (gram)

Control Ocular Ocular Ocular Ocular Spray 1 Spray1 Spray J Spray 4
1 2 3 4

Fig 1.25. AA 55 Aty EFEAe & SA Y v FA.

(b Telated BY =7

g ff o]z FAdS A3 Ay giFF (9.113 = 1.118)] wvls] ¥F 37
(11.870 £ 0.446) A Fo4Q S7HE K
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Lysozyme conce nivation (ngml

Control Ocular Ocular Ocular Ocular Spray 1 Spray 2 Spray 3 Spray 4
1 2 3 4

Fig 1.26. A &5 Foio W& SA9 goliAd 49 F7L.

(o) A7 AolEFte e A B}

ot

x5 FoArEe HFOo2HE RNAE FE3F9] Real-time PCRE ©]&3fo]
AFO]E7ERD (IL-18 183l IFN—-gamma) 8] LS SHSATE Ao Bkl M A ko
Mtz S5 FoTL =3k Aok /it

vn fed
[

wwen egsreming eed
g

Hedains (1A ez rmain
-
ks

Rdzime TFA 4

Comtral Omelir Ocsler Ocsle Owsdar Spray 1 Spoar 2 Spraxd Spmrd Camtral Omsber Ovcslbr Ocsar Ocedar Sprx @ Spay? Speo 3 Spar 4
1 2 3 4 1 2 3 4

Fig 1.27. AAES Fojo] & A Alo|EFI 2HH FE.

(b v "FZF9] oM H]E (Splenocyte subpopulation)

B cell#t T cell® Bl&ols= ¥ & W37}t g1l skA vk CD47/CD8" vl &L iz
(0.827 = 0.210) 9] nvl8] 5 37 (1.358 = 0.225) 94 F9AQ 715 Helr)
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Fig 1.28. AA| &= Foo &

4% %71
<45 mitogen FH7A, 7

LPS (B cell mitogen)$ ConA (T cel

Aol g HolA) ¢

o

1
A

tt.

- 50
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1 2 3 4
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SAY v oA E B &,
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Non-stimulation Stimulated by LPS

035 0.60

Optical density (540nm)
Optical density (540nm)

Control Ocular Ocular Ocular Ocular Spray 1 Spray 2 Spray 3 Spray 4 Control Ocular Ocular Ocular Ocular Spray 1 Spray 2 Spray 3 Spray 4
1 2 3 4 1 2 3 4

Stimulated by ConA

070

Optical density (540nm)

Control Ocular Ocular Ocular Ocular Spray 1 Spray 2 Spray 3 Spray 4
1 2 3 4

Fig 1.29. AAl&5 Foo & SAY d=F F5 J7t

) aFa%H 2o
2 AR 9 ARE F v] Qi 2SS FFstel w thet 2k

@D H]A CD47/CD8' T celld HIE : dwrzrel WA Ao FQ
CD47/CD8" A H&<L =y 1 E
0.225) A o4l S7H=

<l

@ d3F ZoliaAd Y AE 0 tAEeAM F2 OEHEHE AdE I
go| Az Y FEE SASE Ay, dixd (9.113 = 1.118)ef H3|
(11.870 £ 0.446) A FoldQl S71E Kl

@ 919 F A vl e ARE FFeel B oW, FALE Fol Fri Pehwrke
2R oyl o EdHelM, AFARHY £/ wEel 0.259
Aol AES Ak oYF AEL WYoER ALHE AY
(2.10mg/mD e A4 FeFo] 02591 AAEE = FARES
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b BAEeS A8 TFH FoALH HPLHY dE

g

O GAE= A=A FAAE @ HARU=

M

@ BATE HA FE&4/A88 vE 1 1:0.25 (BATFY F/ANE; FAEF)

(o]3 2 AAB5S 455 (lipid—water bee venom) ©]2}3th.)

oh =4

O FAE52 meel 1 A A7t X e dotruat s

@ 201093 201192 FA&52] Zo]E Lofr izt gt

Q FAEE 849 A vEed e AolE o] Aol o]of FFstarA}d Fht

W AEF=

ARl 2.1mg/ml (FEE)E TEREE AXS] BRE
T FAEE AT EFFE okl ®o Bu FAESH
@) =] [e)

THaT

B F 199 (202090 Ax s,

Table 1.4. FA &5 AITLE 59 744 v 4 EFZ

A 2]t Al & T vlg] o e
Control LA B 9ml 0.643ml
Group 1 2010@ LWBV (1:0.25) 9ml 0.643ml
Group 2 2011¢d LWBV (1:1) 9ml 0.643ml
Group 3 2011d LWBV (1:0.25) 9ml 0.643ml
Group 4 PEFA & 2010W LWBV (1:0.25) 9ml 0.643ml
Group 5 PEFA ¥ 2011d LWBV (1:1) 9ml 0.643ml
Group 6 PEFA 2] 2011d LWBV (1:0.25) 9ml 0.643ml

% LWBV (lipid—water Beevenom, <+X*|%%%); PEF (Pulsed electric field treatment;

aAE HA A ()b A= F59 SR A4 HlES nEh
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Fig 1.31. X35 Foo & SAY =3 F&5 F7t

(mh) vl A T T obAlZ &

HZ CD8" T celld vl&2 ZF FoA F97¢ W37 gledley, CD4™ T celld)
Hl &0l tx+ (7.86 = 5.70)°] Blal Group 3 (29.63 = 531X FoFo=
Z7Fah S

_53_



2 =2 2

CH CTRE mafic

C D6 oo/ (Y
e
s &

CIM+ splnacries (¥0)

-
=
=

10

Conirdl  G1 53 15 H 5] B Courd Gl e = (=1 & G

Fig 1.32. FA&SF Folo] W& SAY HF T HZ T oA £ Hl& W3

(vh d723% g9 4 A&

CD47/CD8" A% wu]&o] tix+ (7.86 * 5700 B3]l Group 3 (29.63 =+

53D A w8 oz Frkekdth webA, 201194 F=8A4/4] 84 w]&o] 1:0.25¢!

PEFHEE 3% o4& ZxB=o] 717 FzRo Aoz Augdr. ozs ARS
&

HHE o 2 Al&E = AP EodAE T5% (2.10mg/mbD o F843/484 v]&o] 1:0.2591
PEFAEE 3lA %S FAe5S &5 WS &3 Fstes st & AdS S5
FEA3/A L] B0l 1:0.25Q FAE=0] aFQl AS o ¥ o gl & 4 qlrh

O A=7HA9] dasE BEUz AAEsS5S 749 d9ge 7 ad4ed 22 va3

7|
2.
~ AAREY H49 ¥ : 2.10mg/ml
~ AAEEe) AA FolAw : BRuA

- ZAE= HA F3AY/AE vE 1 1:0.25

(4) FRAEZ=9] Gelatin—encapsulation® Hyaluronidase inhibitore] A7Ff-Fo] W&
A "o n|X= 9

b 53

1r

DO FAEE g% Gelatin—encapsulation®] v x| &= ek <ol 1z} 3t}

— SAoA FAEE2] Gelatin—encapsulations E3F LA A ] 7sA S AdsAs)
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- FAEE T FEAAY AL vEo] 1:0.259 FHo] SA wWaAAHe shdat Folgl

=], o] H]E&9 A& Eo|A Hyaluronidasel &AJo] thE H| &2 FXEZo B]3|

FATF7) IO A drE Wik whebA] 2 A3 elA= Hyaluronidase

inhibitor& A 2|7} FA&=555 (1774]4 Ao vX = JEP) el oust JFES F=
A& golr iz}t skl

h d8%5= 9 455 ©F

1993 %7 (Ross) 1005% Sof s} ek AT ¥, 299 £/ Wolds o4

9} 2
250 o2 stk e PR I A 5 B AT S of ek 2.

O

0

Table 1.5. AAT4 747 A A AF 2LH).

A 2l nte] 4 T FA (k) g AF (2
Control (&#) 20 1.25 62.50
Group 1 (EnBV) 20 1.20 60.00
Group 2 (EnBV+i) 19 1.25 65.79
Group 3 (LWBYV) 20 1.20 60.00
Group 4 (LWBV+i) 20 1.25 62.50

2.1mg/mle] %9 FATHS ofde} TS FAACE F 23] (AF 2d% Y 5¢4%) 9
27 9 30mN e BRAGAY. AEET T 3AAe) FAL A
Table 1.6. FA &5 AYTE B5 FAH 7%
o = A& 13 +5%
Control LA 25 30ml
Group 1 EnBV (Encapsulated BeeVenom) 30ml
EnBV (Encapsulated BeeVenom)+ Hyaluronidase

Group 2 o 30ml
inhibitor

Group 3 LWBV (A]8%, 44| 1:0.25) 30ml
LWBV (A%, &*]48]4& 1:0.25)+ Hyaluronidase

Group 4 o 30ml
inhibitor
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Fig 1.34. X155 E5° ©& 545 () 8d4dH () H4 WHolgl g Al5F.

b a723% g9 94 48

Az F7ksk CD47/CD8" AXE u]l&o] thxwel wld]l Group 44 HoHo=
S 7FeitE. olget A¥E KW, 1:0.259 FAH]EY Gelatin—encapsulation®] ¥ A
931 Hyaluronidase inhibitor7} #7Fe X552 +57F SA12 T4 9 "oy 7)o
ra

Gas Row AnAch

O Az7Ae AnE gz JFHoz A¥d SABEY PP 083 o

- AABE5 ¥4 F% : 2.10mg/ml
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- AAleEY] HAH FoAAE ¢ B
- A= HAY FE4/A84 vlE& ¢ 1:0.25
— AAEEo] PEFA g % : PEF vz

— A A|HE=9 Gelatin—encapsulation® 2] 5% : H] Gelatin—encapsulation®] 2]

— A A 8% 2] Hyaluronidase inhibitord 7} 5% : Hyaluronidase inhibitor3 7}

G AF 88 P4 FARF SANA EY © K2 mAE 9 Bt
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o

%71 (Ross broiler) olel (14%) % 1004% Addists st AFE
At AT QA F oo Q9E 2594 4o wrglow, Alns B2
Afgolatadnh, g LEE 28-30CE fANALH, A¥EIY 4L AR

g8 FEB FAMT #71F AAs

O T 28 (& 79 259)
— Group 1 (Control) : €A% #5
— Group 2 (LWBV+i) @ FX2%($X%]8]& 1:0.25) + Hyaluronidase inhibitor

(3) BAEF £F

2 Ao ALESE B2 o] AFE0 AYE vfgo R HFHOoR HAEH FXEH
(LWBV, Lipid Water Bee Venom <A|/H|$& 1:0.25)¢] Hyaluronidase inhibitor&
HA7FHLWBV+D) dEmozd LWBV+id Xt 2.1mg/mlolda B3 A4 1574
bAC R 3,9, 154l ZF 184 F 33 ArsIR o, EFF2 S/ Wolglel A7

wol 12 EF A 30ml 23 EF Al 60ml 37 EF Al 90ml¥E RS
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14 % 24 79 &d doR 1054 FAs 354 F7lel
A2 in vivo Y54 AHAF (Liver function test) ¥7F &5 & 5742 a3

.

(O Glutamic—oxaloacetic transaminase (GOT; AST), Glutamic pyruvic transaminase
(GPT; ALT), Alkaline phosphatase (ALP), Lactate dehydrogenase (LDH),
Gamma—glutamyl! transpeptidase (GGT)

O A dxad FAEE At

oM ol 5ol Qs v

- T

ox
% Al

o] r&ah AF7E Ael7h gles #l(P <0.05)
t}

Gintamic-ox aloacetic transaminase (GOT)H Chitamic pymvic transamin ase (GPT)
ar as
25 30
25
wr
= w = 0
=R B
= =ET

—
=
T T

(=]
T

Control LWEV+ Control LWEV+I
Alkaline phosphatase (ALF) Lactate debydmzenase (LDH)
20000 1400
o] | 1200
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14000 1000
= 12000 = 8 [
= 10000 =
2000 am
G000 A00
4000 |
2000 200
] ]
Control LUWBV+ Control LWEBV+L

Gamma-glutamyl transp eptidase {GGT)

Contrel LWEV+I

Fig 1.37. U273 A5 AATY asr A,
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(6) HAFHoz AEd FAEFY SANMY &4 37

4% £ARE BV 19 F, 4 7Y S4 QAR 1054 Fse]l #4952 Ftol
Agstdth &4 BRRe MR AWAR R, AW, wud, s ddy,
AT, mEE R pHell, B e povl, YRR FARE BRI
Aol% FHql T 5 glolvt

b 7197 0 ABE 48 AAs rekow AT (250+ 50g)3dte] polyethylene
bagell ¥¢] 80C Water bathel] ¥ &5 &3] 725 o & 4083 7143t
T 2087 st AR W E7]E Hola AAALSE AR FAE

S4stel Tt

b Ave: AAgFe 598 F 2AS 9 PP A7 05 inchd ot

/\]Efé— A e APy =H7) (warner—Bratzler sher meter)® &8-S

(th B4 AR 300mge] &% AN ol7A ol ¥ F FAY 29 YA} 2
plexi—glass¥ 912 43 POz Sigk YALs 2olA Fof e slsta, 43
5% UAME  EoA i’7lil"%E1 e R dmAMy F9 ddM=
planimeter ©o]& 3oy 8l R4 2o wjEl R4S A5

B (%) = 59 1A/ HA(T:FHA)

(@) pH : AES 10 go 574 90mLS 7}8tal, homogenizer (NS—50, Japan) &
10,000 rpmeflA 13 A%t % pH meter (ATI 370, Orion Research Inc,
USA) 7| & o] &3to] =A 359t}
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4. A NA BFEAEAY HAEH 713
7h BASEY A FoAeE 9 Foyd mE SR dAYFAET
(1) 49 =4

A #AREe] HAN WAaSS Brksta, YARE EFS s T F Ut
A9 Folgng At

(2) d¥F=

o AHE <éeg> 2045 Addisa Folddist AREE AR Qrstgom,
o

Ak Fool = gl

>~I
uls
1o
H
(@)]
-
1>
o~
S

2 Ao A3 EES £X4E5 (LWBV, Lipid Water Bee Venom)el
Hyaluronidase inhibitorE #7}Fs (LWBV+i) AAE=m02ZH LWBV+iS Fh+
2.1mg/mlel k. FA= 0.1mle] FIE F 13 (JAF F 3¢xH AAsIA AL FAF F29]9
- o Fee vt 2k o @ rkegE 5ot

(FA A o)z Control)
$ FAS (Snout)

— Group 1: i
o] -
5539 FARE (Neck)
J_:IL

— Group 2:
— Group 3:

A9 9] BE2 obgl] ARy o (Fig 1.39).

F50] 29 F AL (Snout)

o {|FNY

5% 5589 A (Neck) 0] 24 (Tail base)

Fig 1.39 &% FAl A& FAbbE 2 Aol wE FAES Y B
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@) AZ W3t

BE FAb o], 1FUAoR AT

o
zell Hlisl 4583 5FFA] FoHoR AFo] TUMES & ¢ A Ew
ofte}, mlZH FAREAAE B HF 1 FAI7 Asol St

& % ATk AAT, FH HR9) FabrelA
webd] AFWse] ol FAl FAREY FEo] i
Ha foHow wsh 2

14

: 1
i
= 10
B 8
E o6
g
= 4

2

i}

3 4 5
Weeks ofage

Fig 1.40. A FAES FAM W& o]f-A=9 A5 3}
(5) % FolaAY &4 3

25 ZAAY BE AL F 19, 49, 79, 12906) 7 dxed Adwe A ol fAE
uﬂziﬁra AP AR o, %—0— fao}oa 49 W eolady B4
3 Ag A BE FA A FAF 1Y £ = @9

Eu 79 ¥ 43 3 a}ol*x}w Yol F5o

AzeA BEzel v e 2 :

401'
9
ot
N
N
Ir

= —Iﬁ'
SV
e
_>|’1_',
o
|

N Y e ol
2
§2

30 B Control @Snout ONeck OTail base
[

2o |

Lysozyme concentration (ng/ml)
-
th

I 4 7
Days of post-inoculation

Fig 1.41. 2] 85 FAF A5 @ €3 U shelaakyd 24 H7%
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6) BET ZE AL

BE A A% 3% R F 19, 49, 79, 1299 7 gzTd A¥Te BE
ofAES ARWMomiH AAS AAdsdor, wxPed WA U AW

3 M

AN, 1 A% BE PSR 28 4949 Aol 9ee # 3
1.42).

o}

~

Fig

4 GCwrs BSme BNek  OTalbee | i1 [ BCemmd @Swewr BNek  GTelbee
e =
& ™
m “
o i
L
s z
2w
4
Jﬂ‘ o
w .
" 1
0 1 o cimleers) 2o
Eor B NE Ly Mo k0 na
4 GCsmrd Bimes Ohvwwl ek Tal bine | BT | Besard @Sesn Qs Nk OTal b |

AE LY LILH] LEL) By
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Fig 1.42. 7 %5 FAl] BE o] 4AEY BAT 9 A4
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%’HL:. ‘:"/\4712_

F5ol w9l FATH

HET obA|x o] HjE W3

%% A T 1Y, 4d, 7Y, 124 7+ dixTy A¥de BE
FE AFE AAsigleon, gxddex T g9 oAl v &S
Ol%é of At 1 A¥, B5 FAF A3 FAF 1Y Fele
CD47/CD8" ratio’} #¥ = W& 2o]Z HolA ¢kgith, 3HAWE & FAL 4UF o=
n] ZH FARESY CD4Y/CD8T ratio’t 94 QA Z7tstE AL
d Fo= FFol F

ol & 4 QlgleH, 7
294 AA =4
AbebA 3L CD4"/CD8”*

CD4+ T lymphocyte (%)

CDS8+ T lymphocyte (%0)

'FI_Z]%E i—}'?_]_-]'

45
40
R
30

20
15

10

9] FAbFolAlE CD47/CD8T ratioZ} A&
T QY. BHE FAF 129 Sl olgst A gko)
ZFol 7t glodS &dd 4 AU (Fig 1.43).

d

=
ratio’} ¥HE=E

O Control O Snout ONeck OTailbase

o 1 4 7
Days of post-inoculation

@A Control OSnout O Neck OTailbase

0 1 4 7
Days of post-inoculation
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25 r O Control BSnout ONeck OTail base

20 F = s

1.0 |

CD4+/CDS8+ ratio

0

1 4 7
Days of post-inculation

Fig 1.43. 4 85 FAle] W& o|fAES THZT oMAE u£9 W 5 FA 4,
| 29 FAEH v]ZF FAMEY CD4*/CD8” ratioZt F94 YA
M-S #9498 T st

(&) FTAH Aol E7H) WA 7}

BE AN 25 FA4 ¥ 19, 49, 79, 1296] # dxzd AT mE
oJfAES] AYWMozRE AL AAHGor], BxANM PTFE Red F

RNAS F%3la, %3 RNAS A cDNAZ A8ttt $43 cDNAES template®
AFE3Fo] Real—time PCR WHWS %3 IFN—y, TNF—a, IL-18 cytokined *tf#
W JLEs 5489tk Real-time PCRY 8-S MyiQ'" real—time PCR detection
system (Bio—Rad, Hercules, CA, USA)& o]-&3}t}.

71 A3} IFN— 7 level &% ZA}XWJF B Zx} 19 I7R= 2Eg Ho
Wb Al ekt AR, B FAF 449 8Y % =
IFN=7 levelo] S7Is& &1 & + qlglew, 53]
T FARCOA FoAQl SUHE gl 5 Slsith

(e} =
Adko] B Z,\} 8ol z‘p;}x] G2 7} 5]9131/}, TAF 129§
__C[>_
il

Goll oF AL AHE UEhIet BATOE foU7
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[FN_T O Control @Snout @Neck O Tail base
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Fig L44. $7 25 Fite] hE o]4RES 43 Al E7kel e Wk B5 34} 4,
T9Fe] FFol ¥4 FAELH maE FAEY IFN-7 levelel #94 QA
F7Hre BT F A3k
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(th) CD4*/CD8" ratio® Z7}

A 49 Fo] HxYPAoAM dzTtel HlE 5o
FARES] CD4"/CD8" ratio’t $74g& 2l & & 9l
9 74 7 A7 A0 skAE, ol R AEe %
T 11 FAVE fAaste] dxad duE Aols

Ao o3 CD4'/CD8" ratio?] T7H= ]
o aAry A vEhgd, ol e A &yt

N
olf
(0]

(&) IFN—gamma level® 7}

IFN—gamma+ T helper type 1 cello|A] #H]%+= Alo]|EFIQIO 2 Al H ST
AbolE7RRICE dHA Utk &5 FAF 49 Fo BxdNoM e B Ee §5
FARCE [FN-gamma levelo] S7Fgs &9l & = Qglew, 53] F35°] #4 &=
FAREY v 2 B s FAREOA Foldog FUhehs #ld 4 QQlth B RE 5k
FAROA o2t Ado] FE FAF 7 I/ fFA7F HIAoHW, w5 FAF 129
ol iz HoE zpolE UERA gith webA Bm FAF 4 Folle EExY o
o] IFN—gamma levelo] FelAox Frlel= Z1o® Holm, o|zst Ao HF F

TARNA FA = AoR A
(h HF 22

AA FA BEEL o]fAE FAL Al FFol HYo] FAR 3 u|Zo] FARS
oA tiETel vl o] A WX mEo] FAEE= AL el = ). £
AF S7t €% ol &4 ZF7h CD47/CD8' ratio® %7} @ IFN-gamma
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5. BAE =S Folo @& FopAM e HWATFEAS
7h A8 53

A FAREY FolANA WAREBNE 8 FARES SobAd] A F ey

WoE AT,

U Adds=
FobAl 259) 675 At Foddst ddTE AFFARR dARsiion,  IAL
?ﬂ%%%*ﬂﬂiB#ﬂZ%ﬁiLHﬁﬁ}
T &7

th £ARE Het FAte] m
A=k

Agox] ALg3 HE=S F£AEE (LWBV, Lipid Water Bee Venom) el
Hyaluronidase inhibitorE #7}st (LWBV+i) AAE=S02H LWBV+iY BEE
2.1mg/mlol At} FAF=E 1mle I & T 13 (YAF T 192 7 58 F35FAF skt

— Group 1: &7 (A4S FA}L, controld)
— Group 2! A8+ (A A 553 33} TAF, Bee venomi)

R | 8, oA BE FoA
Aoz RE QS AAERoH, dHE FEstel I Wl FgHoliaAd S
S8ttt 1 A 2 35 FAF Aol dF ol e ¥t gldoy, B
TAE 4Y Fele dizael vlEl s FARCY] groliakel Aol FoA A
S7retelom, 8UAbA] olelst Aol FAHUTE BH FAF F 129 Fol= ol et
ZAgFo] Agluo] 7} 1 ztbolE #Ql 3 ¢ Tt (Fig 1.46)



5.0 BControl HOBee venom

45

4.0

35
3.0
2.0
1.5
1.0
0.5
0.0
0 12

Days of post-inoculation

Lysozyme ¢ onc entration (pug/ml)
(=]
in

Fig 1.46. A4l X 259 FA7} $0149 8% ol2Aele] mAE

FAL 3 1296 dxes A¥TY RE Fopxe Aymoziy AYS
o, Wy WA 1A A4S ANGA. 1 AT A 54 L5 56
% 27 grze AuE Aolde %l & A (Fig 1.47).

D+0 ‘ @ Conirol O Bee venom ‘ D+4 | aConirol T Bee venom
60 70 ¢
&0 60
- -~ 50
SR S
& = 40
¥
¥ g
¢ £
B 20 -9
0
10 10
13
o o
XE LY MO EO BA NE LY MO EO BA
D+8 aControl B Bee venom D+12 B Control o Bee venom
T0 T0 e
£
&
3
3
i& 30
20
1
(]
NE LY MO EQ BA NE LY MO EO BA

Fig 1.47. A4 44 259 Wa15A7} Sojxe] 9aT 78 Ax] mAE 9,
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wh AU Aol e TES B}

= FANR RS A ¥ o4, 8 1296 dxwd APEe RE Fopx9
AAmozE ADL AAFHAC 3 7 =

o] g3l real-time PCRS AAI&FSIT},

O A3, TNF-ea leveld A¢ &5 FAF & djxdol H]f‘fﬂ 5 FARro]l oRih
TV AgE Boloy WuE o4 yehliA 4tk E=E IFN-7 level> &%
TFAE F 129A7HA] tix=Ttell Bl B5 FARCOA SUtele AEE dERiler, 59
TEHET 8YAAN FAACE FAA Al SIS &Rl & QST E=E IL-12
level?] A-¢% &5FAF & tixwtol vls| S7betalon, 53] &5 FAF 493l tfxdtol
Hl8 & 85 FARColA IL-12 leveld] oA S7H5 &<l & & Aok (Fig 1.48)

BEControl BBee venom

:

14 |
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08

0.6 |
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Relative mRNA expressionlevel
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[FN—'}' @ Control BBee venom
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Relative mRNA expressionlevel

0.0
0 4 8 12
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1L-12 B Control OBee venom

20

15 f
1.0
05
0.0
L] 4 8 12

Days of post-inoculation

Relative mRNA expressionlevel

Fig 148, $74 2% FAll M2 $olxe] 4t Alo|E7lq #d5) W ¥5 T4} 4,
743 85 FAEE IFN—7y level ¥ IL-12 levelo] #84 QA F71ES
g & g9tk

AL BA| FAEFY FotANN BHasHY Fo A T

(1) olaAd 84

omers Relehn AT, B ATANE A B Fa el wel BE FA AAF
89 Fo WA % elolaxle] Bl B FATNA dzTl wls Frhs FFL
BYS F T 5 At

129 74 747 g
[FN—gamma levelo] #2402 T7Fgs e 5 glglor, oy BEo] FAF F

1243744 FA ¥ = A o® AZen

3 HF 22

A FA BES Fobde] FAL A, thaTel s} 0¥ s MeAEEC] BB
A% #FAF 5 U9tk 53 2F welange @Y F7h IL-12 ¥ IFN-gamma
level®] Z7be] §912191 Fabrk Y 2o AN, olHd Ere A RS 18] FAb
A AT 129744 1 &k A%EE AoR AzEth uebd Sobxe] Hpge] Bug
S F4F Al geld e WelEAENE J0E & 9e Aow AZH,
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@ A+&% S. Gallinarumel] ¥4 A% 104 & (D+10)

AEE S Gallinarum #2A3-Z olE 1099 S4 Wolgl u]&oA CD4":CD8"
T A¥x ¥&S A% 43, 85 A (069 £ 0.25 94 iz (0.50 £
0.17)°l vla&ll =& A3 FA R 244 5942 it (P > 0.05).
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Fig 2.15. S, Gallinarum #Z3AZ o] & 1094, 25 22X wWE {4 Holg u|&A

x
T I oM ¥ v]& W3}
@ A-+&% S. Gallinarumol ¥4 AF 149 & (D+14)

A% S Gallinarum HAHE o] 10942 SA ol vl oA CD4":CD8" T
Kl

ME HES SH3 A9, BE Ay (0.68 = 0.07) A4 thx++ (0.48 = 0.11)¢]
HlE] fo4°0=2 =28 & 4 Ay (P < 0.05).
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ZANE o]&, 3, 7. 10, 149 e 129 CD4+'CD8+ H&S 548
dpE s yepolmd ol Fig 2.17¥% #Th
el CDAT:CD8" HlFo] tlFxTte] HlsE fo :

A= S Gallinarum 344 F o] Ao Ayelx FUsty, SA oA ¥& CD4:CD8”
v &o oulste= wb7h WS4 #dol 2 A (Erf et al, 1995)0% Ko}

il Q2
FAEE el g xS CD4+:CD8+ HlE2 FATF 5F7F SA419 AnkAQl
del AHE AN Eaes & ¥R okdel, S Gallinarum®] el o3 o
etolut AAlE E4=E & s A= Viddn
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Fig 2.17. A%E S Gallinarum FFHZE o] & dxe FZo wE& CD4":CD8" T
M E] nj&2 A3l

S5 S Gallinarumel Q13 ZE SA Holg]e] Apo]E7EQI

o A= FFS Lolr 7] Y& S Gallinarum 3485 o] &, 3, 7, 10, 149

H]Ze Al RNAE FE3%th. &3 RNAE cDNAZ 3dA3te] template® AFE-31o]

IL-18, IFN—y 123 IL-49] Jfd<d Ld J=E Real-time PCRYH S o] &5}
3

ZAstgct. 1 Ay, FAEE B oxdel] vle] IL-183 IFN—y ¢ 4o
AdAoz S/l RS & & AT AN IL-49 2d AEE= HHE A4S
AgS Ho] Foh AR, BAIA FA2 oJust A% ATk (P > 0.05).
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l-l'l

FAEE BE7Y AF5 % Salmonella Gallinarumel @1y 793 &7 Holg]o d3 U

ghol At o] Aol viA= J&FE dotrr] Ss S Gallinarum A4HE © F

10, 1490 @FolA eholzatele] #4e stk 1 A3, AR5 2T

thzdol H&l 374 HE o] Fon Zvtd AL & F Yt 53], A
109419l = BAIFCZE 594 AA S7FES &l g 4= QA (P < 0.05)
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— Group 4 (A#%2 S Gallinarum¥244ES 3t 2= A1)

- Z2% (5x10Y cfu/ml) 2 S. Gallinarum® 32 HZ o] & A ZA 7} 4
HAE S S8
(WP %5 (6x10° cfu/mD) 9 S Gallinarum® 27 AFE o]|% A&§
Z¥x% (5x10Y cfu/mD 2 S Gallinarum® &
HARZE dAYsH] Al skl sHAI R, A

WS 7] AlFE Y HE O AESS RS
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Fig 2.20. 2% % (6x10° cfu/ml 9 S. Gallinarum® 32 AZXE o] T 84 Hola

AEE. IHPZA B vhg Z2ol, FAeF EFTAA FAAY 2o =g A
AFAEY, HAY AR B3 g2 HE S0 A

() F&E S Gallinarum® FAHF o] &, ASS SA Holgl&9 4 &4
Z

F%5% (5x107 cfu/mD@ S Gallinarum® 74 HE o] ¥ 179A AES
A FHs AAEGT ofd ARKE 3 o] = 7 AUE (& ¥A, Fd) 9
ARRlolty, 2T FAES EFT BS54 S Gallinarum® A Al wywiel k3
H ] Foi7F Yebsk o, 7k A% 9o necrotic foci®] S el & 4 AT
AL (5x107 cfu/mD 9 S. Gallinarum® &2 HF2 #3 243 fAbsh ozt s
Ao WHS BoY AT, HHe ARE FAEE BEEo] thxato] Hls 435HA

Fgke.

Fig 2.21. 2% (6x10° cfu/mD 9 S. Gallinarum® 27 AX o] &, 1794 zZ+ A7)
&4 vAF, FPHY BEE. 2T R85 57T EF9A4 oA necrotic

focid] FAFE & & =+ AUTh
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(4) 49 23 2%

o] H A= SAA FAB5 Ardat T
A&l FHEAG. SAANA FHEEY ARt T
TAEE=S  &A Holyle] 33 AXxgo] o]F Salmonella em‘erica serovar
Gallinarume 5% (A%%: 1x10%fu, %% 5x10%cfu) = <% 7ZIA A}
AdFAE A Fof WAt WstE FAEIG OT, JAFAA o]+ YT
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@ FUHQ Aol BE%

FAES 33 5 o] F 156U4P e S ®ote]o uelA Ate]ETRRIS] W ARE
S74st A3 IL-183 IFN- 7y 9 Aozd dddes R
IL—4¢] Aozl HdaAdEE dastes 43S Bt B AllEFR] dde] Jwrt
EAA o7 FoAol A= sk (P > 0.05).

® eoladte B4 B

FABEE 33 BY o] F 1549 &4 ol A zholaxdel FAHS
=43 A3, BE A (250 £ 0.35 ug/mDeolA] dixd (1.45 £ 0.22 ug/ml) el
HlE] f-o8 o= Frletdas & = AT (P < 0.05).

)

(WP A== (1x10° cfu/mD 2 S. Gallinarum® 22 AEs A
D Az

TA AE 149 3, E= Ay (1200 £ 158.1 g/chicks) ] Hu #A|ZFo] tx+
(1050.0 £ 135.4 g/chicks)el #Hla] wFg] & ¢k 150 gram A% F7IsHS & <+

2,
o}N

) a 49 &, oA e A B
e e gl Zka AR o] F38 3} necrotic fociE &elsk 4= A, df

B

[}

% RREAE oleld ado] WA skert
® 7 A7)4 A7 & (ASE S, Gallinarum HF ©]%)

AE% S Gallinarum 3Z2AE o3, 3, 7, 10, 1499 zZtz+ 7, Fd
FAS] S, Gallinarum?® 5 54 3t 43}, izl Hl&)] FAES

2
Fd @ B3 2RI S Gallinarum®] 57 ZAS9ES #9 & F A%k

@ Z+ A719 A (A% S Gallinarum JF o]%)

AE%E S Gallinanm 34FAE olF, dxvd w5 Ay EFolA 1H 61
FAZE AR S7ksky, A 54 713kl A E5 Aol gk BlEe] Fovh
el wis) AskA Res & 7 AT olgke dxdor Fde FAs T
Ao SACN THENeS & AT

@ BN T HZT oHAE v &

S Gallinarum H437%8% % 1094 A3 & =4 o
BE2o e CD4":CD8™ T AlEQ] H]&o] thxtd nls fodoz =38 gl
T A (P < 0.05).
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3. AA AN HF AEE £HEFY FoAo] WE AEIH AAT IGEH
7k A9 53

HA oA FREFS] Ardete i dYHaANE syl sl A
ol A= 23] Fol & Salmonella enterica serovar Typhimurium< T4 #
(2x10%cfw & T FIAZAT ARG Fo] WA wgE xAlstgon, AFpA

ol Folt FYHEL AT 1 g ke Pk

U dds=

o] fAHE L 319¥) % 2042
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ST Aggue ERE 25°CE HAA7
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Fig 2.25. A AM5% 2 Bg
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Fig 2.27. S. Typhimurium Q374%. S Typhimurium< 722 % JAFZAEA 7= B4
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57 WA A4 AL FHeGh RE FelA ¥ 249 olF 3 A%
Agol gEsAod, TAMAE it TS mAth AW, AATE Aol
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Fig 2.29. S. Typhimurium Q¥ 79 o|F, =A< FAF AL A3}

3 &4 HF F, 299 4 A=

K

S. Typhimurium 1% 73 o]% =HA| 9 W& FAst] WY HAF =& Tanaka
(2010) &< el wet HAeE FAEAT I A, % 694 R npgp o),
TAEE Fo FEolA WO A AETF fAAche AEFE B sHAY, S AE
T4 A (P > 0.05).

| ™ Control DE ye drops O Needle injection O Needlefree injection]

Fecal condition score

5 7
Days pos t-infection

Fig 2.30. S. Typhimurium 1% 79 o|F, HX 9 £ HAl X,
4) T3 FF §F, BHoE HE= A7y F

4 AF o F, 3, 5 TUMel EWE FAs] Bweld Red: S
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Fig 2.31. S. Typhimurium FZAAHF olF, A= Wz EvdHe AdY + (cfu/
gram feces). 34 HF 3¢ Folt dET v FAESF AYT EFA
FoFoz AT 7t #F4E Ae A 5 A%NenH, 37 HF 74
FolE FAEE FA ZolA dE2Lol v AT 71 FAdFeE HAads
gl & AUe (P < 0.05).

(5) %49 ¥4 24

2 A% F 700 RE A4S GFAel 2P ANs dred 299
A4 24 53 393 59 B FANA F3 necrotic foci HAYL  AATh
Wk olgel, gt gudel 39 wma B @ 4 ANtk txzd wa FARs
o EelA oleld el sk kA ghgort, FABE FolwEiel Wae A
Qe Aol A ek thy AES T EAQ el molrt
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6) 2+ AN AT &

S. Typhimurium FZAHFE o]F 7dA e TS Arste] 343 Gtz dolA S
Typhimurium® 5% =4 sk =3 Aw, 0= A 7|7k AA EAROE F9A
QA Aol WA= &kARE, diERTel vl FAEE FARSE FHeA S
Typhimurium® <7} 48kla= &l & 5 Ao
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Fig 2.33. S. Typhimurium ZZAZE o]|F A=Y A7|= BIs= AFY < (cfu/gram
tissue).
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(7) S. Typhimurium F73 HF o] &, dxgdox T HEF oA XE vH|E (T cell
subpopulation ratio)

S. Typhimuriumel 1% #HAE SAA FA &5 WA Jts FA517] 93
HAE olF, 39 79 FxdNAe T HIEG ofAxE H|&,

=
As% S Typhimurium 572
CD4":CD8" vl&2 =333t

(b S. Typhimurium ¥AHE ©] ¥ 344, FAT5Y Fo BE HA 9 dxF Ao A
T PXF ol X Hl& W3
S. Typhimurium ¥ZAFFE olF 3UAS x| HxMe|r CD4":CD8" T HE
HES F4% 47, 55 AgFsoA gzt vl& mobds & 4 otk shA,
AR oS stk (P > 0.05).
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Fig 2.34. S. Typhimurium &4 A% 39 % (D+3), FAEFY Fo w& H=A 9
D2 A A T HET oA X H]& 3}

(‘) S. Typhimurium 333F o] F 744, $AE5Y Fo IE A9 D2 F YA
T YT olAX v]& W3}
S. Typhimurium FZAHF olF 74A2 HA Bz CD4":CD8" T AE
&S SA3 A9, B5 A tEolA tixzdtel vE Eords & & 3k kARt
SAA 49 Atk (P > 0.05).
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FS dolR 7] 93] S, Typhimurium 3A4-E o &, 7o wxddox RNAE
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Fig 2.36. S. Typhimuriumel] #2Z HFE 79 & DO+7) Ad3FA 2Fo AHE:.
Typhimuriume®] A¥ ZHE HNA Y A|EFRI B AFFS EH, FAF
BRTEA dizxTel Hl3] [FN—7y 9 Tdo] Aoz FA4 A
A& & F AT (P < 0.05). 3A9, TNF—alphatt IL-49 2d HE
A AL ele (P > 0.05).

FARE B2} A% S Typhimuriumol] Q1% #HAd #Hx9 A W glo] A%<
Aol mxE= PGS dotry] Y&l S Typhimurium H24 8% o] 343 7Y
e =HA

e =
2 HE o] &

o] 5
oAl o]zt el S H7Esltk. S, Typhimuriumel 1¥
glol axtyl FA o AES B, FXEE BRI tjxdted vl ¥
) 2 AAT AT, FAA Y2 sl (P > 0.05).
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D+ D+7
40 40 r
4
2 .6 | 9090 2.9645 | } s 2.8584
5 2.7533 £ 3 25077
) 2 2.4093 [ I & 25134
- 30 | = ]'
= =
2 3k | 2 a5 |
- - E
= ol - = -
§ 0 § 20
g Ls g Ls
g g
% Lo % Lo
Z s Z s
0.0 0.0
Control Eye drops Needle Needle-free Control Eye drops Needle Needle-free
injection mjection injection mjection

Fig 2.37. S. Typhimuriumel] 23 AF 3493 74 3, golaxdd &4 F7}

h WET 2E AN

o
(i
_V‘_I‘

S. Typhimuriumel] &2 HF 79 %, Dxday g+ IHEAAS AA
A 59941 #ol7F flas gl (P > 0.05)

|3 Control BEye drops O Needle injection O Needlefree injection|

80

T0

60 =
50
[

40 —

Lenkocytes (i)

1] [Lil"T‘l e PO G

NE% LY% MO EO% BA%

Fig 2.38. S. Typhimurium®l| 323 FAE 7¢ & D+7).

of W AFe AN FARE] Awde gAFl U $IY ZHE F37)
8] FaEelth 58, Fol wWlel WE wHo Aol Poprwiw 1 BAL T
AANN  FAREe gmdeel o FY BAE AR A FAREL
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olfAt=el 23] Fof (F<E &

Typhimurium 2x10° cfug AF AR AT
o
o

[e;
= = o\ u AEL e B | RS

o1%9 FPY5g WA I Ug F M AR eokshd o 2o
O AFH3}

dzze vla] $A85 Folrse Agel o, 53 $A8E FALY
AFol 7h wol Frkskith kAR, BAIA fo4d §ldth (P > 0.05)
@ A< W3t

RE ZolN AT 4D olF 3Adel 4G ALo) AR on, 1AL g
AR BAT AW, AYLE Alole) §AA Aol & wolA L ekgkr

FABE Fo] FEoA we HAAF AT Ahste AEFS B AR, BAA
TS Tk (P > 0.05)
@ 34 AE 35 E¥oz EudE= ATy F

4 HAF o] ¥, 3dAe= dxTed vlE BEeE w5 AgTddA Adel Ut
Foldoz Fastdon, 7TAdANE FAEE FARTAA diFRTel HlE foFoR
HAast Ae g2l o 4 Stk (P < 0.05).

o] Add HA Y A% 53] 34 I WY FH A T necrotic fociEs
gheldh = Qlth ¥t ofye), et E Ao T wek P & 4 QI vl
] 3| 5 FATEAA  olgdt Hel AHAwrF AsA gsroy, FAE=

S. Typhimurium AL olF 7dA FH& AAste] 373x oo
S. Typhimurium®| & 574 sklth. 54 A3, v5 A 7|3t &
TG AFel7E WA= kAR
Typhimurium®] 7} #2830 55 29l 2 5 3U3ATh

@ DA T HIEF oA X H]E (T cell subpopulation ratio)

S. Typhimurium 324 o]% 37 7AR ] Ao WxFMA CD4T:CD8" T
M HES S4s éﬂr *Hé‘—. AP TsolA dixatel HlE] =okdE & 4 Sdth
SHATE FAIA FoAS e (P > 0.05).

l'}l

S. Typhimurium FA3%F ©] ¥, Alo]EFIQl U5
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S. Typhimuriumel] 1%
WHHFEA diZze] Hls] IFN-y 9

T AAH (P < 0.05).

on

ol
=

N
NJo

0|

A5k, TNF—alphat} 1L—49]

S

Atk (P > 0.05).

ofi

S, Typhimuriumel] 1%

ol el vl

FoAdLe gt (P > 0.05).

<

A

© R E A

S. Typhimuriumel] 24 A% 74

e §o] A el zpol 7k 9leS

@ 2E

Flet (P > 0.05).

sols

S. Typhimuriume®l] 1%

|
R

St # A ol A

s} o]
R S

j—
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[e)

CO:
o
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4. PCV2¢} PRRSVe| FAld Q¥ AR o]FA=dA AA FA&52 oAdad

A I

A ol fAEAN A FAREY P
Be FWEe Wrhstn, IR wel

of 4

&

BF%) T 205 Adgdsta Fodst Ads= ARSARR ksl o,

o A E=S FAF £ E T+
B Ao AMEs BEe X585 (LWBV, Lipid Water Bee Venom)ol
Hyaluronidase inhibitorS 7}t (LWBV+i) dAEEZozZH LWBV+IS FEE
2.1mg/mlel At} A= 0.1mle] 95 F 13 (YA $ 3L AASHS AL FAF F-2 9
& 79 FE+= ey g2k

— Group 1: iz (A )z Control)
— Group 2: F%°]%¢ FAF* (Snout)

— Group 3: & EH9 FAS (Dorsal Neck)
— Group 4: "% (Tail base)

2} PCV2¢ #4] 9 Hlo]y A AFS £ Real-time PCR FH]

(1) PCV2 ulo]H A9 FH]

PCV2 nloleiA~ S48 AlEQ] PK-15 cell& 10% (v/v) FBS (Fetal Bovine
Serum) &+ 2% (v/v) antibiotics?} 7} %o+ alpha—MEM H|A| & o] &3t 80%
monolayer@ v ch wjkE PK—-15 cell?] wjfdS #AA 5, 1A 37°CelA
5% CO029 7O FE 107ttt rockingdte] wlo]lHAE FAAF oM, 5UZE wjekste]
PCV2E S48ttt PCV27E S48 Alx ZoiAas 33] A3 S53duE whaskglon,
olE st ATARS 3Fadlth. Fget Ao EAlskes PCV2e ARS

98-+ Real—time PCR W& A A3t

(2) PCV29 AZEFS 93 Real-time PCRY &3

2 Ao AFE3sk PCV2E =rule] PCV2e| A Eo HAAAS el =X =Z57E 29
ofe] FEFEA FHHFAPAERIZEH Y BE AS AESIGY. w1 w2
PCV2ZF¥ viral DNAE FE3}5°01, o]&E template®3t9] PCRES ©]| &3 SZ%&
2AEFE T 5235 PCR products= pGEMT—easy vector®] clonings AASHS 3,
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cloning® vectors % ¥HZ 34 (10" — 10* PCV2 plasmid copies/ml) o] 9T},
HFAoR FXMHE vectors: ©]E3te] Standard curvedE At HpolE A Ao
A3 T PCR¥ Real—time PCRS 93] AF-&3F primers®} probe?l sequence: o}
Table 2.1l 2|3ttt

Table 2.1. Sequence of primers and probe designed for the PCV2 PCR and
real time PCR
Sequence (5'=3")

PCV?2 Forward Primer

(PCR)
PCV2 Reverse Primer

(PCR)
PCV2 Forward Primer

(Real—time PCR)
PCV2 Reverse Primer

(Real—time PCR)
PCVZ2 Probe

(Real—time PCR)

CCA GGA GGG CGT TGT GAC

CGC TAC CGT TGG AGA AGG A

CCA GGA GGG CGT TGT GAC

CGC TAC CGT TGG AGA AGG A

AAT GGC ATC TTC AAC ACC CGC CTC

ul, PRRSVE FH] 4 nHlo]g A AHFS 93 Real-time PCR FH]

(1) PRRS wholgj29] &)

PRRS H}o]l#| A9 F218 A3EQ MARC—-145 cell% 10% (v/v) FBS (Fetal Bovine
Serum) &} 2% (v/v) antibiotics”} #7} FHojl+= alpha—MEM HIA|E o]&£3}9] 80%
monolayer® wjstdth. wiek®El MARC—-145 cell®] wjekalsS AA F, 1A7HE<k
37°CelA 5% CO22 OS2 10wt} rockingdte] wvlolHAE FFAIZ oW, 33Uzt
Hj¢ksto] PRRSVE 5’\];}030131 T2 o] Fel= FAst CPEZF A=A o5 Y
wFsto] Fodvh 3YRE Mikst PRRSVZE 419 Al EetAAE 33 A3 H53AuE
HHE5gl o O] ARt Asdus 37 ittt AT EAsks

PRRSV?] &S 93] Real-time PCR WHHS AFE3}% T}

(2) PRRSVY A& 93 Real-time PCRY ¥

2 Ao AFgst PRRSVE =ul oke] FEFEA Aty 240 wTEFE 2%
ke A (PRRSV LMN strain) = ARSIt 79 w2 PRRSVEZHE viral RNAE
FZ=1R O, o]lE template® 3ol cDNAE A5t o, 45 cDNAE template®

PR

[e) L%
3o PCR WS o] &3t T3%& AASAY. F3%¥ PCR producti= pGEMT—easy
cloning® vector® % #WZ 34 (10'° - 10* PCV2 plasmid
E ©] &3t real—time PCR& ©] 83}

vectore] cloning3t ¥,
copies/mD) sfo] FATh HFH = 3A = vector
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standard curve® Z/dE F wiolfA AFwFe] ARESFIth. Viral DNAZH-EH DNA 5%
Al ARE-3H primers: olgl Table 2.23% Z+om Real—time PCRES 9|38 AFE3F Primers

Table 2.2 Sequence of primers and probe designed for the PRRSV PCR and real time
PCR

Sequence (5'—3")
PRRS Forward Primer ATA ACA ACG GCA AGC AG

PRRS Reverse Primer CAG TGT AAC TTA TCC TCC CA

i)

v, PCV2¢ PRRSVE 34 HF

=
s

Foekgld 20mIy S vt o®E HESHSlh o] o
2 1 X 10° copies number®]™ PRRSVe] &2

29l o] AABIYTE HE A PCV2S}

=

n:Zi

PCV29 PRRSVE &3 HFS
PRRSVE] el e Egtatel ol fi4)
AR HE N 20 mive PCV29 ¥
X 10° copies number®]t}.

g

o]

¢

03# FPﬂ oftt

Ab. PCV28t PRRSV &% 34 AHF o] ¥, @9y As

A g4
Hfele] s Z3 34 HF 4Y & D+4, BA FAES FAF 64 jr), 731 ¥ a8
[
= FA%

& s 9% eeladde B4 W ufo] ¢ 22
419 olFRE YETel M BH FATES golaxqd ﬂﬂq Z7bshe
53] B9 FAbEel oleld Aol YT (Fig 2.39).
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30 r O Control @Snout ONeck OTail base

b
in

=
=

Lysozyme concentration (pug/ml)
= -
¥ ¥

=
=

4 7
Days of post-infection

Fig 2.39. PCV2¢} PRRSV &% ¥4 HF o|%F, dxdE 8 U o|AaxYd &4 H7L

Hfele] s 3 w2 AT 49 Fob 79, 129 Foll BAMomRE APE AAste] wx
ol o] WA 2 AAE AAEe 1 A, #ARE Fol Tl B9 AR
ol FARE FAEA BE nEe Folme Wi gEgo] ulgo] Frbehs
g wov, 58] 4dxpe} 7R o2fdt Fgo] FIEHA e Ae FAT F
A3t} (Fig 2.40)
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D+0 BControl  BSunout  @Neck  OTail base D+4 BConirel  BSnout  BNeck  OTall base

70 50
60 I 70
= 50 P %
2
2 < s
@ 40 P
g 30 | g
£ g
W 20
1 F 1
0 | ﬂ_&_— 0 e
NE LY MO EO BA NE LY MO EO BA
D+7 SControl  BSnout  BNeck  OTail base | D+12 QCmrel  BSnout  BNeck  OTail base
90 70
80 60
70
50
$w §
< v
g g%
£ a0 &
- w0
20
10 10
0 e 0 | Beners ﬂ'!
MO EQ

EQ BA BA

Fig 2.40. PCV2¢ PRRSV &% ¥4 HF o] &, olf A=2 #3F 7AE A4k

(3) &2 8N F T =T o429 v & ¥

PCV2¢ PRRSV &3 HF 49%, 74 a8, 12959 ZF giz+3 Ao RE
oA=L Ao g RE AYS AAFR O, BxrFMo|A T YL oA E H &S
FAIE BT 5 o] g5te] BAET 11 AY, 34 AF F AV AA diEatel vl
F=o]l B FARLY wE FAMES CD4T/CD8T ratio’t E7tete ATE HY oW,
E3] 34 HE 4, 792 o)A w|ZE FAMFY CD47/CD8' ratio’}t EAZCE FoA
WA SVt AS AT & St

60 O Control @Snout ONeck OTail base

40

0 r

20

CD4+ T lymphocyte (%)

10

0 4 7
Days of post-infection
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R O Control @Snout ONeck O Tail base

0
g 25
-
B
s 20 }F
=
_E. 15 |
=
%
2 I
o
5
0
Days of post-infection
4.0 r O Control OSnout ONeck O Tail base
35 =
3.0
=
m 25
i
%
2 20
&
=
=+ 15
=
&
1.0
0.5
0.0 —

0 4 7
Days of post-infection

Fig 2.41. PCV2¢ PRRSV &% F3A HF o] %, olfF AE9 AxdIY T HF=ZF
O X9 v & nXE AA FREZ Pt

(4) A QA Al E7H Eds BTt

PCV2¢ PRRSV &3 HAF 49%F, 79 183, 124%e 72 dzsyd Adde e
olffAt=e] Ao RN AES HAEoH, BxYHoA HEZFE Fes & RNAES
FE8hal, FE%% RNAS B4 cDNAR §Hskgith. 4% cDNAE template® AHg-8ho
Real-time PCR WH<& %38 IFN—7y, TNF—a, IL-18 cytokine?] tjz o3& A=
S8t O AR, ¥4 HF A4ATH Ee AllEIRIY] X7 Frtekglon, 53
Tool F9 FAREY I FARES AtolEFRRI FA7F FA Al SUHEE gR1E &
At olH s AT T HAE 129 I7A AEH o IFN—y leveld} IL-14 level?
BG4 /T A7zrel AA dixtel vlE] FEol -9 FARCY wEH FARCOA
TA7F FAACE fFoA A SRS G ¢ ATt (Fig 2.42).
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IFN-y O Control ASnout ONeck O Tail base

Relative mRNA expressionlevel

%

Relative mRNA expressionlevel

30

25

2.0

1.5
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0.5

0.0
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1.5

1.0
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0.0

0 4 T 12
Days of post-infection

BControl @Snout ANeck OTail base

0 4 7 12
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]I.—lﬁ B Control OSnout ONeck OTail base

20 } &
£ 3
15

1.0

0.5

Relative mRNA expressionlevel

0.0

0 4 7
Days of post-infection

Fig 2.42. PCV2¢ PRRSV &% ¥4 HF o] ¥, olf A=9 Alo|EFFQl AH IS W3l
of. PCV2¢%} PRRSV &% 574 HF o] & 559 vHlo|yA AW st 35 H7}
1) 42 Al ¢4 &7
PCV2¢ PRRS Hjol#|~ 23 F7 HE: 5 129 ol RS AAso 7z #7H9
e WHAolE Eelagivk. 1 A delA PCV29E PRRSel 93 #Hy Aol
ALl on oo 93t o F&E ¥w W #H A3} 5 Fadd = A

- 121 -



Control F@entrol " Control

ail | Tail | Tail | Tail

.

Fig 2.43. PCV2¢8} PRRS &% ¥4 HF ol%F, 4

o
oft
ok
o
rO
)
okt
(&
o
fo
rO

(2) PCV2¢} PRRSV &3 54 HF o] &, €9 Y uvlo]yd A FAF (Viremia S3)

PCV29} PRRSV &3 34 8% ¥ 29 o vlojels A2 9] 49, 79, 1127}
xole AFste] WS Telsdrh @Y P F real time PCRYE ol §5to]
selA 714 PRRSS PCV2 A=l @9 fal AN Adudd 598 gHow
Hpolel s Aee A ST
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hH @9 U PRRSV Hlolg]A A%

PRRSV &7 AT 44 FH4H %0“ Ul wtelelas A= & 4 odgled 79 Fol

HuAE dehd F Aachs A%s JEdade £ PRRSV ¢4 A 4d Fell BE

5 ARl del PRRSVT7} el wel Ao Fags #9498 5

sislom, ol AFE A HET Td Fob 129 Fek ASES AT 5 Ui

53] Ulel‘% ﬂz—*}%ﬂ B¢ w4 A 7Y Al izl wE fFoAd A A o
: AT 5 AAH (Fig 2.44).

B Control @Snout ONeck O T ail base

PRRS genomes in serum (X103 copies/ml)
[

4 7
Days of post-infection

Fig 2.44. PCV2¢ PRRSV &% ¥4 HAF o] &, olf A= Y Y PRRSVZHE ®3l
zFd & EEAHEFS ¥F PRRSV/F ZA4ss AL Jelow, E3]
g 4 A3

7943} B 2F FARES PRRVEFZF F94 QA ZaEE g

0
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(3) PCV2¢} PRRSV &% 34 HFo] ¥, 4 Al 7+ Z7] & vlo|xA FF

¢ drAe AR F, ol
Hlole s A@e AAEAT. wo

Abgake] A3k,

PCV2¢} PRRS HjolelA &3 374 HFE 129xo] AL AAste] #, A%, 71&5M,
= olg3] 7|l &A= PCV29 PRRS Hpo]# A2

122 A2 AolA 71=e real-time PCR d&FW=

b 7] W PCV2 ulo|g A A&

#H, A%, 7FEA, 718 ®fxAdel| EAskE PCV2 wlolelAE kst A7 #HoA PCV2
Hhol g AE geld 4 Qe n, EE &5 FARCol dxdel Bls #Hue] PCV2
wpolelsgrol foldow TaadUth B3 FEol FAREN w2R FAE PCV2
npo] g agfo] txyre] Hls & Fo® [UAaTS At (Fig 2.45).

PCV2 Viral clearance (Lung)
160
140 |

120

100 t

=
=

PCV1 genomes (copy numbers/g)
£ 8 8

(5]
=

=

Control Snout Neck Tail base

Fig 2.45. PCV2¢8} PRRS Hiolg A 3 34 HF o] &, o|fF A= #Hul PCV2 vloj8 A
A% A7, gz HE BEFAEY PCV2 vlolglAgo] §4 A ZAATS
gelgk 4= i),

>
o,
off

(\H) 7] Wl PRRS H}o|

#H, A%, 7F&A, 7
PRRS w#foliAs &
Hpol e Agko] -84 ©
PRRS Hfo] e AgFo] o

r
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PRRSY Viral clearance (Lung)

L

Contral Smout

14,000

12,000

16000

8,000

6,000

4,000

PRRESV geivoties (copy iimbers/g)

2,000

Tall

PRESV Viral clearance (Thymus)

]Iim

Control Snout

500
4,000
3,500

3,000

2,000
1,500

1,000

FRESY genomes (X107 copy numbers'g)

500

Fig 2.46. PCV2¢ PRRS ulo|#®|A £ 27
Hlo]& A
Pd i

Fa & Ak

PRRESY genomes (X100 copy numbers/ )

FRESY penomes (X 10" copy mumbers/g)

AF 23 dzTdd HlE =

PRRSY Viral clearance (Bronchial Lymph Node)

3500 ¢

£

g

g

1500

L0 F

g

Neck Tall

Control

Snaut

PRRESY Viral clearance {Tonsil)

s

Canlral Smout Tall

LELTT
B4}

7000

LeLLT
3, (WM}
2,1MH}

1, (6K}

AF ol ¥, olf A= A7l W PRRS
FARES &7 W PRRS Hpo|g &7}

2t AA FALEZ HRA A PCV2% PRRSV &3 7o dist s HI9 Fo
A9 F3
(1) AA FRE=Z9 HRA A PCV29 PRRSV £33 7+ A "dd%d n|x= 93 Hr}
7} grolAaAY 84 St
= AN = A B5 HE F PCV2sE PRRSVE ‘?;; aAA A, w4 AE
Aol Hlal 4 HE 4, 7, 129 ZTo Tt vl EHE AETo dF glol A4
ol Frlele AES HYow, 53 HES —?A}%oﬂ olgjgt Hgko] EFEH
el S 3dE 4 38l
Y. F=T v &9 U}
PCV2% PRRSV &3 #AHF Fol Feol ¥ FARCY v|2F FAR S F4354
W o]l vl E2 FoltE Wi Y GO H]go] FUtehs AES Hlow, 53] 4439}
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TArel oleld AFo] FiletA e Zle A = Al

th. CD4"/CD8" ratio®] F7}

FAREC CD4"/CD8" ratio’t S7bshs 43Fe milor, 53 24 AT 4,
) =l

TE FANES CD47T/CD8” ratio’t EAACRE oA YA Ertste A
=3

2}. IFN—gamma®} IL—-18 leveld 7}

PCV2¢e PRRSV =% FAAFT T, Uz H&] Fs° 78 FAY v
= 7

g

32
32

[L—18+ AAZA Alo]lE7Fe = shZ PCV29 PRRSV 774 A nlolgj A7E AU 9
HALS oolglo] IL—lﬁﬂ T 7 A= Aow oE A Qut 24 AE 4 HE
IFN=7y ¢ IL-149¢ FA7F S7Fstsl=d, 53] T30l 9 FAT I udf FARS
APl ETRRL FA7F 204 A S-S ElE JdRom olyI AT FA HE

129 F7b4 A %59l ch,

Lot
A 4

(2) BA FAB52] =HA A PCV29 PRRSV £3 ¢ Al &5l vX+= 9% F7}

7F 49 J PRRSV Hlo]gAF9] 74 9l

PRRSV +4 HAE 44 F5H 4 o wlolgfxs A & 5 Qe 7¢ 34
HuAE YEdH § ashe A WErdith B3 PRRSV 34 AF 49 Fo B&
B= FArol g ] PRRSVHo]l tixdel Hla Fofow 74ass seld
Ao, oyt HIFE ¥4 HF 7Y ¥ 129 FoE AHHES AT # Aok

. A7) Ul PCV2 vpol# A9 7+ <l

PCV2e 8 #4 A7Il #, Ax, 7I&A, 719 "Z Ao EAjsk= PCV2 ulolg|AE
st A3 oA PCV2 wiolH A& S%J% T ANeH, B 5 FARCO] gz
Hla #Hue] PCV2 upolg]Aazko] FoF oz ZHAsct E3] F5o] {9 FAEY
u) 5 FARES] PCV2 wlolg Aol x| nlg] & ZHow 4tk g

A AT
ok Z7] Ul PRRS Hfo|H A9 Za 3l

b4

ﬁl, A%, 7HEA, 711 2] 3 A of
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3 HAF 22

o

A A B5S olfAEC] FAF T PCV28t PRRS vhel#ix~gE ¥4 HF sile o,
FEol F-ololl FAREE b miho] FARGE el A tiEae] Blel o 7HA| &3
gzt = Ae AT S Qdge 53] % folaAde] @4 7 CD4T/CD8”
ratio®] S7F W IFN—gamma % IL—14 level® T7Fe #2942l adrt Sl o=
Bzdn, =3, GA A T5 FAF A dF Ee 24 AV

7bsAelM PRRSVZE adhs #eld 5 lgledl, 53] v
F4 7oA brolel A 7 FoA A TS T 5 SdTh

(o]
=
o
[&l
i)

-,
kit

-
O
<
\S)
1o
o)
=
=
0P
<
)
)
o\
>,

e el g 4
o WY

HA e &5 FAF Al @

- 127 -



5. Bovine rota virus, Bovine corona virus, Escherichia coli, Salmonella Typhimurium
23 JAFAER FotA A HAA FAEF AHaT

7. 28 =3

Bovine rota virus, Bovine corona virus, Escherichia coli, Salmonella typhimurium®|
FAol AT AR FopAolA FA FABH AWEAE FESRA WA Wl o
ol A9 2483 Wl Sokd FAE AA sk

L]' éno'ﬁ

Fob 27%) F 658 Aatistn Fontis AUFE ASAZ QAo WA F

& Y 354 2702 LhEglth
o AR5 FA R Be T £

H Ao A AFESE BE52 X855 (LWBVY, Lipid Water Bee Venom)©l] Hyaluronidase
inhibitor& H7FHLWBV+) HdE=02H LWBV+io &= 2.1mg/mlo|itt. FA=
1mle] F3& F 13 A F 192h) = 59 a5 k3o

— Group 1: tF+ (A& FAbH
5

— Group 2: AT (AA £AEES I3 FAD
g ATA¥S AT & EEpubelE L vk} FE 3l Real-time PCRY ¥
(1) Zepulolejxol Fn|

FZEpppolEl A vjekS 98] TF—-104 (African green monkey Kkidney cel)< 10%
(v/v) FBS (Fetal Bovine Serum) <+ 1% (v/v) antibiotics 7} 7} o3+
alpha—MEM®BJA] & o] &€3Fo] 80% monolayer’} HEZE wjeksldtt. 80% monolayer”f
H == wjoky TF-104 cello] vlold] A~ HEF A 10ul/ml %9 trypsing 307+ &A1 7]
T, ARl AE 0.1 MOIZ cellell HEsk3lth 1A7bs_E 37°C, 5% CO:.9] F31olA
HjoFsly 104 2}7—13& rockings AAIeH F lul/ml F%E° trypsin®d 1%  (v/v)
antibiotics7} ¥ alpha—MEM®| A& FH7}stal 37°C, 5% CO.9 xzlo = wjjeksto]
virusg S 2AZ
(2) &ZEpaolglA AFE $13 Real-time PCRY &3

joFst A ZERnlo]l Y AZFE viral RNAS F&3 §&, 339 Y%+ primer set:E
o] &3t PCR <X& AAs3Y. F3%% PCR product:= pGEM-T easy vectorel
Aelatd o, A E plasmidE 10°-10° copies® 2 10—fold dilutiond}o] real—time
PCR9] standard® AFg-3}t}. Real—time PCRO| AFE-¥ primer$} probe? sequence+
ob#ll Table 2.37 %t}
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Table 2.3. Sequence of primers and probe designed for the BRV PCR and real time PCR

Sequence (5'—3")

Rotavirus Forward Primer TTTAAAACGAAGTCTTCRACATGGAGTCTGTA

Rotavirus Reverse Primer TAATTGGTAGATTACCAATTCCTCCAGTTTG

Rotavirus Forward Primer GGATGTCCTGTACTCCTTGTCAAAA

Rotavirus Reverse Primer TCCAGTTTGGAACTCATTTCCA

Rotavirus Probe FAM—-ATAATGTGCCTTCGACAAT-BHQ

. HEAES A% & ZEYnbol A wjgd &KX Y real-time PCRY S &
(1) &3 Zvulol# A9 FH]

AFEUEbo]lH A wE 8 HRT-18G cell (Human rectal tumor cell)& 10%
FBS® 1% Antibiotics®] #7Fe DMEMS A3l 80% monolayerE HA3t== 37T,
5% COxo A wiekstaict. viF®l HRT-18G cellE pancreatin®l] 30%7F #ZAI71
AFmzuhatol Y AE FFSATE 1A1ZE Bt 37T, 5% COzolA wiekat, 15% 114
rockingdt &, HEZH 0% DMEM (bug/ml Pancreatin, 1% Antibiotics)S 7}
37T, 5% COzelA meF3lte] virusEs T2 AIZ T

(2) & ZE ol H A AFES ¢ Real-time PCRY &1

HjeFsl AFRUnlo]lel AR E viral RNAE F&3 ¥, 3E49] YollE primer sets:
o] &3t PCR FTE%ES AAsIT. 5% %F PCR producti= pGEM-T easy vectorel
Aelstgl e, ATAR plasmidE 10°—10" copies©® 10—fold dilutiondl®] real—time
PCR9] standard® AF£3}%t}h. Real—time PCRo| AF&%¥ primer2} probe? sequencei=
olg] Table 2.4%} 2t
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Table 2.4. Sequence of primers and probe designed for the BCV PCR and real time PCR

Sequence (5'—3")

Coronavirus Forward Primer TCTTAGCTGTTGACTTTATTACCTGG

Coronavirus Reverse Primer ACATAAACAGCAAAACCACTAGTATCGCC

Coronavirus Forward Primer CTGGAAGTTGGTGGAGTT

Coronavirus Reverse Primer ATTATCGGCCTAACATACATC

Coronavirus Probe FAM—-CCTTCATATCTATACACATCAAGTTGTT—-BHQ

Hh, 4317 Al £

oA e AFE3E A2 Enterohemolytic Escherichia coli (EHEC) &}Salmonelia

Typhimurium 2 BHI brothel]l 4] 3 PBS 3X3ste] 2= AAsto] 237 34

Aol AHgstalvh

AL &237] BEAY FA T4 HEF

Al Boakel A Ashy] WAl w4 34 AFES A A 5 dst FAE
19 o AANFHAY. HLdAE 34 AF 7l ved #Zon ZF HdAds 20mlY
et F 80mle WHAE wAOl AR ¥4 AT Stk £ Al ARS8
vlolg <4 W YAl Bovine rotavirus® Bovine corona virust #HYAS UER
2RFE EE opg BIAFEA AddEn 2R myRFEH 2Y owe AL
Abgstgth A M AAQl Enterohemolytic  Escherichia coli= H94S yERd

o]

ARVE RYE T opRUFEE FURMHIRRRNE B Wol A

Salmonella enterica serova Typhimurium< ATCC 13311 straing AFE-3}t).

oo
)
3

o
=

Salmonella enterica serova Typhimurium ( 4 X 107 cfu/ml )

Enterohemolytic Escherichia coli ( 1.4 X 10° cfu/ml )

Bovine Rotavirus ( 2.4 X 10Y copies )

Bovine Coronavirus ( 1.2 X 10Y copies )

of. 2317 BHEA & 34 HF o ¥, 2y W3

(1) 8F Hol&Ad Y 573
T

24 A% 402% 2% 4% F sl tzEn A9w9 vE Solxe 4w zyy
ALe ANsgor], FPe Bestel 84 W golady BHL FYsArh 1 2

- 130 -



Szt v ZolE 1 & 5 gldvk (Fig 2.47).
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EFATY B SRl 4TS AT 5 Qi)
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6. AN BE=AAY Salmonella Typhimuriumel] ¥ ZEH ol FA=oA ALad
7F AE 53

PLGAZ &5+ P MUY S5AAe] iAol drdzte] dizt 383y adts

. AREE
AL (3FF) 204F AdUTE FATNL AVFE ASAZ QAFACH, A
Folc @4 P22 554 47O rct
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nanoparticle® TR ALE FEAAoH $EE 2.1mg/mlolAtt. &5 FAE YA F
3¥4xk 0.05mle] F¥=2 F 13 A, FAF Foe 1x AN 7P ®A o]
golsta Wsgd Fgol =A el vE FE AHste] AT o+ w2Ee
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Fig 2.57.
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Fig 3.2. A8 =3 AFXE =9 SDS-PAGE
t}. SDS—-PAGES &3 B5dud 9] 3l

AREF AzBE EAsH= WA zo]Z elsly] st HA xUS s
&l thekst Peje] SDS—-PAGEES S35t S

20% Tris-Glycine SDS-PAGE 16% Tris-Glycine SDS-PAGE
. us e us e
o = BES

50 25 125 625 50 25 135 625 (ug) kDa 50 25 125 625 50 25 125 625 (ug)
elb-4 3 3. B B Ko
50 : =
'8 EEEITgE
20 % > - :
30
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s | S e
20 [

Y = LAEL LT
m"‘v .2:"‘

16% Tris-Tricine SDS-PAGE (x2=) 16% Tris-Tricine SDS-PAGE =)
us e (o us AZE
kDa

50 25 125 6.25 50 25125 6.25 (ug) 50 25 125 6.25 50 25125 625 (ug]

100 (IS8 @

—s = o Wl 1 il
70 - 5
50 | — e
el —_ -

i‘h,- be TZ - ii!
12,__““ ‘._ ol v 'u_

Fig 3.3. acrylamide?] 5%, ¢899 XA wE EE=gdwgo] SDS-PAGE

melitting 3 U#] 7kDe] ZgHE]=g24 SDS-PAGER #3d}7] o8¢, acrylamide
FTEE 16%, 20%= S7HAA AP Ay Bx5o Fo oAl 154X 16%-§5E7
Agsicty FHgES (Fig 3.3). T3F gel buffer2A] o] AFREE= Tris—glycine

il
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buffer®} small peptideel] 3t =& A ES Ho|E= Tris—tricine bufferE Bl w3t A3},
melittin®] ¥4 o= Tris—tricine system©] Zgsltty ety gle

oAzl 7k A719s W T 7PE Wol AHgH= SDS-PAGE= ©@¥ide]| SDSE
AN F ANRES T4 F=o2 AWML Q5. basicdt @A £4e7] S8
T e (oA 3oz A oR AV|YEste Wl acetic acid—urea PAGES
AlEsiglon el EHor FEsh)de Rt B2 dAE BelE (Fig
3.4)
Tris-Glycine Acetic acid-urea
10% SDS-PAGE 15% PAGE
7%%%15&%% “\0“'@‘ Pg%% @%%

kDa 2

240 i
140
T e

Fig 3.4. SDS—PAGES$} acetic acid—urea PAGE

2k ojatd ArV|gTHe &

ME = (80ug) HEEE (80ug)

————
pH 3 «—————pH10 pH 3 pH10

Tris-Glycine buffer system Tris-Tricine buffer system

Fig 3.5. 239 A7|9 &

SDS—PAGE®} wlzt7}X|2  Tris—glycine buffer®} Tris—tricine buffer system<

Bl W&k 3,  Tris—glycine buffer systems A#s7]2 AAsA 5. 239 D719 59
PNEE F7HA 7171 Y&l isoelectic focusingX] gel®] rehydration WHES B 23S
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(Fig 3.6.). cup loadinge & 7% loading3t Ao we} oln|x]o] W}y wAYstel 7]
H
O

wFof in—gel loadingW2lS AFgsH/|Z2 AASES. T3k 50kD o] acidic

proteing°] HEd &= LS /MASH] Y&l protein FAHE AL oY, dF whulz o]
3225 A oko} AA EE Gulg o] golo= RASsItly FhE S

Cup Cup

b . g

Cup
loading - &
. . >
= -~
P
pH3 +————— pHI0 pH3 «—— pHIO
pH3 «—————— pHI0 pH3 +—— pHIO
s 20— : e
7 100 = b J
. o [ 5 -
. w .
In-gel |~ 0 - |
loading -* \ ‘*
~ . 15

5
P

After clean-up

Fig 3.6. A|89 loading® o] W& 0|z} A7|9% A

ool AL 7emANN Y gel AHEH A, 18cmA7N9 geld AT A, mr}
ASE (Fig 3.7). 22k 17195 AgddaE FFato], in—gel
loading3d}il, Tris—glycine bufferg& AF&3to] SDS—PAGE3}IL

loading W2 S
A st 22H9 A7 s wAAHS S,

Coomassie

dE=

" 400ug T eooug 600ug
Fig 3.7. large gels& o] 43 o] AV|9F 2

- 152 -



"}, peptide mass fingerprintE o] &3t B5 wilz o FF

Iab i 2abg A71GENOR Reld BEEmde] gy R as EJAS
Azeta, 2 AEE ANS AREAY o BAde] Bude FHAUL (Fig 3.8)

bee venom of bee venom
@

I 1-DE i 20 |

l Image @ang[xsis I

l Spot picking (Gel slice) I

| TrzgsinEgestion I

| LC-MS/MS |

&

l DB search |
| Protein identification I

Fig 3.8. T2Ho9A 748 888 AZLED JLE 2453

(1) 2249 271957 LC-MS/MSEA

MEE

150 »
100 »

0 »

50
40 »

30 »

20 »

15 »

10 »
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150 »

150 »
100 » 100 »
43 43
30 - 30 »
20 » 20 »
15 » 15 »
10 » 10 +»
HX0] o
[e) =

AEe=md AxesS 2247 sHer Eesta

=] = [e]
RS

SDS—-PAGE=Z ®#43t A3+ Fig 3.93% &, o & +
Efon wwde spRaste] EYRys x4
EAste] BMATH S FARHAS,
A7) EAe] g8 shedsle fEl= dWELS nano-HPLCE WElsha,
AR os BA3 (Fig 3.10). A3 B3—-23¢] O3t Add3= v23 22,
(A7 Mascot Search Results By i
QHF 1E|T .
"v\ howob BN 13 ?
BT T
1 . g i 'T T L3
B \ i
i I :.‘.:' | b .} log -L y |.J |.I Jl‘.'l -‘JJ!. 'J. "‘!‘. g bl Ilj
L . — — 4 200 o0 [ B0 1000 1300
WV e e e o R L
1 1840708 E14385) v
l. R2L0OPEL 111 Qg7 G IITERTH GO6.3025: 11045
!. NATISOR 1T 0100 1121241 166 84T Q|11 ATAT 47770
12 L 1a8EITH 5 E 762
[ 3 14095 447, \'\o‘
.\l HH‘.-I ] I\Sli 3
B68 3546 434 AR, B67.3705 bi]m [ #1839
TR 0 seeald et £ w2 i}
T14 556 2390|1098 4445 549 7260 1007 4606 49230 T 3611445 181.1250 HiZF
| 1225 35548 414 TEN4 1211 5289 6052481 1210.2429 EDS'TTM L 200949 306021 2421700 122.0888 2
m UK 1t taoen 1300683 65 8465 | 1

Fig 3.10. Representative LC—MS/MS spectrum data (spot number B3—23)
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= Aol e FHa S (Fig 3.11).

Queries mAtched: 10

Fig. 3.11. Representative data of NCBI database search

719k S AP 7o Agtsel s Fddte] tHE B dMAES ved 7
(Table 3.1). =9 FATo=E oz #Zgdd 2xd dA7|Y9dsHoes g
Sl =d], mature melittin®  pl7F 11.340]7] wj&of isoelectric focusing® oA
kHZF O R o]Fdte] Aoa LAY WFEOoE Al H. t}E FQ wwAQl phospholipase
A2, hyaluronidase "% venom allergen acid phosphatases= &= ¥k o]z}
AEBEAAE FAAUS. T 049 29F PR WAL BT 85AG0M, oF F

A Zoqnt  golgl oA gluycosylceramidase 1, icarapin—like  protein,

o

vitellogenin—3, WD-—repeat protein, royal jelly protein 1, 8 & 9, serine
carboxylpeptidase, venom dipeptidyl peptidase 4, carboxylesterase —6 ©°|3l<. 53]
serine carboxylpeptidase, venom dipeptidyl peptidase 4, carboxylesterase—6+
hrra BYS 2 awAzA 2R APl @uwAd gt dojdrhs

S S

=
3

Table 3.1. 2x¢ AV|FdsHoezE E3 B59 dHad AE Q9% (@) pH 4-79

(a)
R spot Name score % MW pl
1 192 23
a5 2 Venom dipeptidyl peptidase 4 567 39 87.8 5.72
3 206 19
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4 226 27

5 253 20

6 234 15

7 Glusoylceramidase 1 85 8 59.2 5.34

8 312 32

9 284 25

10 175 21

11 199 23

12 |Venom allergen acid phosphatase 273 33 43.8 5.63

13 678 52

14 589 54

15 483 44

16 98 10

17 134 21

18 Icarapin—like protein 76 11 24.7 4.51

19 98 26

20 Vitellogenin—3 38 2 200.9 8.44

21 WD-repeat protein 55 7 96.9 8.15

22 |[Venom allergen acid phosphatase 83 10 43.8 5.63

23 Eps8 50 1 107.2 9.06

24 Phospholipase A2 121 24 18.4 7.18

25 TRIADDRAFT 52 5 34.7 9.75

1 ATP synthase 87 14 50.9 5.18

2 —

3 280 24 43.8 5.63

4 Venom allergen acid phosphatase 299 33 43.8 5.63

AzxE= 5 305 18 43.8 5.63

6 —

g Phospholipase A2 17139 %(2) 18.4 7.18

9 —_

(b)
A5 spot Name score % MW pl
1 ) . ) 136 18
5 Venom dipeptidyl peptidase 4 571 53 87.8 5.72
3 phospholipase A2 230 44 18.4 7.18
4 Venom allergen acid phosphatase 104 11 43.8 5.63
5 phospholipase A2 198 27 18.4 7.18
6 Venom allergen acid phosphatase 68 7 43.8 5.63
7 phospholipase A2 127 57 18.4 7.18
8 78 13
9 ) . ) 183 27
P 10 Venom dipeptidyl peptidase 4 151 51 87.8 5.72

11 184 26
12 ) 128 27
13 Venom allergen acid phosphatase 171 19 43.8 5.63
14 -
15 —
16 royal jelly protein 1 219 27 48.8 5.1
17 royal jelly protein 8 81 10 46.9 6
18 ya ey b 103 | 15 | 46.9 | 6.54
19 serine carboxylpeptidase 62 9 53.6 6.65
20 Venom allergen acid phosphatase 502 45 43.8 5.63
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21 252 41
22 ) 2127 51
53 hyaluronidase 105 36 40.8 8.67
24 icarapin—like protein 101 31 24.8 4.51
25 phospholipase A2 209 27 184 | 7.18
26 —
27 -
28 phospholipase A2 81 18 18.4 7.18
29 -
30 —
31 168 32
32 123 27
33 183 27
34 380 27
35 phospholipase A2 137 27 18.4 7.18
36 163 27
37 109 18
38 83 13
39 70 13
40 79 7
11 carboxylesterase—6 71 7 63.5 9.33
42 ; | iellv brotein 9 248 41 48.6 8.7
13 oyal jelly protein 133 11
spot | Name score % MW pl
1 243 37
2 ) 168 32
3 phospholipase A2 134 33 18.4 7.18
4 147 27
5 ) 112 19
6 Venom allergen acid phosphatase 150 59 43.8 5.63
7 286 | 33
AzRE 8 Hyaluronidase 290 89 40.8 | 8.67
mome T 9 +phospholipase A2 191 37 18.4 | 7.18
10 2 | 88
11 219 44
12 105 40
13 ) 212 50
15 phospholipase A2 531 31 18.4 7.18
16 268 40
17 139 35
(2) SDS-PAGE$} LC—MS/MSE4
Axe53t Ae5S SDS-PAGES &d Telsto]l Aes £ Axgsd Sojdew
A G AS FHoR FdkS (Fig 3.12).
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dried fresh M

kDa

[ —— wiy | .
=1t

Fig 3.12. A8 53 AZE 59 SDS-PAGE

Azpsol wal AREelN BASH: $AF S0kDole wMATo] HAHYE. o
Boldel mizss e EfMos  JeREstal LC-MS/MSE 2435k
[e) =] o = [e)
dlolefrlo] 2~ HAS Sl ddS 545305 (Table 3.2).
Table 3.2. SDS—PAGE gelsolA] £3d 59 daid AH&E Qo
5::t Arr. Mo protes rame %‘:. Al Scors. Nricaly  Sequencs
A qUIIOTSATIE :Tgi‘;m:g‘éﬂ?ﬂ:ﬁd'“ﬁm“d IEPs E3S. 33 TEMAE  RSLTYRGNVDTH I MATF O GO =
oz 244pI82  RELSLLONTEQYLNIL ARDT SR
o LEELIEE  EIVSSOVARATEIALADEC
4z %I KOVCADFAYFIGEAGFEENMELOGEE
£ gUIEEEIIDE  wheicganin 0090 B35 7T 26%FS1 KELFGUANELIDSSNMFVHATLEKS

ITTEMEDT B FMMAI TR HE TR TGO TR RVIRCL

= o PRECHCTIO: si— bar Lo Srordesin on sofyacne i i3 empres PHEEEEGEERG MG S EEEEEMNEEN
e AL aEN puffs DG4S PD iscform B BILIX g ASEED MGG R GGG G0 Ba P M NS BT PG RE
o R GMMEEGEE GEEAIEE MM GG G G EEEEEE00
e LA COCGoaOLA TN ECGRMIPCRE G
D gQijl1a0sssss. PREDICTEOC siwdlan ko fotan CRL1330-P8 AT 87 25 SR RGOSR CPIATT WG LA M AR SR RS CLCF TR &
" i FREOICTED: si=vilar bo Imagina i ciss groesty 2 5 Shinn " P L e
E GQIEIITTIEE] fartos £ CGATEOPA bodom A, part i A1FEs B3z GD NI ENT  CINUGESErEOFDOETHEY
51 3031 58E KN GIGEREDFDCETHEYLWVITETSOER S
0 ITHLSE  RLLAPMIDACHLFTFGET
I8 HFEOEGL KL LGP TOGRFEAIS P TNT PO LB Y SEWCE R

'R

ITSEIS  EGLESYAYDLELCOFRS

= blue common bands in 2oth preparation

(3) Isoelectric focusing (IEF) ¥ LC—MS/MSE4]

oX
M
il
Mo
Fr
K
-
ko

AzxE =53 AFS5S isoelectric focusings Eaf wwz
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45— J<— 12
4.2 — -
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=
Fig. 3.13. &5 AXE 59 isoelectric focusing

S zElYo] EfAIC R JEREE 1 LC-MS/MSE A8k
A3t (Table 3.3).

- 159 -



Table 3.3. IEF gelollA] £39 59 daid A& Qo

Band Protein name pl %%zv) Score C(;O))V erasge
1 Not identified
2 Not identified
. _ 1847
phospholipase A—2 7.18 5 99 35
3 4865
major royal jelly protein 9 precursor 8.70 3 94 18
4 phospholipase A—2 7.18 18547 71 10
Not identified
) 7860
transferrin 1 precursor 6.77 7 281 15
6 8143
hexamerin 6.43 5 152 16
) . . 4692
major royal jelly protein 8 precursor 6.00 7 199 23
7
toll—like receptor 13—like isoform 1 6.09 75865 142 9
major royal jelly protein 8 precursor 6.00 46792 238 21
venom allergen acid phosphatase 5.63 43787 163 15
3
venom serine protease 34 5.89 44061 67 5
PREDICTED: esterase E4—like 6.11 | %20 | 57 9
9 venom allergen acid phosphatase 5.63 43787 142 25
venom allergen acid phosphatase 5.63 43787 323 35
10
venom dipeptidyl peptidase 4 precursor 5.72 87288 181 17
venom dipeptidyl peptidase 4 precursor 5.72 87288 171 15
11
venom allergen acid phosphatase 5.63 48787 128 16
12 venom allergen acid phosphatase 5.63 43787 96 21
AEE3 AzxESo EF EAe= @A F  band 32  phospholipase A2%
gAEAoeH, AxFF AF o @47 A FH (band H%E FJAHAE. HHA

band 5—band 12% A&Fo EAst= @A E=2 transferrin 1, major royal jelly
protein 8, predicted toll-like receptor 13-—like isoform 1, venom allergen acid
phosphatase, predicted venom serine protease 34, venom dipeptidyl peptidase 4=
FAHEAS. ©°l5 T venom serine protease 34, venom dipeptidyl peptidase 4<>
Tl Therel 245 Zhe proteasesolBE, o] 459 AAge] o wEduHl
et H1E 5 9ee A e

d il 5 3 AH = predicted protein®| =], o] Wk ot
AT A} ofd wA Aozt WA Aodo] wiEo] database® FHE ANAH W
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FE55t Zeo] 7)j1E. FQo B s WAl oigh modificationd] & g1st A3
asparagine?t7] 9] deamidation®]t} methione?] oxidation®] Q4% Ao, ol&= xA
Jefol Al dojt o] olEt proteome®A] Al AT AFZHQA Heol WHIPoR
AAE S, AFEAAHSE &85t AN A e BEEASEHE B5 S
gt =84 Ves rWste A AARAME AF o, Stor F= dAd AUt
A&R 0w FxlEojor & Zog AR, Aemolw EAste dMd F 58 ¥ venom

2 w3l s e

serine protease 349} venom dipeptidyl peptidase 4+ W@z 7}
o

A, o HAEC % BEO AFEH} dold F UASS AT U
u, AE

SDS—-PAGE, 2xF9 #7]9%, isoelectric focusing 4]

A&=2] protein profiles W3NS TR &5 gz &
=] kel
-

phospholipase A2 % melittin®] &% W35 A7|FsHe=E +49F HAe, F93 zol&
Holx] Qkoks A7) 3FFe AME & A7IYgEHS o] &ste] Fdids #eEstal T2
Gl 1145S AFRAHOR FBAste] 102719 dMiAEs A4S, AEEelvt

A= @A = F4d % serine carboxylpeptidase, venom dipeptidyl peptidase 4,
carboxylesterase—6, venom serine protease 34+ WA JlpiE FAAS zt=
aagA, o] Al 3 F52 JheEsrt BASE AAReL Sl °olE hrEslas
<% venom dipeptidyl peptidase 49} venom serine protease 34+ #HZ# &4 pH7} 2H2)
8.0 (YM Choo et al)® 9.0 (S—K Hsieh et al) 2 RuES. webr §H pHE
AF G NS ALEeto] SR o2 [FAAZITHA o] Tt alaste] &5 JAT 5 s

7)1 BEFEARE BUssd 44 Y o d7E Ba ARSYH AxEE
wuld gRo] Wags Bastgon, ot ¥Eel Azl BEfadre 24
mi 2do] MAT & YSS AN BEUNAY YL el HET 5 Yt PHL
AT RS

N hEdass] F8S oAstel BE FEYRS HEHE IS ATstus
Chedh g2 wud ARARGS 2GS, SN dud ERAEag =R
A OMAA WM SRS FEG AT FA mTEAE 2P w3

- 161 -



albumin — . .

R —

— - .. l

—>

—

1: control
— 23 LpeEH 1

Digested - 5 45: b A=H 0
albumin

L

Fig 3.14. Yx=FZA < o3t EFA 49 A

pme Egalel es| sbeRal ol EeWEs AWom wahgou, H7Hd
wFEAE EYA SRR AARRS. T RAIRGE T2 AL 745
ASHol ERE. Telvt AR Appra] VA TS vvRAS (Fig 3.15).

& Ay &
; o & & & . 2 O
¢ @ S AN S )

— — — —— —— p— — D E——

et e W N -u-_IU.

Fig 3.15. =9 7}528d 43S A= 9AE

=, Aol Ye=Tx2AE d7]—6]—*7 37°C oA Bﬂoks].q ,\3153] 7]—5,‘—5'—8]]% o
SDS—PAGEES E3) 71523 »

e L S S P 87 = i
A7kste] FhERa ) vAE e B

o BE=E Gl et pHY IF

AEE=S  7b7] t2  pHeld Hj%sta SDS—-PAGEZ

= sl AxEE HEAEE
st (Fig. 3.16). SDS—PAGEE &3 #u¥d &5 @id & W= A B, C9
= densitometer® =A1sto] pHell whe @i dheFe] WskE SIgh Ay}, wjFH 9
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pHIF Eold 52 sz e
ARASHANA pHE kPO

N&E AL,

iy citrate carbonate phosphate

o (P#o pH3 pH4 pH5 pH6 pH6 pH7 pH7 pH8 120
2 & 100
100 — — A £
70 = emp £ %
(=]
S0 e— du E @0
40 e 2 A
2 @
20 % =B
20 BC
20 -

1 —— ———— — e &

oy
—_— e

Fig 3.16. 8% ] pH W3l 2 JEE o

Zt. HPLCEA Mol & AFAAEY 4
(1) Reverse phase—HPLC (RP—HPLC)

AxEE3 AE5S  RP-HPLCE 24349 >
RP—-189]21°2™, 5-60% acetonitrile gradientE %& ZS5udwze B3t 214nme}
280nmellA el FFEE FAdY EEHe ZHHPEHITEES AEFSs (Fig 3.17).
Hagazol FAR oz <2y hyaluronidase (10%t] €%), phospholipase A2
(15% 0 &5)%Y melittin (19% ) &5)9 T2 W3lHA Adw. o=l SAsk=
12.2%7 18.73%°] 737} AxEHAME #EHX i, 1587 19% 2 minor peak®
ek e AV, 24, 9714 pHeld Bese wiekd & RP-HPLCE 24% 23} pH
H3lo] W peak shifti= dojubx] gt
A5 TS ATt AFAAUA F2lH

LiChrosorb

Ll

dlo

>

>

oo
R
i

i)

=
7}7+9] chromatogram= mergedt A3 F

S
= .

[e]
FUARCIE=
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= oH2S f ; lez.s

g . k. Hlp

_ pHeS | N pHes

S pHOS ~ pH9S

: | |

: F g ! 1 = Ii " | l l

-E merge r -i Hiets . :

z - b

- |\‘| : LN l l '|I '- |
e SLLUTE Y _J-.L : i i au‘aL‘z’#«ﬂ_" R meu )

Fig 3.17. RP—HPLC chromatogram on absorbance at 214nm and 280nm
(2) Size exclusion—HPLC (SEC—-HPLC)

AxEE7Y AEHES SEC-HPLCE A3+,
G5000PWx o1l 2™, 0.1IM sodium acetate (pH5.0)& w49
FEgwzs BEstal 214nmet 280nmolAe]  FHEE
ZYPE =SS HAES s (Fig 3.18). &5 < &S 268&ode BF §E¥3%lon,
71 o] o] £%F = peakE EAFH 4000Da¢]dle] small peptide T salt®l. mergedt
chromatogram= X pH® WH3le] w2} small peptide/salt®] retention time©]
W35S, RP-HPLCEU:= 7+ peak® retention time®] WEst2Z, Azxd ¥59
QCHMY e Z= RP-HPLCE ARgshes 2o F5 2oz ddd.
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FEEYET A AEAF (FHEHFAHGET LA A2008-15%) o whet
)

=]
27t 3REAS AVREAY
+

SHAAAN S FEAEPS. 471 dAAAFH] s
(5E£3TCAA ®HI), 7FEAIE (25+£2TC, HUls%: 60 poll Al B JFEAE
(40+2C, AOEE 75+15%94 ) S 5859 S

t}. RP—HPLCE o] &3 A5 &4

e F 94 717vd AJ8E g4Et RP-HPLCE melittin®] S 538905,
AbEet AH2 AgilentAFe] Eclipse XDB-C18°]%le ™, wEE F7|= 5Sum, AHY
7] 4.6X150mmolH, &5 1ml/m1n0]°4° AYL 2% acetonitrile, 0.1%
trifluroacetic acid® Jéfﬂﬁrﬁ}‘}iﬂ AEFSY F 57 A3} FHY Table 3.49 &%

275 Abgdel ARE FYsda, RE® das 280nmelrd FHEE ZAse
24595

Table 3.4. RP—HPLCY £&z7A

Time (min) A buffer (0.1% TFA in ACN) B buffer (0.1% TFA in DW)
0.0 2 98
5.0 2 98
5.1 15 85
8.0 20 80
14.0 50 50
25.0 50 50
25.1 100 0
32.0 100 0
32.1 2 98
40.0 2 98

melittin I F= AAAUA Flo] Hlow, WA FxddFo] FF> Ao et
U Zolzk Ao 40% olAolls (Fig. 3—19). Fig. 199 ¥AaE #43 A3
AR 17.1667F0A SEHJoH, 72 WAL 639.340924] 41.21%°] FFs
HER S5
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Fig 3.19. Eclipse XDB—C18

(Fig 3.20).

(r*=0.9959) % JES
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0.3560x + 14174
RZ = 0.9959

y

400
350

Q 9o 9 Q
L ¥ I e N Vi
Mmoo 8-

wBiay yead

400 600 800 1000 1200

200

loaded sample (ppmj)

Fig 3.20. RP—HPLC=®
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HIEEAY

1600

1400 —

1200 -

1000 - ol
800 -
600 -
400
200

Mellitin Peak Area

F1 F2 F3 F4
Formulation

Fig 3.21. A7 REAE

A Al #E e 3REC ds]l 25+27T, A
60E5%NA Heta FHA& 3HEY AlPdS FHsEs g EHo Qs AERE 0, 1,
3MNE &<t wieketa RP-HPLCE &3l &A% 43 A 2-49 Aze 10E A

Al o] s Wshrb 71EA del oy 29 ole] AHietd kd
Aehs Fels 4 Qe (Fig 3.22). AZRvtEIHAgAE #Agd
HastH B2 retention time® I A7 AAAHSS (Fig. 3.22 b—e)S &g 4 gl=d],
ol ARl e WAdo] WSS S AR

(a) 7HEAlE
1600

1400 -
1200 + I
1000 +
800
600 -
400 -
200 1

0 1 M

F1 F2 F3 F4

Mellitin Peak Area

‘ I ctr] 3 25'C-1M [ 25C-2M [ 25°C-3M
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(b) M=l
ont

-
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(d) H|=3

Okl 1M M M

Er:{ L Timebergihe || heah o b ﬂ;_ll_‘_ it

(e) H|=4
X 1Y 2 0

T TSR TEET TS TN TE T IR

i) bt || TRRae 2 ﬁhi*#‘ ﬁ_athLm

Fig 3.22 7I5A8. (@ 7IS5AE 4 23 b)) AF1Y F=29Edd (o AZ29
AZrEIR (D) AB3Y AZrEIRE (o) AF4e AZvETH

(3) 7FHEAId

TEEGFET WA ARl B P 3EREC s Fd, 2k, F29 3xds
Aol 545 agsted dAsEs pAdE w2 Agelrs 4012T, dHe:
1, 2/1¥ A%F ANEE RP-HPLCE #4335, 47

= 31
75%+5%, FxAolA H B3}
Z7A4 1 =

e
o
2
>
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(a) 7t=AE

Mellitin Peak Area

F1

F2

F3

F4

‘ . ctil

1 40C-1M

B 40°C-2M

(b) M=l

|11 TR

. = e
izl tign J..J_: :gs?:l. 1= | .. cTH. |

= =t - [
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(d) H|=3

1k 284

ﬁlit Lo e n ! hoi o

104 2bd
‘ : | |
IJI —_— "
2l S| medmiy B m— it )
[ Lo ! dESSE !
i
| ‘ :
-!L— ] ¢ .- ': 5 -E
(fmenly 5 oL [ mped i f 2 2 " | e k,,! =
— S—— S
| e 580, -l
B :-i— £ T8 TEHE | L E 2

Fig 3.23. 7ISAIE. (@) 7ISAE 4 275 (b)) AF1Y I=2vtEad (o) AF29
AZvETA (d) AF39Y AZrIETH (e) AF4Y AZvETH

up 28

45572 AFAF el 7z 3EEe didt AVIRIAY, HEAE, HEAEES
FHEAS. A5 BALS AgilentAte] Eclipse XDB—C18 (3E]Z =17] 5um, AH =7
4.6X150mm) <= ©]&3% RP-HPLCE &3l T35, Al52] ol o 342 34734
A3 =& A4 (r°=0.9959) Ho gHE AL A8 FHEA o s YHow
AFEE. RP—HPLCel ot A AIFAIRS] 4] A, AP2o HgAo] 7Hd ko,
AG1e kYol 7HE ks,
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4. FFQTAS AP EHEF A4
7h AT 53

= AlgEHAE S B dedAdedd NE Fol SEooREe EHAYE FdskL
= vk A3EE A" JHT FHEARC Bt A

%
g, ¥ wuy 57

o AxzTel BAT T W) JAE sfdsty] fl8l SDS-PAGES 8o
42 band 137 29 tid] LC-MS/MSE F33+%s (Fig 3.24). 4% dde 25
phospholipase A22] WHolA &2 #<21% 22 (Table 3.5).

MW
+ 353

100
70

tt

50
40

t4

*— 3p

Band 1 ===

Band 2 w=m

Fig 3.24. SDS—PAGE for LC—MS/MS

Table 3.5. Identified proteins by LC—MS/MS

GSLFLLLLST SEGWQIRDRI GDNELEERII YPGTLWCGHG NHSSGENEILG
51 RFXHTDACCR THDMCPDVMS AGESFHGLTN TASHTRLSCD CDDEFYDCLE
101 NSADTISSEYF VGEMYFNLID TECYELEHPV TGCGERIEGR CLEYTVDESK
151 PEVIQWFDLE EY

5627 18475 494

Phosph 1 IIYPGTLWCG HGNRSSGENE LGRFRHIDAC CRTEDMCEDV MSACESRHGL
olipase 157933543 15239 494 51 TNTASHTRLS CDCDDRFYDC LENSADTISS YFVCRMYFNL IDTRCYRLEH
A2 101 PVTGCOERTE GRCLHYIVDR SKPEVYGWFD IRRY

1

1 MQVVLGSLFL LLLSTSHEWQ IRDRIGLNEL EEZRIIYPGTL WCEHGNKSSG
: 51 PNELGRFKHT DACCRTHDMC PDVMSACESE HOLTNTASHT RLSCDCDDRF
58585172 19045 492 i

101 YDCLRWSADT ISSYFVORMY FNLIDTRCYR LERPVTGCGE RTEGRCLHYT

151 VDXSKPEVYQ WEDLRRY
phosph 1 ITYPGTLNCG HGNRSSGENE LGRFRHTDAC CRTHDMCPNV MSAGESKHGL
olipase 729378 14665 285 51 TIDTASRLSCH DNDLFYXDSA DTISSYFVOR MYFNLINTRC YRLEEEVTGC

A 101 GERTEGRCLH YTVDRSKPEY YQWFDLRRY
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S Ao el nheh Bl wades} 2] vEEE, AR gE ges
e wue o] AXFHA ¢ : )

)
2 AZFHls (Table

o
3.6). °o]&= Al®°] Bradford A]¢F¥} WHS-3F= basic amino acid® 7} #7] Fo=

1 GSLFLLLLST SHGWQIRDRI GDNELEERII YPGTLWCGHG NESSGPNELG

1847 51 RFEHTDACCR THDMCPDVMS ACESEHMGLTN TASHTRLSCD CDDEFYDCLE
5627 5 486 101 NSADTISSYF VGRMYFNLID TRCYKLEHPV TGCGERTEGR CLHYTVDKSK
151 PEVYQWEFDLR XY
f’hﬂspr‘:’ §55 1 IIYPGTLWCG HGNRSSGPNE LGRFKHTDAC CRTHDMCEDYV MSAGESKHGL
|pasze = 157833543 5 486 51 TNTASHTRLS CDCDDEFYDC LRNSADTISS YFVGRMYFNL IDTRCYELEE
101 DVTGCGERTE GRCLHYTVDK SKPKVYGWED LREY
1 MQUVLGSLFL LLLSTSHGWQ IRDRIGDNEL EERITYPGTL WCGHGNRSSG
1904 51 PNELGRFKHT DACCRTHDMC PDVMSAGESK HGLTNTASHT RLSCDCDDRE
58585172 5 486 101 YDCLRNSADT TSSYFVGRMY FNLIDTRCYR LEHEVTGOGE RTEGRCLHYT

151 VDESKPEVYQ WEDLREY

h h 1466 1 IIYPGTLWCG HGNKSSGPNE LGRFKHTDAC CRTEDMCENV MSAGESKHGL
phaspio 229378 285 51 TDTASRLSCN DMDLEYKDSA DTISSYFVOK MYFNLINTRC YKLEHPVIGC

IipaSEA > 101 GERTEGRCLH YTVDESKPEV YQWFDLREY
melittin, 1 MXFLVEVALV FMVVYIXYIY AAPEPEPAPE PEAEADAFAD PEAGIGAVLE
prepro 223015 7601 129 51 VLTTGLPALI SWIERERQQG
1 MIKLCLILPA IVAILIDNHV EARILTQCEZ VRELQEAQIP RTYISNWVCL
lysozyme 1790 51 MQSESGMNTR LVTGPRTASS YSFGIFQINS ARWCSRGHSG GICNKRCEDF
=1 328779578 8 88 101 ADDDIRDDIE CAKKIQAMEG FEAWDGWMEE CHNKFLENIG NCERRKRWLE
151 ILLELE(Q
BCA assay Bradford assay
(mgy/ml) (ma,/mi)
ICBYW 2010 0.94 F.31
WCBW 2011 5.72 2.38
LWEW 2010 6.14 2.35
LVWEBW 2011 6.34 2.13

2t FEUH W 55 diAe 299y
A3 FHA NN FEI BEGNAS FEAIRS o F=WHA wE o7t Aolrt

gdolxgle. 1 das #7935 Z

SDS—PAGE$} 2a19 #d7|dF o=z glsf
At AT FEAlgRe UsiMxE Tuwd
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BCA A2 Bradford H2¥

BV LWBV  LWBYV
201 2010 201

Fig 3.25. =W & B5 g3 SDS—-PAGE profile

MW Mw
(kDa) CBV 2010 (kDa) CBV 2011
250

150
100

70

50

40

30

LWBV 2010 LWBV 2011

Fig 3.26. W & 5= d¥A e 2DE profile

control

Fig 3.27. 21%, A% A= F59 2] 2DE
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"}, Gelatin—encapsulated bee venom< ¥4

Gelatin—encapsulated bee venom= 0.45um filterE EIA|A filtrate?] A|BEE
A5 A3}, gelatine A=HA s (Fig 3.28).

A& 3ul Al & 5ul
gl Adee] A% olmmp

MW gelatin 2% sup ppt filtrate gﬂ sup ppt filtrate
nE* " '
100>

70 —* 2

hyaluronidase

50 >

40 —

30F

20 > 3
Phospholipase A2

15>

— melittin

Fig 3.28. gelatin—encapsulated bee venom% SDS—PAGE
il dAe @ BETudy A
AE B

= T @4’
+ (Fig 3.29).

1:1[0

1113@57411]9] Nfﬂéf’% hyaluronidase%’“ f‘}} EE2AS A} A
]

o

=l

Fig 3.29. €4 2st B=5dwW=a ] SDS—-PAGE
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AL A&

SDS—PAGE, 239 #7954, isoelectric focusing, RP—HPLC, SEC—HPLC, =
AEFHS Mdstglod, #2385, A3HsHAY A48 5 A gzl Z7]3}shZ
ARE FAEo tiet ARA Y, X dwiAe st w4 4 BAXAAFE AHFHOE

P

off

ha
5y

5. 28 4 1
7 BEHaAAEY E838d 43 74

SDS—PAGE, 2x+9 #7]%9%, isoelectric focusing EAHE F3dle] AXxEE=
AB-=9] protein profiled B3PS, T &5 gz
phospholipase A2 % melittin® % WIS #7995
HolAl s, A7) 3FF ME HE AVIdEH = ol

G 1145 Ao BAste]l 102709 gude

g

of @S ESI-LC-MS/MSE o] g3t AFEHHos £43% 23, 574
< predicted protein?] A% Wk, ol Wzl s
" A do] HaEo] database® FEFH AEAHIE FF3E Ao 7]
= FE&sto] AN A e B = B di el did FET
tEete A dAAEAME A E8d £ %lon, dow 5 dd o

2 o Jn

ok

NN o g R
A ooff o oX T oX

=z —

2o Mz O mN o

=0

Fo Gl e gk modificationo] -5 &<Q1st A asparaginet7] 9

FEfel A dofet

deamidation®]4} methione®] oxidation®] <
W& o] ofYe} proteomest?] Al TAstE AH A FH 9

T
(e} _lkto_";
r (o]

i)

38

o

rE L
o

1

AR EZonl ZA5t= wwad F %A% serine carboxylpeptidase, venom dipeptidyl
peptidase 4, carboxylesterase—6, venom serine protease 34% whilz IR
[e)

= Ze AR, o] aasel 93 59 Tl RS AlAkeaL S+

Vb BEfEdRe] BUsetA 44 19 o A7dubt AASEE 25 ol x3d
i bee madl @ B%e fadRel wad £ U olF AFsl A
ezl g% wwAd e oA e wasgle. RdAsdss P
GrTEAE BEE $EY gse uEd wd ans 94 2HAS



= 2 R AR

‘TEEGES HA AFAF (FHFsEZAHAER 1A #2008—-15%)
o)Al 4F 72 MAAFGe thal ztzt 3REC td A7 REAY, HEAH, MEA S
FHAFL. A8 XS Agilentrte] Eclipse XDB—C18 (FE]&F =7] 5um, 24 7]
4.6X150mm)< o] €3 RP-HPLCE %3 39S, Al82 oo ©d 379 3]7]5EA

A3} = A4 (r°=0.9959) S Ho] FHE AL Ajgo Ao Hie wHow
At E. RP—HPLCel &3t M AlgAIRS] &4 A3, AlFP22 bgAdol 7P Eker,

Aol bgAdel 7 vk
2 FEATAS dE BAAF A4

SDS—PAGE, 2x9 7719 %Y, isoelectric focusing, RP—HPLC, SEC—HPLC, w23
AEFHS MEdsisior, A2ds, A3dsHdAL] A7 T TS ddo] F2]3)sk4
ARE FA S giet ARA Y, vX o wwiAe st w4 4 BEAXAPFE AHHO=E

AT,
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Al 4 B B59 spray AAMNEH wmlo|ZZ2PE3}E FI AHF
A| A 71 2

A 2 A : SEHSL FiE 249)

¢
=74st7] 918 HPLC 4
Fal 220nmel A &4

N
a)

o
I

> Nova—pak C18 (Waters) 3.9 x 150um, 4um
o]ZAF => 0.1% TFA ACN : 0.1% TFA water = 55:45

BA 2% => 30%
< => 1.2ml/min
(th) A3 @ oF 42%2] Agd ggFo] el

Table 4.1. 55 W 2Hd g=F

=]

Sample Area Conc.{ug/mL) Mel Content(%)
bee-1 4870.4 411.07 4111
bee-2 4883.9 412.18 41.22
bee-3 5100.8 430.07 43.01

- ARvEIRS b3 2o 2P 3R AEEAE.
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(2) 20120l Algs Axes
Oh %A gEo Am ARele @ & g WAwe FFL S48 S8 HPLC B4
it
(\h) "W bee venome distilled waterd] #9 HFEE 1 mg/mlZ 9331, syringe
filter % filteringste] HPLC 4.
- AR
HPLC => HP HEWLET PACKARD 1100
Column => Agilent Zorbax SB C18 5um 4.6%250mn
Mobile phase =>
Table. 4.2. 5-52] HPLC #4& {3 o84 =4

Time 0.1% TFA in D.W. 0.1% TFA in ACN
) containig 10% ACN containig 10% D.W.
(min)
0 55 45
2 55 45
8 15 85
13 55 45

UV detection wavelength => 220nm
Column temperature => 50%
Flow rate => 1.2ml/min
Injection volume => 20ul
Stop time => 1bmin
(th A3t @ oF 27%°] A" grFo] YEhd.

Table 4.3. 35 | dzd gz

Sample Melittin Content (%)
Batch 1 26.97
Batch 2 28.70
Batch 3 26.85

h At w4
— o7 g3 A Belw FFol UF v e,
— el v =e] gE WTE Algtel nYEA 2.
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— base line°] &5 B33
=

- g4 e

rﬁ?u
BN
)
o
Mjie
=]
il
ol
2

d UV 24 9, 0] W o] gradien
q

HPLE A 2ds vhAl A

(b W€ HPLC ¥4z
HPLC => HP HEWLET PACKARD 1100
Column => Agilent Zorbax SB C18 5um 4.6%250mm
Mobile phase =>

Table 4.4. 859 HPLC £4& 9% ol =4

Time 0.1% TFA in D.W. containig 10% 0.1% TFA in ACN containig
(min) ACN 10% D.W.

0 75 25

3 75 25

6 50 50

10 20 80

15 75 25

UV detection wavelength => 280nm
Column temperature => 35%

Flow rate => 1.0ml/min

Injection volume => 20ul

Stop time => 15min
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(A A3 oF 52%°] Hejd FEo] vEhd.

Table 4.5. 55 | @28 &=F

Sample Melittin Content (%)
Batch 1 52.61
Batch 2 52.59
Batch 3 52.08

(ch) A3 24
— Aol g w5 Azte] agH.
— base line°] Fd 3.
— peak’} E7t= YA,
- 55 U &% /59130 phospholipase A29] A%,

— djele] ko] oo EA e tigh &I Ao A Y.

(2 A& dyel gheFo] oF 52% .

" Melittin standard ] " Bee venom 2mg/ml

Melittin

PLAZ2

Fig 4.3. 9o 4719 #2442 HPLC chromatogram
. 28l 9] sonication®] thdt kgA

(1) 5A: A" Az 374 £ ultrasonication®] AFEE7] o oo st @Aejelo] <HF
2] Blo

o:
d
¢

@) ¥ F5= TRl = lmg/mld $RE 10mlEd=
sonication %o MZS FH3ste] HPLC S43%. & 1057 43

(3) 23 F 107 oF 5%° Wydl 3=F vt dojd,
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Conc{ug/mL)
2
=

min

Fig 4.4. 228 ¥l 9] sonicationd] t3 <HAA
L= = R el B I e = e i s s
(1) 3 A8 A=x 34 5 7718 (dichloromethane) o]l that Ae]elo] kA el
(2) ¥4 5mge =2 dichloromethaneo] Folx =W A7l & Z=F47 2 B4 A7
] HPLC 4.

(3) A3 : dichloromethane (MC)° ¥5& ¥od dAgd 5% 7Z4A7F YER.

500.00 A

45000 -
400.00
350.00 -

=

E 30000 -

=

£ 25000 - H Without MC

o

E 200.00 - HWith MC

150.00 A
100.00
5000

0.00 -

M1 M2 M3

Fig 4.5. A F7] &) dist A
2}, 55 @A o] sonication, 718w o
(1) 52 9@ w0 B5 o oo obgAde 919 WS AFE-3te] BCA 4S5 3 =74

(2) A3} : Sonication® 7] (dichloromethane) o] ofgt w2z s+afF 7+A4 vepbg

ot

*tgd
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Table 4.6. 2% @A 9] sonication, F7] & gt <+AA

Sample Conc.
(1mg/mi) Absorbance Average tugimi
bee venom 0.5110 0.4390 0.4740 0.3734 373.3667 1030.664
Sonication 0.4700 0.4680 0.4320 0.3554 355.3667 980.0027
Dimethyl 0.4520 0.4650 0.3890 0.3340 3340333 919.9596
chloride
vl AbA 7)o o] W el BEdaiE Qg A

ﬁ
(D 52 2% W Aeus} pEawde) 4, 97 2404 334 el

(2) WH:

)

S, 0.IN NaOH, 0.1N HCIA 1mg/mlZ AES Az 3 F 24A7F wnt

¥ HPLC #4137 BCA A2 &3 2y, ¢z & Hsts 54

(3) Az : Aude F¢ dd FF 40~50%) kel FFTFelA
(0.1IN HCD M= ALl Hlsd ghol dojxlont

A= 93%017d AT kol fofxlth

Table 4.7. 35 J 2349 = W3l (HPLC #4)

rf;";ﬁ::n Area Conc.(ug/ml) Average Conc.{ug/ml)
Water 6675.3 44163 440.75
ol El 6594.7 436.40
e 6715.2 44422
0.1N NaOH 267.2 25.79 25.84
HalEl 265.4 25.67
edd 2713 26.05
01N HCI 6461.6 427.76 42510
Il 3] 6352.1 420.66
eHdd 6447.9 426.87

B oy @Al A FHS U sRel vlElA A EA(0.1N HCD oM = oF 15%7) %
AN NaOH) 2] A% 50%°]4o] %
qaid o g sy, A7 21Y AS wg G

—
o
o
o
A~
00
01*1
;‘T:

2 d 3¢ A3k (BCA BH)

ﬁs:;f::“ Absorbance Average (E;;::l'}
Huﬁ“"g‘oj% | 0300 0.3840 0.3940 0.2960 2959667 | 1104.069
EE;L%”&%” y| 0230 0.2330 0.2320 0.1313 1313 496.4428
Hfﬁ“le':‘;% q| 03170 0.3400 0.3460 0.2396 2396333 | 896.1968

af &5 o 2 "ol g vekdt pH o &3t

(1) %2 B5o A% YFolet & 4 9t Wdo] oje] pHelH el g e et 2
52 $48 AP pHE owi 2ok A o,
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(2) WY: bee venomS pH 1~139¢ £ =o] %5 1 mg/mlzE

(3) A+ dgd

140
120
100

Percenlage versus d.w, (%)
2

filter Z filteringdlo] HPLC #41.

HPLC #Ax79 474 &

Table 4.9. pH 1 ~ 13 £ Az 44

pH

A

B

1

0.2M KCl 50ml

0.2M HCI 134ml

0.2M KCl 50ml

0.2M HCI 13ml

0.1M Acetic acid
98.23ml

0.1M Sodium acetate
1.77ml

0.1M Acetic acid
84.7ml

0.1M Sodium acetate
15.3ml

0.1M Acetic acid
35.7ml

0.1M Sodium acetate
64.3ml

0.1M NaH2P0487.7ml

0.IM NagHPO412.3ml

0.1M NaH2P0O439ml

0.1M NazHPO,; 61ml

0.1M NaHzP0O45.3ml

0.IM NapHPO494.7ml

© |0 | |

0.IM NaHCO3100ml

0.IM NaCO312.5ml

0.1M NaHCO35ml

0.1M NaCOzoml

11

0.1M NaHCO38ml

0.1M NaC03100.64ml

12

0.2M KCI 50ml

0.2M NaOH 12ml

13

0.2M KCl 50ml

0.2M NaOH 13.2ml

o

-

A4

oA . A= =LA,

Stability of Melittin in various pH buffer solution

pPH1 pH2

pHI pH4 pHS pHE pHT

pH B

pHS pH 10 pH 11 pH 12 pHiiI-

Fig 4.6. &5 W 2= ofd odt pH o a3}

(4) 23 24

- B%ol U@ AFL Az A A pHIE G714 Bk AYOR fA sk Bk
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ol o7 H7HA=el 2% g4

o) 2
o Aol AAASES ofwA AH o sH=A el

o
_] {

A

=
(2) HH: bee venom= o8] H7 A7} EshE fMo| =0 syringe filter® filteringd}o
HPLC #4]. HPLC 4 x719 47e BX2AS AME

(3) A
— ¥52 50, 70, 100% oggels &87d013lth
= el ARl B ol | eheFe] Waks Al glsith

Effect of excipients on melittin (1)

[ I | 4 I I ! § § 1 I : I - I I .
DW MBS AWRAD DS MRUT 18 " A8 Ifser Thiere 008K Bawt 338% Buryl Y prtesss 1% gresee 3 00 O
Bppare  pojere Sipctms papetes  me e Prates  paaten B0 2

#rew st

PeTcentago vorsus i . (%)
o

=

o

=
o
~
~
ol
It
=
g2
i)
auf
2
=
=
Ky
o2
ek
et
N
)
2
1o
fol
i,

AEolgt 8 4 Qi Wajwo] ofy pHelH <) HdAS St 2
Aol pHE oj®A Agsor sz 2.

(2) ¥ 200 mge] &%= 1 mle FHFel v A WA 42 &5
A % 0.45 um syringe filter 2 filteringdtal, 7 WA 2 1L % &5 £

Kol

=

S 0.45 um syringe filter® filtering3t ¥, filtering3dl &Y
HPLC 4], HPLC 242719 71| #4215 A

—

(3) A3 1 & B5 42 34 F filteringel tisll F&F= A =T
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DEsn-olution best of Dee wer o

X o

£

; -0

Fig 4.8. T &5 Ut A7 filteringd &7

(4) 47 24
- 35 U A¥S syringe filteroll A F&3A] &= Zow ok
- 5 U d4gdS A s & dFs A e AowE e

o8 wiel 54510 ALESNelE FslTlL B

g

A 4T, AW 2 BE ) AR gy B
() 24 : g5 Ax 4Rolel & 4 Y& Beldo] 4T, A% 264 25 4 2elg

aL- O
o] Q1A el

[e ] —

(2) B : bee venome =7 w9 FEE 1 mg/mlE WF11 , A AN B
#ato] 1, 7, 14, 21, 28, 42, 56, 112, 14794 *@%% ‘HA*EPO% syringe
filter® filteringate] HPLC £4], HPLC 24279 A7d BEAZ1AS AL

(3) A3}

— 4T, 2 ZAoA] 289 7HA = B= ) 4

ZF
— .

rn _YE
ﬂ?i‘
oft
E
b
1)
e
dlo

it
ol
flo
o
[N
ol
ol
N
>,

— 4T, A3 ZAA 28 o]F H= g

MMelittin content (%) in Bee venom

& 00
L
oo
100 00

TE e
Thrree delasd

Weltti et 14}
b
v
g

347 daw

Fig 4.9. 4C, A% A &5 U 2 AAFA g

(4) Aa¥ 4
— 4T, AT 2AA 28 7HA = BE= g Waleo] okttt ek,
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10 1t
- T oleld & SAE AREsior BVt 5 W Bed e LS A4S
9% Aozt Wk

7F 12 2= spray AlE Az AT

(1) Spray E1 A& in vitro A& :

o 52 9 U 0 2mg/ml a2 R AFS dml FHEkel (T 10mg E )
dialysis bag (cut off molecular weight = 7000Da)°] Y31 SHFF 256ml=

medium 2 3dto] AIZFE (0.5, 1, 2, 4, 8, 24, 48, 72, 96A17H) 2 0.5ml mediaZ
Folal AMZEE medias 2ol Fo] WE F4 S BCAZ A3

Table 4.10. E1 A3 =A

HE=d= S5 (v v
== 0.5
CMC-MNa 0.5
Tween 80 1
Glycerin 1
Mannitol 0.5
sodiumcitrate dihydrate 0.4
boric acid 0.25
sodium borate deca hydrate 041
Potassium chloride 0.14

(h A3 1 Azre] Aol weh A4 WER B wuldo] o] £7hE 4
1ROk 48A1ZF o] Folle kb asts Aao] Lrehdth
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(2) E1 A"

(7]_),‘}"744 U] Hol—tg xﬂ?ﬁé&] JE

Bee venom E1 formulation in vitro

release

] //_“’——4
o . . . . . . . |
D.M’Eh 4h 8h 24h 48h 72h 96h

Time (h)

Conc.(ug/ml)

-850 -

Fig 4.10. E 1 A¥ 9 in vitro release A3}

=
R

|\

4, 5, E1 A8, Tween 809 HEE 431

Bl

(WA : El vehicle?] A%+ 9.3cp= SAHAS.

Table 4.11. &, E1 A8 4 tween 80FE

Sample c.p

Water 0
E1 9.3
Tween 80 272.3

(3) E1 A& cytotoxicity A&

7hH 54 2 WY ¢ Conjunctiva celld] tigt A¥E SA4S B7] Y& MTT assayE A 8.

h 23

AP 5x10°70¢ AEZS 233 100ul cell culture mediumE 96—welld]
Y F 24X F]F ksl Al¥S 0, 0.001, 0.01, 0.1, 1, 10, 25,
50, 100% = 3} medium O % 3] 3t1l 96—welld] X & 72A17F &<t vk
% PBS®: plate% Aol 2 MTT 20ulL.E &#-3F 100uL medlumE
plated] ¥ % 37Col|A 317t ®iokgttl, medium= A7 3 & DMSOS
do] 30& v,—oﬂ 540nm 3|4 Microplate Spectrometer (Sunrise,
Tecan, Austria) & AFgslo] 5355 54

5 o] WE AP Ax S HolFen IC 5082 1~10%
Apolefl A Ao Rt
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Cytotoxicity of E1 formulation at conjunctiva cell lines
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— =2 gulzl AHEo|7] o] W 7|7k vz Ao kA FAE7] Y m
Ao zp3F I W 2A0 7 sfof vt wuk

— Age] Bt e9S 7] ¢al antibacterial agent’} F Q3 Fek
— spray A@ol7] witell F T3 S s yFFy FHAC Z sty de

— 919 pHell tigt A A= Hol spray £49 pHE 6 ©]stzE FAsfoF sttt T
ot

(3) Spray &4 A Ax YHEE AP 55 5% 10 mg/mlE HXZ AxX)

(7b) Formulation 1 (modified ophthalamic solution) (F 1)

Table 4.12. Formulation 1 composition

.. Contents
Excipients Role
(g)
Metol 60SH—-50 (HPMC
crotose ( Thickening agent 0.2 ¢g
50cps)
Boric acid pH adjust 2.2 ¢g
P trati h r &
solysorbate 80 enetration enhance 0.4 g
surfactant

Benzalkonium chloride Antibacterial agent 0.01 ¢

Distilled water solvent ek
Total 100 ml

_ Xﬂ}_ Hol-t‘lj;

M Metolose 60SH—50, boric acid, polysorbate 80, benxalkonium chlorideE £ 9]
$YTE ZFato] §7)o] Wi

@ 871 T=7FTE ¥ol & 100ml= §%& ST

@ d& 7hebA da FR3] xEste] ¢ds] ATt

@ 5% 2g5 9 formulation 100mlel ¥ 83| 2E3te] 423 LA A
formulation 18 ¢HJ 3o}

® HF A9 5 == 20mg/mlE It

® (Benzalkonium chloride A% 2 0.05% ethyl paraben + 0.02% butyl
paraben AF& 7hs, 2 - W Ht)
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(\}) Formulation 2 (modified bee honey) (F 2)

Table 4.13. Formulation 2 composition

Excipients Role Contents (g)
D—(—)—fructose (#%) Thickening agent 38.00 %
a —D—glucose & 31.00 %

honey composition

D—sorbitol Stabilizing agent 10.00 %
Benzalkonium chloride Antibacterial agent 0.01 %
2.2% boric acid in distilled water Solvent & pH adjust 20.99 %
Total 100.00 %

— Az W

M D—(—)—fructose, a—D-—glucose, D—sorbitol, Benzalkonium chlorideE <<
LFO 2 Ssto] &7 ¥

@ 7] 2.2% boric acid in distilled water® Yo 7F4E E(70~80T) el =
B3l strringsl] <=t}

@ fLMo] A3 Tyl o] TS uf 2.2% boric acid in distilled waterE ¥
ojFo] F &F= stirringsto] €-43s] &gkt

@ gAo] t} ol 3| FgsHA

q

formulation 25 ¢4 sttt}

A& W A7 el 108 5 B 48

5] AT}
® Formulation 2 756ml 8} 255 =<l 5¥ €94 25mlE &3 & 9L 716HA Q41

TEs] st @ds] gl

o
+

@ HF 49 ¥5 TE5+ 20mg/mlZE 3t

(Benzalkonium chloride WA#F°Z 0.05% ethyl paraben + 0.02% butyl
paraben AFE b, x4 - WA B

- 192 -



(th) Formulation 3 (Formulation 1 + modified 2) (F 3)

Table 4.14. Formulation 3 composition

Sample Excipients Role Contents
38.00 %
D—(—)—fructose (¥3) Thickening agent ’
& (w/w)
D—gl N . 31.00 %
a —D—glucose
g oney composition (w/w)
1 . . 10.00 %
D—sorbitol Stabilizing agent
(w/w)
) ) ) ) 0.01 %
Benzalkonium  chloride Antibacterial agent
(w/w)
2.2% boric acid in distilled Solvent & pH 20.99 %
water adjust (w/w)
Metolose  60SH—-50 (HPMC 50cps) Thickening agent 0.2 ¢
Boric acid pH adjust 2.2 g
Stabilizing agent
9 Ascorbic  acid & 05 ¢
antioxidant
Benzalkonium  chloride Antibacterial agent 0.01 ¢
Distilled  water solvent ZheF
Total 100 ml
_ Xﬂ}_ Hol—lﬂ;
M Sample 1& formulation 2 9t=% HbHo g whEr)
@ Sample 2+ forumlation 1 ¥t=+ #HH O 2 "¥HE4 polysorbate 80 thAl

ascorbic acidE A 7}gtc},
@ &= 2gS& sample 2 30mlell Wil T3] Xgsto] s LAt}

@ Sample 1 70mi9%t B5< %2l 39 §9] 30miT £¢ F A& e 2 T
Agsiel g8 B,

6B HE 49 85 TE+= 20mg/mlE 3t}

® (Benzalkonium chloride A3 2 0.05% ethyl paraben + 0.02% butyl
paraben AF& 7hs, 2 - W B
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(2} Formulation 4 (modified syrups) (F 4)

Table 4.15. Formulation 4 composition

Excipients Role Contents (g)
Sucrose Thickening agent 85
&

Syrup composition

D—sorbitol Stabilizing agent 5
Ascorbic acid & 0.4
antioxidant

Benzalkonium chloride Antibacterial agent 0.01
2.2 % boric acid in distilled water | pH adjust & Solvent ek
Total 100 ml
— Az U

M Sucrose, D—sorbitol, Ascorbic acidE 99 £F=Z st £7]0 Y=t}

@ £7]°l 2.2% boric acid in distilled waterE Yol 7}4 ¥ &=(60~80T) el &
B35l strringdl <=t}

@ gHo| 2d#3] Tt gMo] FYPS W 2.2% boric acid in distilled waters ¥
o]0 100mlZ F €3S W § 71939 E(60~80TC) o T83l stirringdho
238 E35tsich

@ gI5 %PFO] 23t & FysA S w 2k B 10w st Bt A9

B HE 295 2.2% boric acid in distilled water 10mlell Y1 83 Qg sto] 2+
3] Z3A17t

® Formulation 4 90ml8} 58 =<2l 5 €9 10mlE &3 & A4S 7lsh#] ¢
T XEsto] ¢ghds] = 3hshr,

@ HFF 849 E% w5+ 20mg/mlzE 3o}

(Benzalkonium chloride ™A]3# 22 0.05% ethyl paraben + 0.02% butyl
paraben AHE 7hs, 2 - ¥ B

(4) 7 spray AFED AEE Y P LY AW Y AL 09, 1F, 27, 4F,
852 ST
Ob weW §F 4

-
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@ AgE g B WMZS F 1, F 2, F 3, F 4 AdoA 0.2 mlE FH3te] 108 3
2 u

M. HPLC &4 x19 474
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) d-Rla e Ad
— W}
@ AA 2 mlE AgeA FAste] 7o ¥ dak 10 mlE ¥ Us AARAR 9

@ 1A% glol B3 AW 2EE Fol 24 A7t WARA %E WA A,
@ 30% FekFa 5 miE Hol vFAo] A wrkx $as] wa.
@ AL 914 1 mi7k 2 WA s

® HES FHe £ F 3000 rpmo 2 AR §
®

ofrt
1%
AN
it

olr

0.7 mlel & Yol 7 ml= St
@ AxF 10 mlE 7FA 2L o] A xA 9 ¢ WyHog st FA|FgA o7 i)

.

Inductively coupled plasma atomic emission spectrometer® ©|g3}o] g3} H|
0] Fg 2T DIE ppm BT Bl
(mhH Fa5 Al
— Hohﬁ;
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SR mlg gol 7k sta ofFete] FFEs & 5 mPOE 23]
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ya 0
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o 1 LS Yol RYolA|dS Mo] ¢ o] = w7}z st w)
H2 OMAEAF 2 ml 2 B €9 50 mlE &) HAo = i)

FoAat 3 mlE F8he] olsh Heie] AW} A2 WHoR A8l
3

@

o 5

N
=~
o
i
£l

@
=

R

M 12
2 rlo

0

°of BFUHEFAN 1 ¥

£ 5 @
gao) WA e WA LB 9 e ol Baete] oo AL e

X

o NlO
T

o 2
£

k=

r

®
o
2
o HE
=
= R
2

2

- 195 -



(vh "MAE e AE

Aol ZAl: 10 mIE AAMA ] 40 100 mlZ 3sfo] HAo = Fir}
SFHAFAI A A2 9 ~ 10 cm HAEIHAIE 21 A dA vt} 2 7)) o)Ak
SAMAS 22t dHe shAMA 15 ~ 20 mlS A EFHAe] di=th ANe
005~02mE%ﬁ“ﬂﬂEfﬁﬁkéﬁwﬂihkwwﬁhﬂ o 7} Al 1 4 3}
Jo] H71E v ZA, DAL AE T Q A3 A=
Aee 30 ~ 35T, A2 20 ~ 25TelA 543 2+t wj

AN

=

ot
&Y
=
N,
™
M4
>,
oo
=2
gl rir
o
o
it
o,

o EHVPEAY

D Aevel 2A: AAE AAA e 4 ko] AHg-EL.

@ g A 10 miE Yol FFAAMAE Yol 100 miE Frh. WAL W27
Huj S AHg3to] 30 ~ 35°CelA 7243 WiekaTh, F9le] A8 APAME s
A A aFeAT Aol tehte A9E g FYoE B

@ ARk gl 10 mE gob fFAAMAE Yol 100 miz &k WA= o
UFANAE AHgtol 30 ~35TAA 72AI7E W@ A, FA el A
e 499 28A e 5ol drde o s

@ w53t 9 10 miE Yol thEoAA 2Bt A Al Hol 100 mlF Feh wjA
L AE R ERANAR o] 30 ~ 35CoIA 7247 MR A FREAL
e el BAEE A9 HEw Gl B w

® FNEEATE: P 10 miE Do} thEoAQ LA A Hol 100 mE @

CWUE - AGRRuAE AR At 30 ~ 35TeIA 4847w,

FAm Feuel B4 Aol FHHE 3 FRLEGTF FYolet ),

2ol
=
7ol

n g

(A) SDS-PAGE% ©] & %% tl %%} phospholipase A2 23l
— "

D MWMZESF 1, F2 F 3 F 4 AdelA 0.2 mlE FAsto] 108 3A&to] 2 mlz v
=t} Z MEE5S SDS—loading bufferE ©]83Fo] SDS—-PAGE] A& 4 QA
i Rein=t
Fig=

@ FAA O ol g5 SDS-PAGEWS ol gdto] HEE g
™

— " AMZL F 1, F 2 F 3, F 4 AdoM 1 m®E FH3o] dialysis bagell ¥ F
1.0 ml® PBS(1M Phosphate buffered saline, pH 7.4) £ME X 3+3}=

- 196 -



92 3 200 rpm, 37 T4l ¥iF (Incubation) s A A|ZFE I}ef] u}z}

o] PBSE A& g]g}oq Aol = Hxo] gwlz =5 BCA assa Yr—_'
olgatol SAAT 87 el A AEE $FEAPBS) S ol $EA
ALsATh AEY BRI 0.5, 1, 2, 4, 8, 12, 2447t 2 33}

(ZBH) MTT testE o] &3k AlX 54 A¢

= s AU AEE olgte] 2 MBS B AT 54 ABL AP A
w4+ 1, 10, 100, 1000, 10000, 100000°.2 A=ystict, dut A
welldll seeding & 24 A|ZF vjoF7] oA wijoksldt). Al vk 24 A
& 84 W% W FoheTh 24 A AGT)elA weketsth A
AZE & AES AASEL 5 mg/mle] MTTE FH7Fskdth 4417 & MT
7stal DMSOE #7bsto] Alx ol F59 MTTE &3A7]aL 30 &
570 nmellr FFEE ST
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pH of bee venom sol. pHofF 1

W pH of formulation except
fonben veaom: ® pH of formulation except

W pH before dilution forbee venom

W pH before dilution

m pH after dilution

® pH after dilution

T T T T T Oday 1weck 2week 4week 2month
Oday 1week 2week 4week 2month

Fig 4.14. bee venom solution?] pH Fig 4.15. Fomulation 1 ¢ pH

pHof F 2 pH of F 3

® pH of formulation except
for bes venom

m pH of formulation except
forbee venom
W pH before dilution W pH before dilution

= pH after dilution B pH after dilution

Oday 1week 2week 4week 2month Oday 1week 2week 4week 2month

Fig 4.16. Fomulation 2 ¢ pH Fig 4.17. Fomulation 3 ¢ pH

il - pH of F 4

m pH of formulation except for
bee venom

m pH before dilution

® pH after dilution.

o0oo0
Odav 1week Zweek 4week 2month

Fig 4.18. Fomulation 4 ¢ pH
TEs Agd &A41¢ pHe ARt pH 6°]8te] A o= §A = Ao

AR o] e w gl Gk el Aol dE AFE wik o pH

F 1 A& boric acid® €13 pHE ks,

77k9) gAlo] Bme] A7 As) F 13} F 2 pHr} 2HQT, F 3~4% pH 4

Sakgieh ol RS BHe olelzkx auAst ofumate] Lol 97 W] B

FHA S AW 5 vk E BES Fa5e] gl Atk o)A AAOE Qlsto] Bxe

H7AE Qg §A9 pH W B Foh Avet e, AW o714 £5 25
‘]

40 €3 TS 212k AYES plrk A5 WE. oA B AR A% F

shavter may. 2eld 29| pHel 47k Al pHob A5 Qrka W,

S BE B AO] AGFE pHYF obF 2FH FAIL WA oA FY] F o
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G-l

2 FE A

r
ekt

@ dF A Z7IHEAZ7ZE F<F Sppm P REeR A gl
Table 4.16. & %= AlE A
713k 04 1 5 2 T 4 =+ 8 T
Bee <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
vlenom 2 &} ] 3t 25} 23} 23}
sol. — 1
Bee <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
Vlenomg ] 5} ] & 2 &} 2 5} 2 3}
sol. —
Bee <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
Vlenomg 2 &} ] & 2 &} 2] &) 2 &}
sol. —

Pl - <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
pSRas A ) pskels pSRas Skes
=] =] =] =] =]

F1-2 <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
A 3} pSkels Z 3k A 3} Z 5k
=] =] =] =] =]

F1-3 <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
pkas Z &)k Z 3k pkas Z )k
=] = = =] =]

P9 <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
pSkas pskels 3k Z ) pSkas
=] =] -1 9 =] =]

Fo_ 9 <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
SRS A ) pskels pSkas Z 5k
=] =] =] =] =]

Fo_ 3 <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
Z &) Z &) ) &) Z &) ) &)k
- = | - —

P <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
pkas Z &)k ) 3k pkas ) 5k
=] =] =] =] =]

F3_9 <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
SRS S kels Z 3)F Z ) pSkas
=] A= =] =] =]

F3_3 <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
Z 3 Z &) ) 3k Z 3) Z] 5k
RS ] -1 9 | RS ] |

F4-1 <0 Oq511pm <O.045pLDm <0.05ppm <0.05ppm <0.05ppm
ek Ek Ay EES e

F4- 2 <0 (1511pm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
EE 5 EES Bk B

F4-3 <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
=) 3F 2 &} 2 &) =) 3¢ =) 3¢

- BE A g Bl 0.05 ppm MW 1S HAF 5 v}
— 2= AFel QAo = Hol 2FEA = AR et
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Table 4.17. v]A& 3= A& A3}

- 201 -

713k 04 1 5 2 T 4 F 8 T
Bee <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm

pkas Z &)k ) 3k pkas koS

venom =] = = =] =]

sol. — 1

Bee <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
Z 3k pskels 3k pSRas Skes
sol. — 2
Bee <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
2 5F A & ] 5F 2 5F =] 3F
venom B -1 A = 1 B =]

sol. — 3

F1—-1] <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
] 3k pSkels Z 3k ] 3k ) 5k
=] =] =] =] =]

F1 - 2] <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
Z 3k A ) pskels A 3) Z 5k
=] =] =] =] =]

F1 - 3] <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
g B g g g

F 2 — 11| <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
pskas Z &)k ) 3)F pkas ) )k
=] =] = =] =]

F 2 - 2] <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
Z 3k pskels ) 3k pSkas ) 5k
=] =] =] =] =]

F 2 — 3| <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
pSRas A ) pskels A 3} Z 5k
=] =] =] =] =]

F 3-1 | <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
Z &) Z &) ] &) Z &) ) )
=] =] = =] -1 9

F 3 -2 | <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
pkas pskes Z &) pSkas pSkas
=] = = =] =]

F 3 -3 | <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
pSkas pskels 3k pSkas Skes
=] =] =] =] =]

F4-1 | <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
A5 = 3 5 A5 2 3
-1 9 -1 B9 19 -1 9 1 9

F4 -2 | <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
Z &) Z &) ] &) Z &) ) )k
=] = = =] =]

F 4 -3 | <0.05ppm <0.05ppm <0.05ppm <0.05ppm <0.05ppm
) ) pskels Z &) pskas Z )k
=] =] =] =] =]

2E A9 v A gfFo] 0.05 ppm "W AS sHelsk 4= Q)
— B AFel A sl= nA7F LFEHA e AoE dd
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Bee venom

Bee venom
2mg/mi Fa F1

2mg/ml

F1
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Fig 4.27. A5 A@ (E¥HAlH) 2 F) TFig 4.28. A7 AE (E¥HAlD) (4 F)
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Table 4.22. Aetd YA} 3 glutaraldehyde ¥ trypsin® G &

Sample Beevenom (mg) 4% glutaraldehyde (ul) 25% glutaraldehyde (ul) Trypsin(mg) Water (ml)
Control 5 2
Glu 4% + bee venom 5 100 2
Glu 25% + bee venom 5 100 2
Trypsin + bee venom 5 40 2

— A3 153 trypsin 9 GNelM Ad e dArF BEEA kS

[

kel ng
Ay
o rm

Fig 4.69. 553} trypsin €3 &9 3¢ dgd 2FF9 =

=3} 4% glutaraldehyde, 25% glutaraldehyde <=3+ £M9] | Fox gl u 37}
A ok

Hl g
Hy
HH rm

g
i

Fig 4.70. -‘8.—534 éi% gluéaraldelhyde +25% gl‘utaralci?ehyde 1‘61' g 9]
vAe A" £FEFY v=2
(6) BSAE o] &3 &84 dAA=
(7b BSA &4 A Alx W (Spray—dry W)
=9 AT Xﬂﬁhﬂm—q flete] fAtell A ElE A8 2l
o] Ao3t webM, 5 thA @A Z BSAE Abgsto] &84

_1
ofl OFI
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it

AAE Azt F8A 4= Eudragits AFE3SEe] pH 5.5 o]dolA] oF

AEE A AW 7] g9 A,

¢ FEudragit <5 : L100-55 (F&4A pH 5.5), => =24 H

¢ 1g BSA/30ml =59 3, 5, 7, 9g Eudragit/200ml o|§t2g &3] 117 &

ob wHbgit} o] FENS RE3EY] spray drydtrt

— °FE 3} Eudragit L100-559] ¥]&o] W& W& A5 B2 & 1:3, 1:5, 1:7, 1:9
H&E spray dry® AMgstel AlZ. Alxz® YA pH 1.2, pH 6.8, T/ T8
media® 3dFo] 10+, 304, 1A1ZF, 2A17F, 4A1ZE, 8AIRE, 2441 3te] MES FH sl BCA

=]
A

— A3} o x7] 2A17F oldle] BSA tlFEo] WEEHE EE5S Ho%. pH 1.2 media®l A
=7t 45 BSA WEF
[e)

|
g 1:9 vige] /b =) wES vER Ho BEFS ©F 800ug/mlE

i

1000 -
200
800

700
600 - -
500 .' =—=1:3 ratio 5D

:33 i —#—1:5 ratio 5D

!
200 I
100 |

Conc. (ug/ml)

——1:7 ratio 5D
1:9 ratio 5D

0 10 20 30

Time (h)

Fig 4.71. pH 1.2 media®lA] v]&¥ v= kA
pH 6.8 media°lA ®H|E&H W= SO 2 Eudragit L100-559% H|&o] F7} &=
BSA W&o #AAg. 1:9 HEo] 7MY =¥ #HES yvEhd. Hu oW
1400ug/ml7} el 8 pHelA =2 WES eI

e
ot
flo
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400
200

Conc. {ug/ml)

Dissolutiontest in pH 6.8 media

===1:3 ratio 5D
—#—1:5 ratio 3D
——1:7 ratio 5d

—1:2 ratio 5d

Time (h)

Fig 4.72. pH 6.8 mediaclA] v]&3E W& $A

o WERFA 5. 1:7 HlEo] 71

1000 -
500 -

Dissolution test in water

BOO -
£ G-
2 s5op - =—=—1:3 ratio 53D
g 400 r' E— -5 rati
= —#—1:5ratic 30
3 300 @, = : =
200 4T e— . ——1:7 ratio 5D
B < 4
s 8 1:9ratio 5D
4]
o 10 20 30
Time (h)

Fig 4.73. 7oA H&E WE 4

t}. 22 PLGA Y Ak A+

4°C, 10000rpme.

[€)
Te 2ad 2HVIE ol&std 14 odd e UJ%E}. => 9

5_’% =
A8l AAES Balst), => AHS 3to] A B

A=)
ol PVASH 2& R84, §7180 5& AA#G => 5AA%,

S 53 PLGA U2 Al xste] stHe Folz 19 FLo #7711 BEo)

APE Az

Lo =t => HE=ES 05 ml =HF S¢ith => o
1
25% w/v PVA (polyvinylacohol) &% 30 mle] ¥

1
% olgetel 274 olRAL WET => AHEE §7
gok f7180% T AAY => §7] g9 %
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PLGA

-

emulsification IF:
Organic solvent I g
(Oil phase) L 1.75 min
WO emulsion
WSO emulsion

Drug l
==
LJ
Do

(Inner water phase}
(=AY
(Outer water phase)
Freeze-drying l
: = Centrifugation
S
Washing

Fig 4.74. PLGA A Ax EF =

(3) A +4
Table 4.22. PLGA A +A4 &4

Formulation Drug amount (mg) Polymer amount (mg) Stabilizer
PLGA R 502H 200(50:50) 1.25%  (w/v) small
V1 15(DW  0.5ml
( ml) (Ethyl acetate 5ml) (Evonik) PVA sol. 30ml
PLGA R 502H 200(50:50)
(Dichloromethane (DCM) 5ml) 1.25%  (w/v) small
vV 2 15(ODW  0.5ml) PVA sol. 30ml
(Evonik)
PLGA R 502H 200(50:50) 1.25%  (w/v) small
DW .oml
V3 5 ( 0-5mb (DCM 5ml) (Evonik) PVA sol. 30ml
PLGA R 502H 200(50:50) 1.25%  (w/v) small
V 4 25(DW  0.5ml
( mD) (DCM 5ml) (Evonik) PVA sol. 30ml
PLGA R 502H 100(50:50) 1.25%  (w/v) small
Vo 15(OW  0.5mb (DCM 5mD) (Evonik) PVA sol. 30ml
PLGA R 752H 200(75:25) 1.25%  (w/v) small
V 6 15(DW  0.5ml
( mb (DCM 5ml) (Evonik) PVA sol. 30ml
PLGA R 502H 200(50:50) 1.25% (w/v) large
V7 15(DW  0.5ml
( mD) (DCM 5ml) (Evonik) PVA sol. 30ml
PLGA R 502H 200(50:50)
(DCM 5ml) (Evonik)
# Preparation only using 1.25%  (w/v) small
v 15(DW  0.5ml) homogenizer for 10min to PVA sol. 30ml
W/O  emulsion and 15min to
W/O/W emulsion at
25,000rpm
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(4) =% E, yield, drug loading 7%

(7)) =2 PLGA Aol &=o] duh} 5o 9o m (drug loading), 4HlE A&

o] &Foll s F&(yield), &HE F=of dis] Aty 58 559 H& (5

b 3y daRe F AFAE FHste] 12000rpm O E 108 5 4TeA oAl A4

tol 4S5 HS HPLCE 2 els #4%. #4350 A& & 4599

=S Holyx] ¢k BEZog o7 HQlE3I} yield, drug loadingS AAFSHC}
¥ 4E¥ yield, drug loading T8t 2> tha3 2o

— Encapsulation efficiency (%) = Weight of the drug in particles / Weight of the

feeding drug X 100
— Yield (%) = Weight of particles / Weight of the feeding polymer and drug X 100

— Drug loading (%) = Weight of the drug in particles / Weight of the particles X 100
(h 43

O EdE

100

80 -

20

Encapsulation efficiency (%)
8

Fig 4.75. PLGA 4=} E4&
— SEolA O EE AL o E|FZ 2 ES AL 2 B} BelFo] ¢ =t

~ oldopAlEol 2} HEm e rgrch 2te] 44e] £7] wie] ¥
2 WAl Qo] d2eedunt o Ao dad A Bo
3

— PLGA?] & B9 W3ks do7|# kst

A& PLGA Aol EES PLGA 4RY 59 o & 9= 2= o)zt
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= o3& PLGA %ol Ao avts &4 A4
AA 7] wjFoleta Heky

— PLGA 13#A FH & yieldo| 93
PLGA (75:25)7}F & 9 =39 44

+
50
I
.
—
D
>
o
s
5
2
N
O
it
o
0
i

e o

- 1 BAFY PVAE ARERES o] A A% PVAS ARERE o] B} yield7l U %
=3

— olAL BYENAY AT viTiA R nERES PVAZE 93 A ARetnt H
TE o] nREAe} BEo] R Aol RS 9] wEo|gty weky

- 35 flste] SEAYCIAE AHERS W 253 B471E AHEES W By yield7}
=t}

— O|AL 253 BANE A AUATF AEAE ofF FA wEY aWE B39 4]
Aol FokA7] wolet ddd

~ YVield ZWeld Rt o t2zznee f7]8uw AHgste] LEA S 200 mg
o 1 A PVAS AHgdte] TRAUCIAZ f8sH: Aol £ glole Wk,

@ Drug loading

10 5

NN

Vi V2 V3 V4 V3 VB \'F Ve

drug loading (%)

Fig 4.77. PLGA $]#}9 drug loading
— oEHolAH O EE AIEPS W EEZE2WES AFEHE ol BTl drug loading®] <F

)

— o)A oldoAHOIES yieldgt v Hil BUE @2 =] wEolvh A2 Ay
Aol W F=o] FdHNE A2t = F 7] wEel drug loading®] £ %=

|
o
iy
o
o

Al A= drug loading #tel =t

- oRe BEY ofo] HLOow BYFS Fo} BEe| o] Wolxy] wolety Heky,

|
o)
—
)
>
o
M
>

%ol A&F% drug loading #< =
L drug loading 3= A4S+
3 7+A3}7] wEFol drug loading

gi r1r
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o] Wolx 7] wjiolgla ke,

— #3E Ad TEAGIAZ RS W xS 2

— Drug loading WA RHS wf HE=9 ¢
g3, 735 Yl SRAVJOIAE AFE-S)

— X915 3} yield, drug loadingS # A4

o) PVAS A3 024 $S18e) 4502 o8 ¥5s B5e

i)
N
i
>,
ofo
3%
o
=)
%
o
[@N
[an

[

[0]¢}

k2 15 mgl® 14

o =
stal, PLGA %<& 200 mgl =3, WF 43 {7149 F39+= 0.5 mlgt 4 ml=

skhal, QY- kAR E 1 EAEFS] PVAE AMgslof sttbn ek,

1g AREFo B BEe i A ! i
MNe 259 B4712 AFReA 9 S RAVo] A WS Abggok st

(5) FT-IR =%

b H3: F50] PLGAYA gt AldlZ BY A=A .

>,\1
e e

£ ol

(\b) W Infrared(IR) spectroscopy+ Thermo Nicolet 380 Spectrophotometer® A}
g3to] 2AFHYT AFEHL 500~4000cm ' TF Wz J)=Hch A

Ee KBr §o% disce] ¢FH o] 4590

(vh 43
Amide
::1-----...___@. N - — Amide
o S e
g e e L — S
~J kﬁr;lilr
" e s _‘\f__ e —

Fig 4.78. PLGA $#¢] FT-IR 2%
- B%9 FQ ¥AE 16007 3300cm” el vERt=dl o) b S A<l
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¢l amide bond®l thst I F 0|}
- RE 929 935S 1600, 3300cm tellA] 9 AS 7FA A ek=t),
- BE QA5 AHAEZLE PLGAY AFAEH HA
— oA &5 PLGAZF ElH o2 Aol AE7E ofdel B0l $hElEtAl PLGAS
o FdEe Stk 2 F5T 5 A s Aol
2l 939 amide 39 Alg}goE mo} H=o] PLGA U
o /\ 011;]_

7h H4: PLGA A= A A7 wef W= 7|3 BYE Sol EEbA7] el o]
o} -t dA 4715 &2

hH W9 A =27] B4LS dynamic light scattering analyzer (ELS—8000, Otasuka
electronics, Japan) 0.2 SAEHIJY. A= Tl FAESGNL, 253 &
A71E Agsto] YA T A AES HAS ST

(th A3}
Table 4.23. PLGA & 371¢} 37] X
Formulatio | Mean size | ==} Mean Tt
n (nm) polydispersity
V1 428.8 25.6 0.1459 0.0191
V 2 529.9 4.4 0.1799 0.0710
V 3 564.5 4.6 0.2358 0.0511
V 4 507.4 5.4 0.2370 0.0422
V 5 504.9 5.3 0.2426 0.0117
V 6 525.3 12.5 0.1507 0.0210
V7 557.1 13.0 0.0922 0.0940
V 8 1573.4 61.2 0.1381 0.0326
- HEEEdag 53 Audor w2 AddS Ztet oA {8 YR
= A gakskA] kAl stk YA f71E S T JAE =Y L A
sk AA R =EdS u UAA7F FAAEG wide A EolAH o EE B3 FEA
Aol 7] "zl o] fules FAS F3l vud AfEA FAlksto] 95 XA
2 4 Sl olg7] wiEel dEolMEHoIESE SR AMEFS u dAF AV|7F HER
FU S AFEFS w Bu 9 #ohal deE
— AL ko BEo] AMEHYE W FYUES B2 o FHo] AMLEHAS W KUk EUh
O] AL Fo] W "l A S ¥3hetal o] Wil A S0 7= A7) wimo] YA A7
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FAH A= AS A A gt
— 20kDa phospholipase A22] bande]1, 3~12kDa™ melittin® band= 2jw] 3k},

(8) In vitro €= A ¥

7hH =2 PLGA 4= dolA &=o] drte] 717 &<F ofd oo Roln wWEy =X
£ in vitro %eolA el

() W 60 mgel Axd U]‘ﬂ?%% 1.0 ml9] PBS(Phosphate buffered saline, pH
7.4, IM)ENo 7 BAAIZ] & dialysis bagell ¥ F 1.0 mle] PBSE ¥3

3o & 37 ColAl wieF (Incubation) 3FAA A7+ o] whaf

271 U9 PBSE A5, 45 T FEY F5E SHs nHT=E

FH WEHE 559 S AT §7] dele 9A AR 4589

(PBS) ol AN A HE=AHS AlE538HS]

(th 23

100

80

e N

—i— 2
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50 —l— S

s
s}

e T -3

cumulative release (%)

30 - — - —— 5

20 - "’f,/’f —e—v 5

10 s _4_%__‘___,,,._4—“*" 1 t— B

) time (h; N N
Fig 4.80. PLGA 4A¢] Azte] mE 55 &2 23
- RE AFelA BEo] AwE He o] BAHU
- M o] BES ALREZ A o] B o mEA o] BYHo) JonE @
& %9 sz}ﬂ Wl H AN F5o] wEsty WEo] =tk

~ olFolAHClER ol g} AxT A WEe] YIRS ol §dt] AxH 9
Auck o AwEe 4% Bl
- elste Adebddel st Eske) el Fof 7180 S AN Aok
E7b Fuste dartel 9| §718u7k Ho) Q4 HWolEX 1A Abolafele] T3
S @ AYsel 10T AR Yn YA} WEIA ABEY AT Ry B9,
e o Hol

(|

Tol Ws) UFREAES ol g7 Uk Bahe] Aol Mol FUA Q4 k] A
ggzzdde] A TS Ayste] Tl ¥So] wEW T2/t U Bol WE
oA WEol o WE Aow o,

— AAFoR S o4 AWES el 2 HAT 5 g9tk

(9) FRAVACI R A3 B2l gy
Oh %A 99 AYe] AshE wob 23T FAVIE AHESE R Bu SRATlAE
AgEHE Aol 9 Aol AR 8 Yok FAG] ZRAt4E ¥



RPM, 2 & A ZIJAAE 2l

b W 5 1 mg/ml w52 94 Azxsh o] &98 15000, 20000, 25000
rpmo.#Z 1, 2, 3, 5, 10 ,15 ,20, 30 %% ice bath7} = 33 e 43
M TEAY|AS AE3 F BCA assay? @z FFS, HPLC H4o
2 e s AFs
(h 43
melttin content % versus only bee venom sol. Proteln amount % versus only bee venom saol,
:g 8 1300 rpm i ne sow Fach) 100
a0

muelillin conlenl 0 versus anly bee

Fig
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Hme imink il By 5% st |

2000 sy (o btk
w200 e i ey
W 30 rpm o son badh))
8 5000 rpm boe Bath

10 20 30 50 100150200300

[y

55000 cpen (e bath &
tme imini wdaR g 5% aaTom)

Fralein amsun] % versus snly bee

4.81. ZEA U] # 9 RPM3} & Al7te]| wE melittin SHFAT B dd kA

A9 oAy AFEe] AR Hol {3E Y3 eI HHVIE AFEE|HTE SR
o] AukS AFEShE Zlo] o dd ol o AR rpmoZE o= A% T EAL
O| A5 o] A3tolA A g3l Fo] £2A Lotrr] §ete] vy F2 AFS 1

ZAGel A rpme] Ao 15000 rpm¥ W, 208 AT TEAUo|AS AL
S o oF 10%9 AalEl g&Fo] TAsa, 30+
°F 10%2] d o] 7hA4she

g A48y
& u oF 10%9) Weln Bl HadAw, 308 FE TRAUIAE AEAE

FEAYO]A 2] rpmo] ZF=olA 20000 rpm¥ ®, 157 FE S EA]A
[e)
oF 10%¢] w0l Fas

32
&%

< o oF 10%9] HAgd" shFo] HAsa, 20 A% IRAVOIAE ALY

£

SRAGelA Y] rpme] AdZelM 25000 rpm 9, 102 &= TEAGOIAE AE3
o

ok 10%9] ¥ o] Zhastelt,

ol AFEL FRAGAL B o oA oa) wuldy} Welgo] £ W
7] wjEol et Heg

.

EAYO] A9 rpme] ice bathel4 20000, 25000 rpm¥d W, 30% AE ZEA O]
AZ A& W oF 1029 2ejd ko] Aasqli, 20 4% =

e w oF 5% wuiHo] Hasiiint

SIEAYIA L] rpme] ice bathellA 25000 rpmeolil &= &4 5% sucroses #H
7Fekgls o, 302 A% TEAYUCIAS 8RS W 5% R do] s,
30 AL ZEAVIASE AL s Wl oF 5% wmAde] sl
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- 55 §Ng SEAYA AEA ice batholA A3k Aol B52] AP o] F
ov, RAYVeIA AL rpmI Al 20000 rpm, 5EO|W7F HAEdH, & o
sucroser s5e TIAA S5 Y HF3 AL Aolgt

(10) #FA 39 PLGA A9 A=

b =4:

?1¢l PLGA Si#te] dddss4
PLGAYAE A=

Edz HAsE

in vivo A3l Ag &

(Wb dAk Az By

PLGAE tZF 22 ee) Q)

9 F gAS THRAYO|AE o]8£3}9] ice batholA 20000 rpmO. 2 3& E<F &3
o] ox} oA (w/o emulsion) S WHETH

AzE odAS 1.25% w/v PVA €9 60 mlel
20000 rpmO. 2 5% %o Ag3lo] o]z} o4

& &<t stirring ste] 718 wWE LA
4C, 10,000rpme.2 YA R 3t gA=E &

—‘—E]H ?:]X]‘aa 7']_%_ @‘E}

=i

S EAYOIAE ice bathollA]

A (w/o/w emulsion) < HFH=t}.

st F7

2 3we) A= g,

() 4= =4

Table 4—24. #3738 PLGA A =4

. Drug W1 Polymer
Formulati O volume .
on amount volume amount (mL) Stabilizer
(mg) (mL) (mg)
Bee 1.25%
venom 30 PLGA R (w/v) large
VC 1 DW 1ml DCM 8
+ 5% wiv 15020 400 PVA sol.
sucrose 60ml
Bee
venom 30 1.25%
+
Ve 2 5% w/v DW 1ml PLGA R DCM 8 (w/v) large
sucrose + 502H 400 PVA sol.
1% v/v 60ml
tween 80
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Fig 4.82. #5319 PLGAYAS] B8
- T QR BT He 29 dojgtt.
~ Sucrose® AHEE QA7 AL S AT BYFO] 2T BT

— Sucrose°] 23 E9AE A% 3= sucrose’t YA AF #H E<QF membrane
bilayer? 3= ©= membrane protecting &S 2zt7] wjFof Aoty wok
#. (Crowe et al.,, 2006; van Winden, 2003)

@ Yield

ki

=

100

80

Yield (%)

20

VO L VC 2

Fig 4-83. 24 3l¥ PLGA }#+9] yield
— Sucrose® AR YA 90% 179 yieldsks 7HH
- A7 AgE AFE MR ¥ B v £ yield & 7t ddkE.

@ Drug loading
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Drug loading (%)
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=]
|

VC 1 VC 2

Fig 4.84. 33339 PLGA A9 drug loading
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— VC 13 VC 2 ¥]5=3t drug loading #2 7FH Ut

2L VC 1] EYEE EAT yieldgt®= =okA drug loadings AlAbehs 32 oA
B, AR B AA A Ayjet dekg.

A58 PLGA QAE Audz nuold 280 Ayl 3~45 Fr 5=
o E5E JEhd T AL gla
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Al 5

=t B tiF AH R FEAdE TF5e AT AF

(A 3 A - R gdT)

(D AP=A  B5S Adatste] AFRAY] ANAE B5S O ART & A= P
WEA Bastth /E ARE B ANAFOR FEW AEAAE F 5 YT E
AANE Ba RS 5 Qb 25O Fm de A@gHe] gold 1Et AEe
SEAAE A FEA F5E B BES RS S Qb A AY F1 AN Y
Aol v o3

Ch WEe 9% sdem ¥E AZE mISY) fdetel AL a7 2. o W 13

AR B %ol o 0.05mgdE HM, FW 2W Hol el wH WY
A7 AES ol Fgol o =A Mt B AR Al He NS AT sloh]

b

(th

(=h

("H

(1h

ARl Mol HESUA 1 @21H A s B A ol ol 9o} AHAw
del BEW WAl Hn HelAE 2 9% FA gu eguHd ge BES
EERIE

BEY AHRe] WEO] AFS Wol BES ) HW, ¥% wfe I} e
MES AFete]l Adwe] Wol molA Hid, of W WEo] A ¥ Wx
gee RS ART 5 UL,

gy B2 dEo] AR flelA wkE
sol® dFomA d) Aow BEg A
70~80%7F AA4.

NE BE AT A3 AWl FA 3y F odw wwow Hs)

o] A8 AIFE Alo]B Fi|: A7b Qo] HAFE 2.5mmo] 3 CAM:
35mmz AT Abolsl Ho| BEo] o] %o HA)
[e]

CALRE 209013 AHAFo] B AL FAFAS.

N
i
I
I
<
o -
5
=)

ASRA EAE BE AN ool MEw wEs A% AESe|7 $EAR7)
o Mmz P olF MACE X% ARG AUI BAow BE BrdA
g e MEoR oEste] Axstelof sk, o EA] wlth A3

DA ol FA b AR -Adshok st AHEde AR

8 INE 9 Ao A H.
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120.00 !
20124 32 m——
20124 42— ']
20124 52 ———
2012 6= ¢ 5
A00.00
S0.00
=
E‘ 50,00
=1] :
=4}
=W .00 ’
Z20.00 }d 3) h
i1
1)
: %}‘%ﬂﬁﬁ—%
0.anp——— ——
o000 10,00 Z0.00 ZF0.00 SO.00 S0.00 S0.00 FTOo.oo

Fig 5.3. AI7]2 AFAE FF54E £4 1d=

2012@3} 20139 dx =& AFHsk= A17]<)

21 39nE 697k
e ula Ad adel met BAE YRER Aot ere

1o
=)
ro,
e

oZ 32
e [0 o
> O

RN

SEAOE AR FF Aole AL YEUA] ges glsto] AFE
TEFddes & AV gl oE A7E

(th dAzAE ddo] e A2 W39 zole B5& d4AS s=9okE dEE
Az 7Fgstel AA, QC(Quality Control) A|2ES AXE Ao AT
A= S AowE B unt, &5 d¥AE F HAase(Hyaluronidase)
24849 Aol 7bE WIFst AolE BHol FF QCY Fos gRlow
e Eojof 3 Fow FAd H

@® "¢ & Hyaluronidase (HAase) &4 A3}

delo] wE HAase A= Pludt 23 I AEdF 24
7F Qe Aoz S,

(£ ODsgsnm/30min.)

3 44 54 64
1/10 34 0.26 0.27 0.25 0.23
1/4 34 0.472 0.411 0.397 0.413
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Fig 5.7. FAEFAZ #A4) At ZAE
(h) "ZA 5 (CBV) 2.5g= H|o]A] ¥ FHFFDW) 100meol| &3A17]31 23l
Bes Buzurio] Yol FHS 150mE Hlo]AL UYHS RolFuA Hrtsh
oldolAE|o] E (Ethyl acetate; EA) 250mS Y31 2 EE50] Z3hA|7]. o€ A
FHlE A7) ERdE HEZAWIE A AT FAE Dol dge wgd
EASY FRTFol Add Aoz Feg. g9 A5 (EAH otHsOW)F
ot Zell Sl TRHTE WoAE Fd Wob i TS wE FFste] wot
e wEE SHTFTS wHZdrel ¥Ya EA 250ms 9al E§Ehe
AAAZIHE 7 Fox FEEHed A4 F5 HlolAE FE ol w5 YW
SRFSS BEZr)e] A ¥ EA 250mE Y1 Edsle] AXA7E F
To® FYHEd A7 F5 vlo|AE F3l wol 5. oA 3AteEel HA
B3E 37019 EAZS T% @3le] omsle] Fu, 1709 DWEE o 131
HFEoto] 5. FE8¥ TFTSd EAS FR7F 1ilelA 1:0.1¢ Wl WelA
Aele 2Hdow FAESES Axste] sHexdxd(ds =, 9 AIUES
71Z0 2 DW= 250m 3 EAZ 375mE &3t 2AuE= 1:0.59).
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Fig 5.9. X &% £F o}& 2] LA=9 HPLC chromatogram

O & FAss A WHeE F8A4FH ALAFTY Hl&o] 1:1. 1:0.5, 1:0.25,
1:0.125%1 4F7 AEE 77 Alxste] HPLCE o] &3te] w4lst Ay, oy
Gl 8T YEEFS 4FFY AETE AL Aol7t filer (Fig 5.8)
A48T FFS 29min®] AR 2ol ALA HlEo] FhaThel| wep kol
Hg 8oz 4ds 32 & 4 S (Fig 5.9)

<
kel
>
]I.IQ.
(i,
[>

(1) Ad &4 : zHh} HA A 7]+ (pulsed electric field treatment

techno

H
logy)& A714el oA olgste] muy AEsA ee xelA

v Ee APESHY] SIg A e Ao JieE.
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D PEF Ay =4 &

k7t 90% EtOH¥ 40% EtOH 4mlel

sAsa s A A s

6,000~9,000V 9]

SRRl g3to] ApEA 9o Axz
AT SPALY BUYAE B AUBY T ATE
SR EERD el7l

g F5 A5 200mg CBVSF WBVE & 4mlel LBVS LWBV=
52l samples AYIAHE § vessel
7] 28l vesseldFol &viE A9 Wo] ¥V
1AGH 719 AAsto
13]o] 8~20pS Ao R A E]s}od

QFA87]129] vessles

o
A&

o

TS AASA,
T=H7F SR E,
200 S A= A& sk

Fig 5.10. 23 ¢A 2 (PEF) 73

Table 5.1. 2A¢A 2 (PEF) %4

CBV (crude) LBV WBV LWBV
Sample (mg) 200 200 200 200
solvent (ml) water (4) 90% EtOH (4) water (4) 40% EtOH (4)
gap setting (mm) 6 6 6 8
charging
voltage (kV) 6 6 6 9
Treatment
time (uS) 20 8 20 10
pulse number 10 25 10 20
Total treatment
time (uS) 200 200 200 200
Treatment
voltage (kV) 10 10 4 10
vessel
height (cm) 0.4 0.4 0.4 0.4
total treatment
voltage (kV/cm) 25 25 10 25
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o 259 FgadH .

(1)

(2)

7h

)

AREH B P 4L dnHow F A Ui o oW 54 w7}
BERI Aelge 9 2 Azl wet Gl WE £ A8 FY @ 5 AL
webd] $5o Aol Ushl SAWEE Hol #FES ol &3to] in vitrool A

R L a-
7Fed & Qe 1 ToARE 5E3] nAGFEA AP Po] 5SS IS AF
Gargdo]l WA A=A Rl flete], S KIST(HES BRARED) o A
BFeta e nAGAH7E o)g, 1A (Sophora flavescens)FEES positive
control® AMg-3te] Tt EA S v+

A= Micrococcus  luteus, Staphylococcus —aureus, Bacillus — subtilis,
Enterococcus hirae, Staphylococcus epidermidis, Streptococcus mutans,
Propionibacterium acnes & 7%% w2 37|43 @71-dde] ot 12 I+
45 disc diffusiony o2 135135

1A Azbe] AJRE 20mg/mLol HEE st "W TR Ee DMSOOl =9 %,
paper discol 5ub & Hgste] HAxAIZ. ZkzFe] A2 E paper discE 2t dF7t
ShE plated] & Ea 37TCoA 24A13F Wl ¥ clear zonel| AV|Z A A S
Hlwst Ay 7% BF HEE=AZHT positive controldl TAF FEE9] clear zone
g A dehdes AS g1sglew, SEAsd g dardAol 7HE A
Uely= w55 Enterococcus  hirae®}  Micrococcus luteus TN 7H
Aol A JERYE RS #1893 (Fig 5.11) EEAZE I A
3ol (disc method)).

N

S.aureus E.hirae M. luteus Pacnes
(anaerobic)

S.mutans(anaerobic) S.epidermidis B.subtilis
Fig 5.11. 35A 849 334 &9l (disc method)

oA AR REAE W FFBY FT FAsGov, FRES Uehs F
=

21 2] & = (MIC:minimum inhibitory concentration) S ZAA3s}7] ¢3dte] 7F9 HF

m B
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f

’

Zkzko] wjAlel HE F, 37TColA 12~24AF wikato] wikele] ODeoo #k©] 0.27F
HeE ZF Wi E dHyd mAR Aete] FadEEs FAE #FE SR 96
well plate H linedl:= AE 100 wE FYstr YAl welldl= #iAE 50 wA
T3t 3 H linedl A& 50 wE #FH3o] G lineo] ¥olF1 pipetingdts=
WAo® A line 7FA HHE3SH 1 % plate welle] &H® #5F 508 HFstaL
shaking incubatorelA 37T, 120 rpmS= 24A1F wsta, 0.1mg/mle
WA Aok (o —INT:  Iodonitrotetrazoliun  chloride) 50pls i1, A294
BAAZIE, dF7} X}%‘f welldld &= HEA4S YA FHol o] HA g s

o

ghol, MIC%S 24389 e (Fig 5.12).

S.aureus Minimum Inhlbltory Concentration (MIC) by p-INT method 9/8
control control control

(th = A3 Disc methodollAe 4 FEEY 4ol M £2 o=
gelEglont, ol A= 1t FEE MIC Fhol w5 weh 62.5~125
pg/me] FEeA azE YERd i, SEAIE "BVIL'S A MICate] thE
Az el Zpol7 S RIS, AdE 59 Ehirae®t Mliuteus® w52 735 MIC
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2 0.98 pg/m=E FPUNE)] IAFEES] MICRe] vlal] 60u] o] Fwtg/do]
st Wb B subtillisel WA= &rF ¥l E oFst Zo® UEE S, ]
Zo] AR M g & xolE e R (Table 5.2) 11¥ A&7}
7P dedgdAdol ¢ekglal PEFA S 5, 6, 7, 8W AlRs FTdAClA o
P 5o Fo4Q Aol UrhiA ghoks,

Table 5.2. #FE &5 B3 3 H4LJAFsE MIC)

con.(ug/me) ** P_Clpositive conirol) : Sopfiora flavescens extraction in DMS0
PC 1 2 3 4 5 6 F i 8 9 10 11 12
500 500 100 250 500 500 500 500 500 500 250 500

S aureus
Mooncaer ety 3125 625 3125 3125 3135 3125 3135 3125 3135 |3125| 3135
) 195 781 185 ©0®8 199 185 183 195 195 |08s| ose8

E_hirae
e 781 1563 1563 391 1563 781 781 781 781 |7B1| 781
! 1395 301 185 oos 185 185 05a 195 195 093 055

M lureus
RS EEG 1563 1563 1563 781 1563 1563 1563 1563 781 |781| 781
125 =1000° &£25 B825 625 250 B62.5 625 625 3125] 3135

S MUTans
R 625 625 3125 3125 625 625 625 3125 3125 |3125| 3125
3125 62.5 3125 35135 3125 625 3135- 5125 3125 [3125] 3135

S.enidermidi

625 625 625 31325 625 135 Bb25 2.5 3125 3125 B625
=5 500 500 500 500 500 500 500 500 250 500 500

B subtilis
RS 1000 1000 1000 500 1000 1000 1000 500 500 500 500
1000 1000 500 500 500 1000 500 500 500 |250| 250

Pacnes
i 250 2sa 250 135 750 500 250 250 135 125 125

3. 2% (bee venom) & 7|AYH &

7} A (e B w4

59 75%v @A AEoE FAHY Sled, @A 24 Wi 3 FRQ
SEC(Size Exclusion Chromatography) columns ©]-&3}o] ®EA[3o] wel 252
=33

(1) &5g 10mgs AYU3] <of DW 1meell vortexingdldAl o] 0.4mm syringe
filter® FE & ¥ HPLCE o]-§ako] %43,

(2) melittin, apamin, PLA2E %59 standardE2& % A3l sigmailel A F+ gk
standardE 10mg/m¢ 2] X2 §33lo] HPLCE o]-&3fo] HA3h
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Column Protein—pak 60&125

Mobile phase 100mM triethylamine—acetic acid pH4.5
Flow rate 0.5ml/min

Detector UV 280nm

Column T. 30T

Injection vol. 201l

Run time 70min

120.00)

400,00

80.00)

2 mv]

G0.00)

Rl

20,00

0,00
o.on 40,00 20.00 20,00 40.00 50,00 G0.00 70.00

Fig 5.13. $4A Y= (WBV) 9 HPLC A EuE 1%

relithin m—
PLAZ
apamin I—

Al

Fig 5.14. 252 9 ¥&F uwzxE9 HPLC IAZvETHY

(3) HPLCH¥A A7 39minolA melittin®] major peakl.Z FHZEX ™ 37minelA
apamin®], 32min°lA PLA27} A=A, o}dl crude BVE standard(melittin,
apamin, PLA2) 2] HPLC chromatogram< ERS.
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.onle (44 2d) B4

(1) BEoz7RE BIE Az

4]

(h

BE 508 B 500z HEste] 2HZu7)o YS. EA (ethylacetate) 500ml% 33
FE31 F52 YA n—BuOH(butanol) 500ml=E 23] 8] F=3to] 52 T
F%3to] EAEE(BVE, 420mg), n—BuOH®32 (BVB, 820mg), H0E3&(1.2g)%
FHAH259) S B+
Bee Venom s g)
|EtOAc/H20
EtOAc fr. H20 fr.
@z0ma) | n-BuOH / Hz0
n-BuOH fr. H20 fr.
(820 mg) pipetting
..E S B? oY SL(JP;agr)natant rg%ig)ual
HE=1:1  C:M:H=18:3:1 '
-~
1
Fig 5.15. 59 #3 AA= ¢ TLC A%
Aojx z} FE&of tfdte] TLC(Thin Layer Chromatography)® A% profiles
ZAFSES . EAEE2 oF 559 FoAWo] EAlskE ACeE YEtwed, UV
7 9o FAES § 7MEEls we s oz wbAlE o] gliphatic $FEER
F4%. n—BuOHEE L fructosed] o] UVSFE Holx= 359 3gEo] A5+
Hnow Yeygd. =52 gFEE fructose®lyr n—BuOH E33} nzkzixj2 UV
F5E Hole 3F9 stgEo]l EAk: Ao ® e,

EAF & (420mg) 6.2 HE  silica gel column chromatography (&  13X22cm,
n—hexane:EA = 19:1 — 17:1 — 151 —» 12:1 — 3:1 — 1:1 — CHCI3:MeOH =
7:1 — 511 — 311 — 1:DE AAs 30mA 2H3 S, 2 23HAS Si0, TLCE
gelsto], fASE 58 9 Rod, s538te] 21719 #8EBVE-1~BVE-21) &
dom, o] F 34E1(BVE-3, 51mg) 3} 3= 2(BVE-7, 15mg) & w353+
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BVE (420 mg)

8i0; c.c.

P13cmx22cm

n-hexane : EtOAc=1%:1— 151 — 1211 — 31— 111 —
CHCL; : MeOH=10:1— 7:1— &1 — 31— 11

oDSTLC sio, TLC

51mg Wf_m\g

- @ -

1234 56 78 91011121314 15161718 192021 § 123456 789101112 1314 15161718 192021 §

Fig 5.16. 2% EAE3E TLC Z29¢Y
@ BVE-39 +x& 24

BVE-3¢ 'H-NMR& ®wW 531lppmeld #=" 2709  olefine methine
signal2F-E chain A9 o]sdgo] 3t 7] Edste= A= #HH. 0.85ppmelA
#=3" 3t 19 methyl signal®] coupling pattern(t, J=7.6Hz) S 2H¥ 2ot
methyl7|Z &4, 1.6ppmolA 1.2ppm Alo]olA ©4=9 methylene signal©],
2.0ppm FZoAME 2719 allyl methylene signale] #Z5EH 3. %3k 3.59ppmelA
oxygenated—methylene signale] & 7l #Z¥ o], chain Col FA|7F SAES &
T AS =,

YC-NMReIA 20709 &4 signalel #ZE 0. 129.8 ppmelA 2719 olefine
methine signal®], 62.9ppmeolAl 1702] oxygenated—methylene signal®] #=ZH 302,
T3t 14.0ppmeolA methyl signal®], 32.7°14 22.6ppm Ale]ellA 1670¢] methyene
signalo] #=HAS. Wb 3EE 1S 20719 €4 o]Fojn AEd IFER
deke] FAI9E T methyl”], olFATE VH 2R AAHNE. olF AR
2 x= MS spectrumo] 48] fragmentation peaks E3to] A74d. NMR, GC/MS +%
57 A3 F2¥ BVE-33t8ES 11(Z) —eicosen—1-o0lZ AP EAOH HA &3]
TAetE =4o] ofHEE, B59] AEAFCE AT 7 s

"NMR data of BVE-3(51ma) |
'H-NMR

Fig 5.17. BVE—3(11(Z) —eicosen—1-0l) & 'H-NMR, *C-NMR data
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i Time:23.069

5o

+]

3]

2]

10] A 11(Z)-Eicosen-1-ol
IEh) Tas =) TS ELEREE Eif) HE =o ED =0 ER Er) 13 =n
£ 10,000 D00y

1]

1221

Time:23.069
11(Z)-Eicosen-1-ol

i o LIuL

U |

OH Chemical Formula: CoHs0
Exact Mass: 45.03

OH

Chemical Formula: HO
oH Exact Mass: 17.00

OH Chemical Formula: CgH470

Molecular Weight: 129.13

Exact Mass: 296.31

OH

Chemical Formula: C10H1go.
Exact Mass: 155.14

Chemical Formula: CgH3g
Exact Mass: 252.28

Chemical Formula: CyoH3g
Exact Mass: 279.31
/\/\/\/\/\/
Chemical Formula: C4oH>3
Exact Mass: 167.18

Chemical Formula: C4oH34
Exact Mass: 141.16

Fig 5.18. BVE—3(11(Z) —eicosen—1—0l) 8] GC/MS data®} fragmentation pattern
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@ BVE-7 7247

BVE-7¢] 'H-NMRS KW 7.69, 7.50ppmelA 27]olefine methine signal®]
#=5 A=, chemical shift7h w9 AAFOR shiftH 7] wEel, aeEEE
TxUe]  EAste=  ol=Agdor FAE., Oxygenated—methylene  signal®=
4.24ppmellA BFH o] allylgl Aol = Zox FPHAS. 3 0.74ppmelA T
methyl7] 7}, 0.83~2.0ppm  AlolollA  ©t<42] methylene signal®] T4 32,
13C—NMRAA = ¢k 20702 ¥4 signale] T=HUS. 168.3ppmol A ester carbon
signal®], 130.9, 128.8ppme°l4] 2702l olefine methine signale] FI=H3AL.
66.2ppmellA 1709 oxygenated—methylene signal®], 14.1ppm°l|4 methyl
signal®], 29.6~19.1ppm AFelellA 16702 methyene signale] #ASEHAS.
168.3ppm<%  ester carbon signal® HMBCE =743 A3 4.24ppm9
oxgenated—methylene proton signal®} correlation®] X.ol &5 132,
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Fig 5.19. BVE—79 mass spectrum
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(b 8 BVE-112%H A&2A 3FE9 £, FA
@ AEA gF=E £, IA

BVE-114#% (41mg) el tislel ODS c.c.(@ 3x5em, MeOH:H0=1:1)& A A3}
117§¢] #¥ (BVE-11-1~BVE1l-1DS €%lon, ©o] F 3§E BVE-11-7+8
(4mg) & el A8

BVE-11 (41 mg)
ODS c.c.
23 x5em
MeOH : H,0=1:1

'
' -
N ' 4 Jiet,
- ’
S :
fi:.i;}f’ﬁmi A 'b‘fﬂ!l!
MeOH:H,0=5:1
TH-NMR
CD;0D
B g
0.

Exact Mass: 254.06

Chrysin

Fig 5.20. #3 BVE-112%¥ Chrysind 7+x%Z2%
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Bee VVenom (20¢)

80% MeQH room temperature for 24 hours x 3

MeOH (5 g) residual (14 g)

nHP-20 c.c.
100% Hz0 —>100% MeOH = 100% acetone
@8 cm x 50 em

H201r.(39) MeOH- acetone fr.(2 g)

n-BuOH / Hz0 e

n-BuOH fr. peamgy  H20 T 20)

28 00

H:E=3:1 HE=51 C:M:H=1531

\
- .

CHCly: MeOH : H,0= 65:35: 10

=0

e

Fig 5.21. 859 £

2= 20gS 80% MeOH 1LoA 24A17Fget =3} ©o|& 33 HEE3o] MeOH
FZ5(Bg) Y FAH14g) S 92, MeOHFZ=ES Diaion HP—20 c.c. (06 %x50cm) &
AAEe] H0EE (3g) Y MeOH-—acetone®3 (2¢g)2 d9on, H,0EFHS

n—BuOHS o] &3te] #HZu7|oA FE3ste] n—BuOHT I H.05 (29) S I+

@ 2= BVMMAERE3 oz HE XNBAES 2o @ Tz 4

BVMMA (MeOH—MeOHeacetone) i3 (2g) S 2 H-H silica gel column
chromatography (& 5X14cm, n—hexane:EA = 30:1—-20:1—10:1—>1:1—
CHCI3:MeOH = 20:1—15:1-10:1->7:1-5:1)F A8t 30m¥ 38k, 2F &
F A= SiO2 TLCE #lsto], FAHE FE== A Eoi, w538k 14719 8=
(BVMMA—-1~BVMMA —14) & €%lon, o] & BVMMA-5, 190mg) & &8t +.
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BVMMA (2 g)

Si0; c.c.

5cm x 14 em

n-hexane : EtOAc= 30:1 — 20:1 —10:1 —> 111 —>
CHCI; : MeOH= 20:1—>151—> 10:1—> 7.1 —> 511

R BN

i1 2 3 4 5 6 7 8 9 10 11 12 13 14
130mg 25mg 53mg 130 mg

SiQ; TLC y y
q
&
—* i i -
T H
o F f

23 e }‘r fm,, m

n-hexane : EtOAc= 5:1

o= ot

o B 5. On =
' 234858 FTE ﬁm,‘.ﬁg;
1é i3 : :

CHCI;: MeOH : H,0= 16:3:1

Fig 5.22. 5= BVMMA® oz Hy A FAHEY £

@b BVMMA-5(190mg)& ODS c.c.(@3.5X5.5em, MeOH:H:0=1:1)& 4
®HE EHAG ODS TLCE elstel, AL RFEES ¥/ Rox

T ==
18719 +3ES A3lomH,

BVMMA-5 (190 mg)

ODS c.c.
@3.5ecmx55cm
MeOH : H,0=1:1

rrrrrr1rrro01 1T 17 1T T 1T T
1 2 345678910 11 12 13 14 15 16 17 18
7mg

0oDs TLC

o] » ’ '
N RO fins;afz' / S E A A ARG AS
ALl 9 B2l

MeOH:H,0=7:1

HDW‘
au b

pinocem brin

CHCl; : MeOH : H,0=17:3:1

Fig 5.23. BVMHB®3 (268mg) © 8 ¥ Pinocembrin® +% =73

& BVMHB (MeOH—Hz001—BuOH) 2] (268mg) .= silica gel column chromatography
(@ 5x14cm, CHCl3:MeOH:H,0=23:3:1—21:3:1—18:3:1—15:3:1—14:3:1) & 4
Alate] 2} 3 NS SiO; TLCE FQlste], FAMSE BiEs @7 Eoi, 553}
12719 #3E(BVMHB-1~BVMHB-12)& <&3l°oH, o] & BVMHB-3+4(18
mg), BVMHB—6+7 (10mg) & w2835
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BVMHB (268 mg)

5i0; c.c.
@5cmx 14 cm
CHCI; : MeOH : H;0=23:3:1 — 21:3:1 — 18:3:1 — 15:3:1 —= 14:3:1

1 2 3 +4 5 6 + 7 8 g9 10 11 12

18 mg 10mg
Si0; TLC
1 n"‘) i f
o f
— oee. o
Q. QDD (;‘Z-w:?’;
4ED:ife

CHCI;:MeOH:H;0=65:35:10

J ]

Fig 5.24. BVMHB #3829 A &
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(1) a4 A =4

Op AdEA: HF50 AR Fo /9 a4 % Phospolipase A2(PLA2) 10—-12%,
Hyaluronidase (HA) 1-3% dX%& X3tz o] o], PLA29F HAS &4 SXH=AHLS
w3l BEo EAHTS A 7 gstaat skels

>
¥
o
_l {

) BEAF7Z AFE BF5CBV)Y 22 A" 455 LWBV)S 22 25ugd
=74

50ug A 338k ﬂﬂfﬂ HAase 9] %}H—"— =74 wlws Ay LWBV 1:0.259]
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(th A" &5 A5 ¥We S4% LWBV 1:0.259 4¢7F 7 & A2
a8 A7t WY &4 Sk B gl AoR FAHSNCH, Fo U
RolM= 18 FoAl ARl AeEv spreyi¥Ael  F£94(1:0.25

20 7

15
1.0
0.5

0.0
Control Ocular 1 Ocular 20cular 3Ocular 4 Spray 1 Spray 2 |[Spray 3| Spray 4

CD4/CDS ratio

Fig 5.26. Z+ A|84 AQFEA S} Axgo] il npE HIAZ7} 53

(FH) "o 42 20109d% LWBV 1:0.25(G1) Xt} 20119 LWBV 1:0.25(G3) 7} v %
-8kl (Fig 5.27, A1AREZA 2 38 A9,

1.0
0.9 ,,
0.8 | = )
0.7 | =
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£ 0.6 [
= o5 } =
T 04
=
03 | [
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iy J
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Control Gl G2 G3 G4 G5 G6

Fig 5.27. 25A8¥ HA98A vlu

(mh & AAxHoA 9 chrysin %5+ HAasedA e Wsto] J3FS vAA &%+
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@ 3tH, HAase? inhibitor® ¥4## = Poly(sodium 4—styrene sulfonate, PSS,
m.w.~1,000,000) & ©]&3}o] HAasel] A mlX&= JFS Lolr s,
% =+ [Differential selectivity of hyaluronidase inhibitors toward acidic and
basic hyaluronidases., Glycobiology. 2006 Jan;16(1):11—-21, Isoyama T, et,

Jol = 0.0091 M= o] &€3}e] B=(sigma 55 40mU) S 50% A (IC50) A
ﬁqh Ao ZASF] 0, 0.005, 0.006, 0.007, 0.008 M2 PSSE 2t7t +4]&
ol HA7HAFTEE) o] 2011 LWBV 184g9 okoﬂ ¢t HAasedAH & 42 =
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ExBAol AaEH 90EHE F AR thxel vl 26%2 EiATAT e,
W, PLA2E= HAase©l Hla =5kof M35+
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Fig 5.34. 2438 X552 HPLC ARvIEIH
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5o FEITA aase] dd] FeAEEol WellH 1 Ve Aol A=
EA7F A=, wEbA gstE AP AxE7] flE 47FA typeel AF (Table
5.3)= AFsw GradEe] whrvh wHe] A FEo]l Wy E9HC 9le B
MgAo R HEHAYE HuE FEEAS)

FANQ g Fdvjor Avna Fx, dPYS TR AP} B¢ 9

oAl Azxe 4744 typeel MES 77 3REA AlFste] A 7 (256+

FE 60F5%) % 752 (A0E2TC, HUlFE 7515%) A w52 FoAE
melittin®] &= WSZ A AFS TS Ay, 7FSEEA stellAE 1€ $ 10
ugko] melittin®ke] EASFR O, Ao & F & 35%, T & Fof 25% F=]

Table 5.3 BSAF9 A 24

F1(g) F2 F3 F4
Metolose 60SH 50 0.2 P1&A
Ascorbic acid — (Polysorbate 0.4
Boric acid .

Al

Polysorbate 80 0.4 g0 -
Benzalkonium chloride 0.01 ascorbic
D—fractose 38% acid®”7h
D—glucose 31% 30mlol] 2=
surcrose o wolyg 85
D—sorbitol 10% 28= N = 5
Benzalkonium chloride 0.01% P2&-A 0.01
2.2% Boric acid in D.W 20.99% 70mlS ¥l A
D.W g &35}0]
H) 31 100ml 100ml fas 100ml

e AMZoA HA ased aAEAHES 4% Ay AP Ao wat aihdidol
FI>F4>F2>F3¢] o2 &Ado] zpol7} YehdS gRlstglon, 79 Ay $o thA|
4% Ay 480l 7d A Bu o 5% E ¢ hsE S el S.
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0.026g
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to &
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7t
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H] 3L
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=

o

=
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Table 5.4. AYxAF 23
Polysorbate 80 (tween80)

D—fractose
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Ascorbic acid
sucrose
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D—sorbitol

o

=
=

=]

=



AL A (tween80) & AHAl Aol H7tstl /1, AWEAdAS] 5%
0.05, 0.01,0%) E3=E &3t A3} 0.5% ol FTEAA 718 =
el e (Fig 5.38).
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(A Al F]1 2434 84l
(Al = 9] o9 -2 (APi—Chicks)
(B7haz] A - =
1. 9d5F 9 BFEA 1g )
st AF H-E= (melittin 40% ©]4F, chrysine 0.001% ©12H), e, 12.5mg
T T o e 0.825¢g
FL BT A (EXIDICIIE) e et e et 162.5mg
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