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Ciprofloxacin surf-plexes as emulsion to improve antimicrobial efficacy  
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Introduction 
 

50!H)6,/)&!%!+$)&%F)*+,(!'06)(*6)!+$&0*7$!(0660,H%6!(%&&,)&!,1!0&H)&!+0!%($,)/)!0F+,'*'!+$)&%F)*+,(!

)II,(%(8! &)'%,1-!%! ($%66)17)! I0&!H&*7!H)6,/)&8! -(,)1+,-+-A!9,F&0I60J%(,1!K9#4L2! %!F0>)&I*6!M&0%HN

-F)(+&*'!%1+,M,0+,(2!,-!*-)I*6!,1!+$)!+&)%+')1+!0I!-)/)&%6!+8F)-!0I!,1I)(+,01-A!O0>)/)&2!H)/)60F')1+!

0I! H)6,/)&8! /)$,(6)! I0&! 9#4! ,-! H,II,(*6+! M)(%*-)! 0I! F00&! %P*)0*-! -06*M,6,+8! %1H! 60>! &)+)1+,01! %+!

F$8-,0607,(%6! ',6,)*! KFOQRASL! TU601H)%*! 3@@SVA! 5$,-! -+*H8! )'F$%-,W)H! 01! %1! %6+)&1%+,/)!

%H',1,-+&%+,01! /)$,(6)! ,1/06/,17! $8H&0F$0M,(! ,01NF%,&! (0'F6)J)-! 0I! 9#4! >,+$! -0H,*'! 6%*&86!

-*6F$%+)!KX<XL!%1H!-0H,*'!H)0J8($06%+)!KX.9L2!>$,($!>)&)!,1(0&F0&%+)H!,1!+$)!(0&)!0I!-*M',(&01N

-,W)H! 0,6N,1N>%+)&! K0Y>L! )'*6-,01A!5$)! F&0F0-)H! -+*H8! H)'01-+&%+)-! +$)! -*,+%M,6,+8! 0I! +$)-)! -*&IN

F6)J)-! I0&! ,'F&0/,17! F%860%H! )II,(,)1(8! %1H! F0+)1+,%6,+8! 0I! H)/)60F)H! -8-+)'! I0&! F&06017)H!

&)+)1+,01!>,+$!,'F&0/)H!%1+,',(&0M,%6!)II,(%(8!M8!,'F%&+,17!(%+,01,(!($%&7)!01!+$)!-*&I%()2!>$,($!

(%1!M)!*-)H!%-!F0+)1+,%6!H&*7!H)6,/)&8!/)$,(6)!I0&!+0F,(%6!%1H!F%&)1+)&%6!%FF6,(%+,01-A!

Material and methods 

9#4!>%-!7)1)&0*-68!F&0/,H)H!M8!C6=)'!<%M0&%+0&,)-!KZ*'M%,2!;1H,%L!%-!%!7,I+!-%'F6)A!X08%N0,62!

6)(,+$,12! F060J%')&! "[[! K#6*&01,(! 4?[L2! ($,+0-%12! -0H,*'! 6%*&86! -*6F$%+)! KX<XL! -0H,*'!

H)0J8($06%+)! KX.9L2! F&0+%',1)! -*6I%+)! K#:ZL2! -+)%&86%',1)! KXCL! %1H! \NKS2! ]N.,')+$8+$,%W06N3N

86VN32! ]NH,F$)186! +)+&%W06,*'! M&0',H)! KZ55L!>)&)! F*&($%-)H! I&0'! X,7'%! KZ^2!_XCLA! 40&! ()66!

(*6+*&)2!.*6M)((0`-!'0H,I,)H! )%76)!')H,*'! K.ZDZL!>,+$!a6*+%'%+)2! I)+%6! M0/,1)! -)&*'! K4UXL!

%1H!%1+,M,0+,(!-06*+,01!KF)1,(,66,1Y-+&)F+0'8(,12!@A"b!/Y/L!%1H!5&8F%1!M6*)!-06*+,01!>)&)!F*&($%-)H!

I&0'! X,7'%! KX+A! <0*,-2! _XCLA! c)66! F6%+)-2! I0&! (8+0+0J,(,+8! -+*H,)-! >)&)! I&0'! 7&),1)&! M,0N01)!

Ka)&'%18LA!C66!'%+)&,%6-!>)&)!*-)H!>,+$0*+!I*&+$)&!F*&,I,(%+,01A!
  

Preparation, optimization and characterization of ionic complexes of CPF 

 

5$)!,01,(!(0'F6)J)-!0I!9#4!>,+$!X<X!%1H!X.9!>)&)!F&)F%&)H!M8!H,--06/,17!%FF&0F&,%+)!P*%1+,+,)-!

K)P*,'06%&!(01()1+&%+,01L!0I! -*&I%(+%1+! ,1!H)N,01,-)H!>%+)&!%1H!7&%H*%668!%HH,17! ,+!9#4!-06*+,01A!

5$)! I0&'%+,01!0I! ,01,(! (0'F6)J!>%-!0F+,',W)H!M8!F&)F%&,17! %+! H,II)&)1+!FO!%1H! +%=,17!H,II)&)1+!

'06%&!&%+,0!0I!M0+$!+$)!(0'F01)1+-A!5$)!H)/)60F)H!,01,(!(0'F6)J!>%-!($%&%(+)&,W)H!M8!45;:2!Z%--!

-F)(+&%2!O
"
!BZ:!%1H!I0&!F%&+,+,01!(0)II,(,)1+A!

 

Preparation of lipid based submicron emulsion 

 

.,II)&)1+! -*M',(&01! 6,F,H! )'*6-,01-! (01+%,1,17!9#4! KXDL2! ,01,(! (0'F6)J!0I!9#4!>,+$!X<X! KXDN

X<XL!%1H!X.9!KXDNX.9L!>)&)!F&)F%&)H!M8!I0660>,17!-+%1H%&H!F&0()H*&)!>,+$!',10&!'0H,I,(%+,01-!

Td*&0>%-=%! )+! %6A! "eeeVA! 5$)! 6,F,H! F$%-)! >%-! F&)F%&)H! M8! $)%+,17! -08%! 0,6! %+! R@f9! (01+%,1,17!

6)(,+$,1A! !5$)!9#4N,01,(!(0'F6)J)-! K)P*,/%6)1+! +0!@A\b!9#4L!>)&)!%HH)H! +0! +$)! 6,F,H!',J+*&)!%-!

')1+,01)H!%M0/)!%I+)&!H,--06/,17!,1!($60&0I0&'A!5$,-!6,F,H!F$%-)!>%-!%HH)H!7&%H*%668!+0!%P*)0*-!

F$%-)! (01+%,1,17! F6*&01,(! 4N?[! %+! R@f9! %1H! '%71)+,(%668! -+,&&)HA! 5$)! F&,'%&8! )'*6-,01! >%-!

F&)F%&)H! M8! -+,&&,17! I0&! 3@!',1! *-,17! $,7$! -$)%&!',J)&! K_6+&%!5*&&%J2! g%1=)!h!i*1=)62! X+%*I)12!

a)&'%18L! %+! +$)! -F))H! 0I! 33@@@! &F'2! %1H! -*M-)P*)1+! )'*6-,I,(%+,01! >%-! %((0'F6,-$)H! M8!

-01,(%+,01! *-,17! *6+&%-01,(! F&0M)! %+! 3@b! %'F6,+*H)! I0&! ]!',1A! 5$)! (%+,01,(,+8! +0! +$)! -*&I%()! 0I!
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-*M',(&01! 6,F,H! )'*6-,01! KXDNX.9L! >%-! ,'F%&+)H! *-,17! -+)%&86%',1)! KXDNXCNX.9L2! F&0+%',1)!

KXDN#NX.9L!%1H!($,+0-%1!KXDN9ONX.9LA!! 

 

Physicochemical characterization 

5$)!760M*6)!-,W)!%1H!-,W)!H,-+&,M*+,01!%-!>)66!%-!W)+%!F0+)1+,%6!>)&)!')%-*&)H!M8!d)+%-,W)&!1%10dX!

KZ%6/)&12!_iLA!5&%1-',--,01!)6)(+&01!',(&0-(0F8! K5DZL!>%-!F)&I0&')H!*-,17!1)7%+,/)! -+%,1,17!

>,+$! -0H,*'! F$0-F$0+*17-+%+)! -06*+,01! K@A3b! >Y/LA! X*-F)1-,01! >)&)! H,-F)&-)H! ,1! +$)! -+%,1,17!

-06*+,01!I0&!\@!',1!%+!:52!F6%()H!01!%!(0FF)&!7&,H!(0/)&)H!>,+$!1,+&0()66*60-)2!H&,)H!*1H)&!/%(**'!

I0&!%+N6)%-+!3S!$&!%1H!0M-)&/)H!*1H)&!5DZ!KgDZN"3@@!Dj;;2!,1-+&*')1+!KgD^<2!50=802!g%F%1LA!40&!

)1+&%F')1+!)II,(,)1(8!)'*6-,01-!>,+$!H&*7-!>)&)!()1+&,I*7)H!%+!S[2@@@!kg!%1H!Sf9!I0&!\@!',1!,1!%!

U)(='%1! ^F+,'%! ZCjl! *6+&%()1+&,I*7)! KU)(='%1! 90*6+)&2! 4*66)&+012! 9C2! _XCL! ,1! 0&H)&! +0!

-)F%&%+)!+$)!,1(0&F0&%+)H!H&*7!I&0'!I&))!H&*7A!5$)!-*F)&1%+%1+-!>)&)!%1%68W)H!M8!:#NO#<9!I0&!+$)!

I&))!H&*7!KC"L!(01()1+&%+,01!+0!H)+)&',1)!+$)!)1(%F-*6%+,01!F)&()1+%7)!I&0'!+0+%6!%'0*1+!0I!H&*7!

+%=)1! KC3LA!D1+&%F')1+! )II,(,)1(8!>%-!(%6(*6%+)H!*-,17! +$)! )P*%+,01A! TDAD! KbL!Q! KC3NC"! YC3L!J!

"@@VA 

 

In-vitro drug release study  

  

;1N/,+&0!&)6)%-)!-+*H,)-!>)&)!(%&&,)H!0*+!*-,17!M*6=!)P*,6,M&,*'!&)/)&-)!H,%68-,-!M%7!K(*+0II!Z06A!>+A!

"3@@@!.%6+012!X,7'%2!_XCL!+)($1,P*)!%+!\Rf92!%-!F&)/,0*-68!H)-(&,M)HA!C+!7,/)1!+,')!,1+)&/%6-2!%!

H,%68-,-!M%7-!>%-!>,+$H&%>1! I&0'! +$)! -+,&&)H! &)6)%-)! -06*+,01! %1H! +$)! (01+)1+!0I! +$)!H,%68-,-!M%7!

>%-!%--%8)H!I0&!9#4!(01+)1+!M8!:#NO#<9!%-!H)-(&,M)H!F&)/,0*-68A!

 

In-vitro antimicrobial efficacy 

 

5$)!%1+,',(&0M,%6!%(+,/,+8!0I!-)6)(+)H!I0&'*6%+,01-!>%-!H)+)&',1)H!,1!(0'F%&,-01!+0!I&))!H&*7!M8!

H)+)&',1,17! +$)! Z;9! /%6*)-! %7%,1-+! Staphylococcus aureus2! Pseudomonas aeruginosa %1H!

Escherichia coli!-+&%,1-A!Z;9!+)-+-!>)&)!F)&I0&')H!M8!M&0+$!',(&0!H,6*+,01!')+$0H!%((0&H,17!+0!+$)!

B99<X! -+%1H%&H-A!X)&,%6! +>0NI06H!H,6*+,01-! I&0'!3@A@@! +0!@A@3!m7Y'6!0I!9#42!XD2!XDNX<X2!XDN

X.92! XDNXCNX.92! XDN9ONX.9! %1H! XDN#NX.9! >%-! (%&&,)H! 0*+A! 40&! +$)! )JF)&,')1+2! M%(+)&,%6!

-+&%,1-!>)&)! ,10(*6%+)H!01+0!%7%&!F6%+)-2! ,1(*M%+)H! I0&!"[!$&!%+!\]f92!%1H! +$)1!H,6*+)H! ,1!#UX! +0!

'%=)!,+-!0F+,(%6!H)1-,+8!)P*%6! +0!Z(4%&6%1H!B0A!@A]A!5)1!m6!0I!M%(+)&,%6!(*6+*&)!>%-!H,6*+)H!"E"@!

K%FF&0J,'%+)! (01()1+&%+,01E! "@
R
! ()66-Y'6L! %1H! %HH)H! +0! +$)! ',(&0+,+&)! >)66-! (01+%,1,17! +$)! H&*7!

-06*+,01!%1H!,1(*M%+)H!%+!\]f9A!CI+)&!3!$&2!"@@!Z*)66)&!O,1+01!;;!U&0+$!KZOUL!K_XCL!>)&)!%HH)H!

+0!)%($!>)66A!5$)! I,1%6! (01()1+&%+,01!0I!',(&00&7%1,-'-!>%-!]k"@
]
!(I*Y'6A!5$)!F6%+)-!>)&)! +$)1!

,1(*M%+)H!I0&!"[$!%+!\]f9A!Z;9!>%-!H)I,1)H!%-!+$)!60>)-+!(01()1+&%+,01!0I!(,F&0I60J%(,1!0&!,+-!,01,(!

(0'F6)J!60%H)H!I0&'*6%+,01!%+!>$,($!10!/,-,M6)!7&0>+$!0I!M%(+)&,%!>%-!0M-)&/)H!%I+)&!"[$A!#0-,+,/)!

(01+&06-! K7&0>+$L! (01-,-+)H! 0I! M%(+)&,%! ,1! M&0+$! %1H! M%(+)&,%! >,+$! )'F+8! I0&'*6%+,01! ,1! M&0+$A!

B)7%+,/)! (01+&06-! K-+)&,6,+8L! (01-,-+)H! 0I! *1N,10(*6%+)H! M&0+$! %1H! )%($! 0I! +$)! H&*7YI0&'*6%+,01!

H,6*+,01-!,1!M&0+$A!

 

Results and Discussion 

 

9,F&0I60J%(,1!,-!(0'')&(,%668!%/%,6%M6)!%-!9#4NO96!-%6+!I0&'!%1H!,+!-$0>-!FO!70/)&1,17!-06*M,6,+8!

F&0I,6)A!;+!,-!%1!%'F$0+)&,(!P*,10601)!%1+,M,0+,(!$%/,17!%1!%(,H,(!Fi%!%+!?A@!%1H!%!M%-,(!Fi%!%+![A[!

TX*1! )+! %6A! 3@@3V! %1H! ,+-! -06*M,6,+8!0&! &)+)1+,01! ,1! 0,6! 0&! 6,F,H,(!F$%-)! ,-! /)&8! 60>A!O0>)/)&! ,+! ,-!

'0H)&%+)68!-06*M6)!,1!>%+)&!%+!1)*+&%6!FOA
!
C+!%(,H,(!FO!,+!)J,-+-!,1!F&0+01%+)H!I0&'2!>$,($!(%1!I0&'!

,01! F%,&! (0'F6)J! >,+$! 1)7%+,/)68! ($%&7)H! (0*1+)&! ,01-A! C1! ,'F&0/)')1+! ,-! 1))H)H! ,1!

F%860%HY)1(%F-*6%+,01! )II,(,)1(8! 0I!9#4! %1H! *6+,'%+)68! +0! -$00+N*F! %1+,',(&0M,%6! )II,(%(8! ,-! +$)!
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H)'%1H!0I!F&)-)1+!-()1%&,0. ;+!$%-!M))1!F0-+*6%+)H! +$%+! I0&'%+,01!0I! ,01!F%,&-!(0'F6)J!>,+$!9#4!

K9#4N-*&IF6)J)-L!>0*6H!,1(&)%-)!+$)!6,F0F$,6,(,+8!0I!9#4!%1H!-*M',(&01!)'*6-,01!>0*6H!(01-+,+*+)!

%-!%1!0F+,'%6!(%&&,)&!I0&!)1(%F-*6%+,01!0I!+$)!-%')A!X.9!%1H!X<X!>)&)!-)6)(+)H!%-!,01!F%,&,17!%7)1+!

M)(%*-)! +$)8! %&)! 1)7%+,/)68! ($%&7)H! ,1! %! >,H)! &%17)! 0I! FOA! 5$)! %'0*1+! 0I! 9#4! &)(0/)&)H! ,1!

-*F)&1%+%1+!>%-!6)--!%+!60>)&!FO!KFO!\A]L!>$,($!7&%H*%668!,1(&)%-)-!%-!FO!0I!+$)!M*II)&!%FF&0%($)H!

+0!1)*+&%6!KRASL!0&!M%-,(!FO!KeA3L!%-!H)F,(+)H!,1!4,7A!"A!5$,-!'%8!M)!%++&,M*+)H!+0!+$)!I%(+!+$%+!%-!+$)!

FO!0I! +$)!')H,*'!H)(&)%-)-2! +$)! F&0F0&+,01! 0I! F&0+01%+)H!9#4! ,1(&)%-)-2! %1H! +$*-! %/%,6%M6)! I0&!

(0'F6)J%+,01!>,+$!1)7%+,/)68!($%&7)H!-*&I%(+%1+!%1H!%-!FO!,1(&)%-)H2!+$)!W>,++)&N,01,(!%1H!%1,01,(!

I0&'!0I!9#4!M)(0')-!'0&)!H0',1%1+!>$,($!H0!10+!I%/0&!(0'F6)J!I0&'%+,01A
!
A
!
5$)&)I0&)n!I*&+$)&!

(0'F6)J%+,01!>%-!(%&&,)H!0*+!%+!%(,H,(!FOA!5$)!9#4!-06*M,6,+8!H)(&)%-)-!*F!+0!'06%&!&%+,0!0I!\!%1H!

?! ,1! (%-)! 0I!X<X! %1H!X.9!%1H! &)7%,1! M)801H! +$%+! F0,1+! K4,7A! 3LA!5$)&)I0&)! K"E"!'06%&! &%+,0L! 0I!

(,F&0I60J%(,1N-*&I%(+%1+! >)&)! ($0-)1! I0&! (0'F6)J! I0&'%+,01A! 5$)-)! -+*H,)-2! I*&+$)&! (01I,&'! +$%+!

,01,(!(0'F6)J%+,01!0((*&-!'%,168!H*)!+0!)6)(+&0-+%+,(!,1+)&%(+,01!M)+>))1!F&0+01%+)H!%',10!7&0*F!

0I!(,F&0I60J%(,1!%1H!-*6I%+)!%1H!(%&M0J86!7&0*F!0I!X<XYX.9!&)-F)(+,/)68A!!

!
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Fig.2. Effect of molar ratio on complexation.
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    Fig. 1. Effect of pH on complexation.!
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Fig. 3. 
1
H NMR Spectra of CIPRO-SLS 

!
!

         
 

Fig. 4. 
1
H NMR Spectra of CIPRO-SDC 

!

! !!

!  
Fig 5. TEM microphotograph of different 

CPF-Surfplexes 

!
 

Table 1: Physicochemical characterization 

of different CPF-Surfplexes formulations. 

!

!

5$)!I0&'%+,01!0I!(,F&0I60J%(,1NX<X!K(,F&0NX<XL!%1H!(,F&0I60J%(,1NX.9!K(,F&0NX.9L!,01,(!(0'F6)J!

>)&)!(01I,&')H!M8!
"
O!BZ:!-F)(+&0-(0F8! K4,7A!\!%1H!SLA!5$)!)1+&%F')1+!)II,(,)1(8!0I!9#4N,01,(!
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(0'F6)J! ,'F&0/)-! -,71,I,(%1+68! %-! H)F,(+)H! ,1! 5%M6)! "A! 5$)! 60%H,17! )II,(,)1(8! >%-! I0*1H! +0! M)!

1)%&68! 3Ro\A\[b! ,1! )'*6-,01-! >$)1! 9#4! >%-! *-)H! >,+$0*+! (0'F6)J%+,01A! 901+&%&8! +0! +$,-2! +$)!

F%860%H!)II,(,)1(8!>%-!H&%'%+,(%668!,'F&0/)H!+0!%6'0-+!I0*&!+,')-!K!![@bL!,1!%66!I0&'*6%+,01-!>$)1!

9#4!>%-!60%H)H!,1!+$)!I0&'!0I!,01,(!(0'F6)JA!5$)!%/)&%7)!760M*6)!-,W)!0I!%66!+$)!I0&'*6%+,01-!>%-!

>)66!(01+&066)H!%1H!I0*1H!+0!M)!,1!+$)!&%17)!0I!33]N\3]!1'!>,+$!60>!F068H,-F)&-,+8!,1H)J!%-!-$0>1!

,1!5%M6)!"A!5DZ!',(&0F$0+07&%F$-2!I*&+$)&!(01I,&'!+$%+!760M*6)-!-,W)!>%-!I0*1H!+0!M)!,1!+$)!&%17)!

0I!"!]@@1'!K4,7*&)!]L. 5$)!W)+%!F0+)1+,%6!0I!+$)!I0&'*6%+,01-!>%-!H)+)&',1)H!,1!0&H)&!+0!%--)--!+$)!

(01+&,M*+,01!0I!(%+,01,(! ,1H*()&!01!($%&7)!H,-+&,M*+,01!%1H!-$0>1! ,1!5%M6)!"A!.&*7! &)6)%-)!F&0I,6)!

I&0'!H,II)&)1+!9#4!-*&INF6)J)-!-$0>1!,1 4,7A!?!%1H!>%-!0M+%,1)H! ,1!-*-+%,1)H!'%11)&!C-!)/,1()H!

I&0'!4,7AR!+$%+!XDNX<X2!XDNX.92!XDNXCNX.92!XDN9ONX.92!XDN#NX.9!&)6)%-)H!??o3b2!?So\b2!
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Fig. 6. In-vitro release profile of different 

CPF-surf-plexes in PBS (pH=7.4) 

!
!

Table 2. Antimicrobial efficacy of different 

CPF-surf-plexes. 

!
!
!

Conclusions 

5$)!F&0M6)'!0I! 60>!F%860%H!)II,(,)1(8! ,-! I&)P*)1+68!)1(0*1+)&)H!>,+$!/%&,)+8!0I!H&*7-! ,1(6*H,17!

(,F&0I60J%(,1!H*)!+0!,1+&,1-,(!F&0F)&+,)-A!5$)!F&)-)1+!-+*H8!,1H,(%+)-!+$%+!-*&IF6)J)-!(0*6H!M)!%!M)-+!

%6+)&1%+,/)!+0!,'F&0/)!+$)!F%860%H!)II,(,)1(8!%1H!10+!+0!')1+,01!%1+,',(&0M,%6!)II,(%(8A!5$*-!-*&IN

F6)J)-! M%-)H! H&*7! H)6,/)&8! $%-! F&0/)1! ,+-! F0+)1+,%6! ,1! +$)! I,)6H! 0I! H&*7! H)6,/)&8! >$,($! (%1! M)!

%H',1,-+)&)H!+$&0*7$!H,II)&)1+!&0*+)-!I0&!/%&,0*-!%FF6,(%+,01-A!!
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