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INTRODUCTION 

 

6+%208&#2#$70! #12! $+%,%3.#'+$70! .%7(C7#,'+204,%87(,%7+20F! CI"M;F! 3+,&%-./0&0-! %)! 20)+102!
,%3.%-+'+%1B! -+J0B! #12! -:&)#,0! .&%.0&'(! .0&3+'! 207+<0&(! %)! .&%'0+1N.%7(.0.'+20! #1'+801! '%! #1!
%&8#1+-3! +1!#! ,%1'+1:%:-!%&!.:7-#'+70!3#110&B! '/:-!%.01+18! '/0!O#(! )%&! -+18704+1P0,'+%1!<#,,+10-!
CQ+70RB!SAATF=!91!01,#.-:7#'+%1!.&%,0--!O+'/+1!I"M;!3+,&%-./0&0-B!$00!<01%3!.&%'0+1-!#&0!0U.%-02!
'%! #! 1:3$0&! %)! -'&0--0-B! 7+R0! /+8/! .&0--:&0-B! '03.0&#':&0! 8&#2+01'-B! #12! -/0#&! )%&,0-=! I&+3#&(!
03:7-+%1! /#-! $001! -:880-'02! #-! #!3#P%&! ,#:-0! )%&! .&%'0+1! 201#':&#'+%1B! #88&08#'+%1! #12! 7%--! %)!
$+%7%8+,#7! #,'+<+'(=! V/0! )%&3#'+%1! %)! /(2&%./%$+,! +1'0&)#,0-! &0-:7'-! +1! +1'0&)#,+#7! #2-%&.'+%1!
)%77%O02!$(!.&%'0+1!:1)%72+18!#12!#88&08#'+%1B!#12!$(!,%1-0W:01,0! 7%--!%)!$+%7%8+,#7!#,'+<+'(=!;!
-'&#'08(!'%!&02:,0! '/0-0!0))0,'-! +-!3%2+)(+18!'/0!$:))0&!O/0&0!$00!<01%3!#&0!2+--%7<02!:-+18!-#7'!
-%7:'+%1-! +1! 2+))0&01'! ,%1,01'&#'+%1-! CX#57Y! X#ZSI[TY! *857SY! \G5XF=! 91! '/+-! -':2(B! O0! #7-%!
<0&+)+02!'/0!./(-+,#7N,/03+-'&(!.#&#30'0&-!#)'0&!'/0+&!3+,&%01,#.-:7#'+%1!+1!I"M;!3+,&%-./0&0-=!9'!
O#-!:-02!-+U!2+))0&01'!.%7(30&-! '%!0<#7:#'0! '/0!0))0,'-!%)! '0&3+1#74,#&$%U(7!C5ZD!%&!ZF!#12!'/0+&!
3%70,:7#&!O0+8/'!C?SB!DT!0!]T!*OF=!V/0!<01%3!+33:1%'/0&#.(!+-!0U.01-+<0!#12!'+304,%1-:3+18!
C6&0/070&B! SAAAFB! O+'/! #! '%'#7! %)! DA^_A! +1P0,'+%1-! #23+1+-'0&02! %<0&! (0#&-=! X0O! -'&#'08+0-! '%!
+3.&%<0! '/0! -#)0'(! #12! 0))+,#,(! %)! '/+-! '&0#'301'B! O+'/! #! &02:,02! 1:3$0&! %)! +1P0,'+%1-! O%:72B!
'/0&0)%&0B!$0!%)!8010&#7!+1'0&0-'!C*`770&B!SAADFB!#-!+'!O%:72!+3.&%<0!.#'+01'!,%3.7+#1,0!#12!.&%<+20!
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OBJECTIVE 

 

V%!0<#7:#'0! '/0!0))0,'-!%)! )+&-'! 03:7-+)+,#'+%1!%1!$+%7%8+,#7!#,'+<+'(!%)!$00!<01%3!.&%'0+1-!O/+,/!
3#(!+12+,#'0-!7%--!%)!,%1)%&3#'+%1#7!-'&:,':&0!#12!'%!<0&+)(!-%30!.#&#30'0&-!:-02!#-!#!3#&R0&!%)!
0))+,+01,(!%)!.&%,0--=!
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MATERIAL AND METHODS 

 

Relative hemolysis: Z03%7('+,! #,'+<+'(! O#-! '0-'02! #8#+1-'! /:3#1! 0&('/&%,('0-! $(! :-+18! #!
-'#12#&2+J02! ,%1,01'&#'+%1!%)! ?=@!a!?A_!Zb65-! C/:3#1! &02!$7%%2! ,077-FN3"!%)!I6G=!X#'+<0!6>!
C$00! <01%3F! %&! .%-'403:7-+)+02! 6>! &0,%<0&02! )&%3! -#7'! -%7:'+%1-! O0&0! 2+--%7<02! +1! I6G! '%! #!
,%1,01'&#'+%1! %)! A=?! 38N3"=! V%! ?AA! c"! %)! 0#,/! -%7:'+%1! O0&0! #2202! @A! !"! %)! '/0! -'%,R!
0&('/&%,('0-! +1!I6G! #12! '/01! +'!O#-! )+7702! :.!O+'/!I6G! '%! &0#,/! #! )+1#7! <%7:30!%)! ?=A!3"=!V/0!
&0-:7'+18!-:-.01-+%1-!O0&0!+1,:$#'02!#'!Dd%5!)%&!]A!3+1:'0-!O+'/!801'70!3+U+18=!V/0!-#3.70-!O0&0!
'/01! ,01'&+):802! #12! '/0! #$-%&$#1,0! %)! '/0! -:.0&1#'#1'! 30#-:&02! #'! T?T! 13=! e%&! ,%1'&%7-B! J0&%!
/03%7(-+-! C$7#1RF! #12! ?AA!f! /03%7(-+-! ,%1-+-'02! %)! 0&('/&%,('0-! -:-.01202! +1! I6G! #12! +1! ?f!
V&+'%1!g?AAB!&0-.0,'+<07(!C67%120770!#12!Z%:8/'01B!?EE?F=!!
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Proteolytic activity: 9'!O#-!#2202!?S@!c"!%)!6>!-%7:'+%1!CAB?!38N3"F!)&%3!2+))0&01'!-#7'!-%7:'+%1B!
.Z! d=S! '%! S@A! c"! %)! ,#-0+1! -%7:'+%1! C?! f! 3N<F! +1! I6G! A=?! *B! .Z! d=A=! V/0-0! 3+U':&0-! O0&0!
+1,:$#'02!#'!Ddh5!)%&!DA!3+1:'0-=!V/0!&0#,'+%1!O#-!-'%..02!O+'/!@AA!c"!%)!'&+,/7%&%#,0'+,!#,+2!C@f!
3N<FB! '/01! '/0(! O0&0! R0.'! :120&! 01<+&%1301'! '03.0&#':&0! )%&! DA! 3+1:'0-=! [1,0! )+1+-/02! '/0!
&0#,'+%1B!'/0!-#3.70-!O0&0!,01'&+):802!#12!#$-%&$#1,0!%)!'/0!-:.0&1#'#1'!30#-:&02!#'!S_A!13!Ci0!
"+3#B!SAAAF=!
 

Microspheres preparation: V/0! I"M;! .#&'+,70-! O0&0! .&0.#&02! :-+18! '/0! Cj?N[FNjS! 2%:$70!
03:7-+)+,#'+%1!-%7<01'!0<#.%&#'+%1!30'/%2=!!!!V/0!3+,&%-./0&0-!O0&0!,%770,'02!$(!,01'&+):8#'+%1!#'!
SAAA!8!)%&!?A!3+1B!&+1-02!O+'/!O#'0&!'/&00!'+30-!#12!'/01!&0--:-.01202!O+'/!S!37!%)!A=?f!I>;B!
7(%./+7+J02!)%&!ST!/%:&-!#12!-'%&02!#'!"SA!h5!C[ki%1107B!?EEdF=!
!
Size and Surface morphology: *+,&%-./0&0!30#1!-+J0!O#-!30#-:&02!$(!7#-0&!g4&#(!2+))&#,'+%1!+1!
#! 0W:+.301'!*#-'0&-+J0! SAAA! C*#7<0&1! 91-'&:301'B!*#7<0&1B!l\F=! V/0! -:&)#,0!3%&./%7%8(! #12!
3+,&%-./0&0-!-+J0!O0&0!%$-0&<02!$(!-,#11+18!070,'&%1!3+,&%-,%.(!CGm*F=!!V/0!3+,&%-./0&0-!O0&0!
,%<0&02!O+'/!8%72!.#&'+,70-!C?AA^?@A!nF!#12!%$-0&<02!+1!#!Q0%7!QG*!-,#11+18!070,'&%1!3+,&%-,%.0B!
*%207!_TA;B!#'!S@!R>!%)!+1'01-+'(=!!!
!!!!!!!!!!!!
Efficiency of encapsulation: "%#2+18! 0))+,+01,+0-! O0&0! 20'0&3+102! $(! 2+--%7<+18! ?A! 38! %)!
3+,&%-./0&0-! +1! S!37! %)! A=?!f! GiG! 4! A=?!*!X#[Z! -%7:'+%1=! V/0!3+U':&0!O#-! +1,:$#'02! :120&!
801'70!-'+&&+18!)%&!ST!/%:&-!#'!Dd!h5=!;)'0&!,01'&+):8#'+%1!#12!)+7'&#'+%1!+1!A=SS!c3!303$&#10-B!'/0!
6>!O#-!30#-:&02!$(!'/0!"%O&(!30'/%2=!
!
RESULTS AND DISCUSSION 

 

9'!O#-! <0&+)+02! '/#'! '/0! $+%7%8+,#7! #,'+<+'(! 2+2! 1%'! -/%O! #! 7#&80! 20,&0#-0!O/01! ,%3.#&02! '%! $00!
<01%3!.&%'0+1B!+1!'/0!-#30!,%12+'+%1-B!$:'!1%'!-:$3+''02!'%!03:7-+)+,#'+%1=!G'&0--02!6>!C6>!#)'0&!
03:7-+)+,#'+%1F! &0'#+102! #$%:'! _Af! %)! /03%7('+,! #,'+<+'(!O/01! .&0<+%:-7(! 2+--%7<02! +1! '/0!3%-'!
:-02!-#7'=!!V/0!O%&-'!#,'+<+'+0-!O0&0!)%:1202!O+'/!6>!+1!'/0!.&0-01,0!%)!@A!^!?@A!3*!X#ZSI[TB!
V/0!$0-'!.&%'0%7('+,!#,'+<+'+0-!O0&0!)%:12!O/01!+'!O#-!:-02!*857S!#-!-#7'!C.&%'0%7(-+-!#$%<0!@A!fF!
Ce+8:&0!?F=!

!

A

60

80

100

 R
e

la
ti
v
e
 H

e
m

o
ly

s
is

 (
%

)

Salt Concentration (mM)

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160

0

 B

20

40

60

80

100

P
ro

te
o
ly

ti
c
 A

c
ti
v
it
y
 (

%
)

Salt concentration (mM)

 

!

Figure 1.!C;F!b07#'+<0!/03%7(-+-!CfF!#12!C6F!I&%'0%7('+,!#,'+<+'(!CfF!%)!6>!.&%'0+1-!+1!2+))0&01'!
-#7'!,%1,01'&#'+%1-!C3*F=!V/0!-:.0&1#'#1'-!O0&0!#1#7(J02!+1!'/0!.&0-01,0!%)!C4#4F!X#ZSI[TB!C4$4F!
X#57B!!C4%4F!\G5X!#12!C4&4F!*857S!#)'0&!03:7-+)+,#'+%1!+1!'/0!.&0-01,0!%)!5ZS57S=!!
!
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Table 1. I"M;!3+,&%-./0&0-!-+J0-=!!
!
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Figure 2. m))+,+01,(! %)! 01,#.-:7#'+%1! %)! 6>!
O+'/+1! I"M;! 3+,&%-./0&0-! .&0.#&02! O+'/!
2+))0&01'! 3%70,:7#&! O0+8/'-! #12! O+'/! '0&3+1#74
,#&$%U(7! )&00! CZF! %&! 30'/(7#'02! C5ZDF!
I%7(30&-=! @AS! C?S! RiFY! @AD! CDT! RiFY! @AT! C]T!
RiF= 

D
10

 D
50

 D
90

 VMD* 

H-12kDa 6.19 18.23 47.47 23.15 

Me-12kDa 6.77 19.56 42.16 22.55 

H-34kDa 6.12 17.24 34.54 19.07 

Me-34Kda 11.27 21.89 38.53 23.50 

H-64kDa 6.82 19.77 40.32 21.97 

Me-64kDa 8.92 19.89 38.38 21.93 

H-12kDa/BV 4.41 21.49 56.91 26.61 

Me-12kDa/BV 9.25 21.42 40.82 23.38 

H-34kDa/BV 14.70 30.20 56.06 33.10 

Me-34Kda/BV 11.07 21.02 37.05 22.69 

H-64kDa/BV 15.50 29.48 52.26 31.89 

Me-64kDa/BV 10.94 21.70 39.50 23.66 
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9'! +-! +3.%&'#1'! '%! -'&0--! '/#'! #! >9V! )%&3:7#'+%1! 3:-'! ,%1'#+1! #77! '/0-0! ,%3.%101'-! '%! .&%2:,0!
#1'+$%2+0-! #8#+1-'! '/0! <01%3! .&%'0+1-=! G+1,0! $00! <01%3! 01,#.-:7#'+%1! ,%:72! ,#:-0! ,/#180-! +1!
.&%'0+1!,%1)%&3#'+%1-B!O0!:-02! in vitro!$+%7%8+,#7!30'/%2-! '%! )%77%O! '/0!0U'01'!%)! '/0-0!.%--+$70!
-'&:,':&#7!<#&+#'+%1-=!V/0!/03%7('+,!#,'+<+'(!+-!#!8%%2!+12+,#'%&!%)!.&0-01,0!%)!#!O/%70!3077+'+1!#12!
./%-./%7+.#-0!CI";SFB! '/#'! +-! '/0!3#P%&!,%3.%101'-!%)!$00!<01%3!.&%'0+1-B!#12!#7-%!&0-.%1-+$70!
)%&!2070'0&+%:-!0))0,'-!%1!-:&)#,0!%)!303$&#10!,077-=!V%!&03#+1!'/0-0!,/#&#,'0&+-'+,-!+-!+3.%&'#1'!'%!
8:#&#1'00!'/#'!'/0&0!O#-!1%'!.&%'0+1!201#':&#'+%1!2:&+18!01,#.-:7#'+%1!.&%,0--!Ce+8:&0!?F=!
['/0&! +3.%&'#1'!)0#':&0!2:&+18!01,#.-:7#'+%1!.&%,0--! +-! '/0!#3%:1'!%)!.&%'0+1-!%&!#1'+801-! '/#'! +-!
01'&#..02!O+'/+1!3+,&%-./0&0-=! V/0! 01,#.-:7#'+%1! 0))+,+01,(! %)! '/0! .&%'0+1! -/%:72! $0! /+8/=! V/0!
&#'+%!%)!'/0!.&%'0+1!'%!'/0!.%7(30&!-/%:72!$0!-:,/!'/#'!'/0!7#&80-'!#3%:1'!%)!.&%'0+1!+-!01,#.-:7#'02!
+1!'/0!3+1+3#7!#3%:1'!%)!.%7(30&=!V/+-!&02:,0-!'/0!3#--!%)!'/0!3#'0&+#7!'%!$0!#23+1+-'0&02=!9'!+-!
%$-0&<02! '/#'! 01,#.-:7#'+%1! 0))+,+01,(! O#-! #$%<0! @Af! +1! #77! -+U! .%7(30&-! :-02! +1! '/0-0!
)%&3:7#'+%1-B!#12!.%7(30&-!O+'/! )&00! '0&3+1#7!^!,#&$%U(7!-/%O02! '/0!$0-'!,#.#,+'(!%)!01'&#..+18!
$00!<01%3!.&%'0+1-!Co!dAfF!Ce+8:&0!SF=!
*+,&%.#&'+,70!-+J0!+-!,&+'+,#7!1%'!%17(!+1!20'0&3+1+18!+'-!&070#-0!#12!208&#2#'+%1!$0/#<+%&!$:'!#7-%!+1!
20'0&3+1+18!'/0!0))+,#,(!%)!'/0!'/0&#.0:'+,!#801'!$(!#))0,'+18!'+--:0!.010'&#'+%1!%&!0<01!+1'&#,077:7#&!
:.'#R0=! 9'! +-! R1%O1! '/#'! '/0! &#'0! %)! .&%'0+1-! %&! #1'+801-! &070#-0! '012! '%! 20,&0#-0!O+'/! +1,&0#-+18!
-./0&0! -+J0B! -%! '/#'B! 7#&80&! 3+,&%.#&'+,70-! C?A4@A! c3F! &070#-0-! '/0+&! ,%1'01'! +1! #! 7%O0-'! -.002(!
,%3.#&02!'%!-3#770&!-./0&0-!Cp?A!c3FB!#-!'/0!.#&'+,70!-+J0!+-!&02:,02B!3%&0!-:&)#,0!#&0#!+-!#<#+7#$70!
)%&! 01'&(! %)! O#'0&! +1'%! 3+,&%.#&'+,70-B! &0-:7'+18! +1! )#-'0&! 208&#2#'+%1! #12! &070#-0! %)! '/0&#.0:'+,!
#801'=!;77!%)!3+,&%-./0&0-!.&0.#&02!+1!%:&!0U.0&+301'!-/%O02!-+J0!%)!#$%:'!q!S@!c3!CV#$70!?F=!
V/0!$0''0&!20)+1+'+%1-!+1!'0&3-!%)!-:&)#,0!3%&./%7%8(!%)!3+,&%-./0&0-!O0&0!)%:12!+1!'/0!.%7(30&-!
O+'/!,#&$%U(74'0&3+1#7!5ZDB!10<0&'/070--!'/0-0!.%7(30&-!-/%O02!#!&02:,02!mm!CV#$70!SF=!
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Table 2.!*%&./%7%8(!%)!I"M;!3+,&%-./0&0-!.&0.#&02!O+'/!2+))0&01'!3#--!O0+8/'-K!@AS!C?S!RiFY!
@AD! CDT!RiFY! @AT! C]T!RiFB! #12!O+'/! '0&3+1#74,#&$%U(7! )&00! CZF!%&!30'/(7#'02! C5ZDF=!V/0(!O0&0!
#1#7(J02!$(!Gm*=!!
 
Polymer 500X 1000X 5000X Polymer 500X 1000X 5000X 

H-12kDa 
H-12kDa 

BV 

Me-12kDa 
Me-12kDa 

BV 

H-34kDa 
H-34kDa 

BV 

Me-

34Kda 

Me-

34Kda BV 

H-64kDa 
H-64kDa 

BV 

Me-64kDa 
Me-64kDa 

BV 

 

CONCLUSIONS 

 

I"M;!30'/(7#'+%1B! :-02! '%! +1,&0#-0! .&%'0+1! -'#$+7+'(B! 20,&0#-02! '/0! 01,#.-:7#'+%1! 0))+,+01,(=! ! 91!
'0&3-!%)!$+%7%8+,#7!#,'+<+'+0-B!'/0!O%&-'!/03%7('+,!#12!'/0!$0-'!.&%'0%7('+,!#,'+<+'+0-!O0&0!%$'#+102!
O/01! '/0! 6>! O#-! 03:7-+)+02! +1! '/0! .&0-01,0! %)! X#ZSI[T! #12! *857SB! &0-.0,'+<07(=! ;! $#7#1,0!
$0'O001!'/0-0!&0-:7'-!-/%:72!$0!'#R01!+1!,%1-+20&#'+%1!+1!'0&3-!%)!)%&3:7#'+%1!'%!$0!:-02!+1!<01%3!
+33:1%'/0&#.(= !
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