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Introduction

» Bacterial meningitis (BM) is a critical, life-threatening infection characterized by inflammation of the:
meninges, and the protective membranes surrounding the central nervous system, nece55|tat|ng

immediate diagnosis and intervention.

» This inflammation spreads across the subarachnoid region of the spinal cord and brain. Due to the I|m|ted
penetration of several antibacterial agents through the blood-brain barrier, the mortality rate of bacterial | ,
meningitis is high. ‘

» The well-known bacterial species that are the main sources of infection that result in meningitis are
Streptococcus pneumoniae, Staphylococcus aureus, Neisseria meningitidis, Haemophilus influenzae, and
E.coli. i
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Learning Objectives |

» To synthesize and characterize transferrin-conjugated ceftriaxone solid lipid nanoparticles (CFT-DA@TF |
SLNPs) that improve the BBB’s permeability in treating bacterial meningitis.

» To evaluate the in vitro antibacterial and antibiofilm activity of SLNPs and to investigate the in vivo
therapeutic efficacy of SLNPs in bacterial meningitis-induced mouse models.

Physicochemical Characterization

— CFT-DA@TF SLNPs —— CF-DA@TF SLNPs| E
W e M :
—— CFT-DA SLNPs| SL !
AN :
2 — :
: o [ = 5= |
3 W = |
3 —TF \ i M"""“'%www —=s1] € I
_Lé £ £ —acwms :
w YD E
Z £ —on| £ |\ !
: EhAn B |
= ~ T [—npa ;
X W\/’V DA ‘\{ !
—— sl /l‘ :
—— CFI] '
—— CFT| '
RS I Vi =="1 i IV TR :
. . . ! 1 1 1 1 1 f — . L . |
1000 2000 2000 w000 20 25 30 35 40 45 50 55 60 50 100 150 200
Wavenumber (nm™") 20 (%) Temprature (°C) '
C Particle Size ) C Zeta Potential ) :
15 Zeta Potential Distribution !
- ~y ==+ Blank SLNPs
3 e ==+ CFI-DA SLNPs '
- I [ I — Blank SLNPs H
é 10+ ,'"' "\‘. CFT-DA@TF SLNPs P B — CFI-DASLNPs '
£ w4 H — CFT-DA@TF SLNPs 1
% oo S 1000001+ B ST . !
3 Y |
‘E 54 ¢'“ 50000} -+ -+ !
A N ’
" Mo 200 -100 0 100 200 '
e Al Vata Apparent Zeta Potential (mV) |
b b 'OH b LU T T T :
’ . 0 200 400 600 800 !
DA e ' Particle size (nm) i
| BN :
| '
C UV Analysis ) C SEM Analysis ) ;
0.8 ; = |
— CFT |
s 0.6 — CFT-DA Complex
g '
£ 04 :
=) 1
2
2 '
0.2 '
0.0-1 T T i
200 400 600 800 !
‘Wavelength(nm) ]
( Stability Study ) ( In Vitro Drug Release ) ( Hemolysis Study ) ;
12 600 120 o ok E
" % CFT -e- CFT-DA@TF SLNPs S i
100 2 100 : |
— - = :
§ 8 400 g 80 2 80 !
o £ ~ =z Control Concentration (ug/mL)
£ ] a 2. 60 *) © 25 50 100 150 200 250
T . @ O 60 = S
8 2 e E 40
=4 200 2 = )
E,” £ 40 - - - l
o g 'g 20 - - . L -
& |
0 0 0 0 T T T T T T T i
0 5 10 15 20 25 30 1 ! ! ! D D P2 DS '
Days 0 10 20 30 40 50 \QQ\ i&c N N N :
e Particle size (RT) o Particle size  (4°C) Time (hrs) &Aﬁ- < Concentration (ug/mL) '
Drug loading (RT) ~~=Drug loading (4°C)
In vitro bacterial studies
Minimum Inhibitory Concentration . . . i
y e Live/Dead assay for Planktonic Bacteria :
and Zone of Inhibition :
Control CFT CFT-DA SLNPs CFT-DA@TF SLNP3 E
e CFT 4;- mL. 4 £ o CFTDASLNP 2pgml. g w CFT DA@TFSLNPs 2 pg/mlL . A i
5 . - £ s A 5“ & = Comrol = 1ugml, 1
2 = == _i H r 5, = 003125ugml -+ 2ugml. |
£z 0.6 - 0.6 ' & 4 00625 ugml v 4ugml 1h |
:gu ,; TS 4 !H. : . ~ Gugiml. !
% !"j" ¥ f:, . " ; . ol e Sugml. 2= |
[ < . ] N 0500 ugiml 10 ug/ml N ? |
b U -l U 12 15 IU Zl . ﬂ 4 8 IZ Iﬁ Zfl 24 (l -; é l‘l 1‘5 ZI0 2‘-4 § S :
Time(h) Time(h) Time(h) % 2 i
£ 10 CFT-2 pgml . CFLDASLNPS 1 pgml. : 10 CFEDAGTFSLNPS - Lugl o o rgneyg) - LugL, 4h |
P §lm ) 4= 1 A E i g 08 A — 3= 03MSugml & 2ugml :
§ % 06 r,f: Y 4 i ; ti ': % oe s ! . = o ¢ G0RSugml e 4ugml i
S E T i S —— ] o S e— - ml. <+ 6ugiml, i
it i He $oluf b et :
“ £ : L o 0300 ugiml. 10 ugiml 1
=) =] ]
4| ; l‘l IIZ ]IIS le'b 2‘4 ! 'I' -‘i l! lll llﬁ Ilfl 2‘4 ! ) 4 8 Ill 16 20 2‘4 1h i
Time(h) Time(h) Time{h) g :
T |
0 . N “ 2> :
~ | ———— - CFT o _ A - CFT = 2 i
g £ - CFI-DA £ £ - CFTDA g <, :
g [ =g R = CFI-DA SLNPs § R W CFI-DA SLNPy ] ]
S| R - CFLDAGTFSING 3 I s p—— ) 4h !
N 10 §_- = \
ke i “ £ !
T T |
(Quantltatlve Analysis of Live/Dead Cells by FACS) ;
Control CFT CFT-DA SLNPs CFT-DA@TF SLNPs
%] Q2 @2 Q@2 o Q2
1h . .
= .
§ g Control
(SN @ =
-
: = ;
=N T ) o T S
= -A
S =
v~
N @2 CFT-DA SLNPs
CFT-DA@TF SLNPs
o6 Live Dead
"
Q12 Q2
Control
\)
S
D CFT
)
£ 5
S
§ s, CFT-DA SLNPs
% wn
CFT-DA@TF SLNPs
Live Dead

Hyderabad Campus, Telangana, India.
author: Swati Biswas, E-mail: swati.biswas@hyderabad.bits-

<

/ Crystal violet
S.

/’gﬂnnnunnn

Poster number
nilani.ac.in

C Biofilm Live/Dead Assay >

( Biofilm Eradication by SEM
and Colony Counting Assay

Control CFT-DA SLNPs CFT-DA@TF SLNPs
Control
» £ o {
1h §
3z i
= “
Vv~
332
S
o
v @ 3
=
g
4h §
=
9
20 pm “
—
Control CFT-DA SLNPs CFT-DA@TF SLNPs
g
N
3 1h 5
§ v
&
£ S
] K
ol 5 -
] 5 -
§ & W= CFT-DA SLNPs
S == CFT-DA@TF SLNI
4h .
20 pm
—

( Biofilm Quantification by CV Assay ) (EPS Quantification)

CFT

Control CFT-DA SLNPs CFT-DA@TF SLNPs Control CFT-DA SLNPs

~

- Contral
- cFr

-\

S. pneumoniae . aureus

CFT-DA@TF SLN

= CFI-DASLNPs
= CFT-DAGTF SLNPs|

S. aureus
Alexa flour 647

- Control
- CFT

= CFL-DASLNPs

g

- CFTDAGTF SLNPy

_/
Efficacy against in vivo BM-induced mouse model

. pneumoniae

S. aureus
o EPS reduction

C Open Field Test, Survival Study and CFU/mL >

100 z 3000 .
. \8« * Kk
= 809 I = Sham Control = !
c : BN Disease g 2000 ® &3
- : z
5 —F— 2 60 | — == CFT 3
2 é‘“ wl B CFT-DA SLNPs §
-§‘ 10- g : == CFT-DA@TF SLNPs £ 1900 .
= =20 =
: = A
: g +
0 hd e hd hd hd e h g
AU T T T 1 e 1) v T T T T
0 2 2 4 6 8
0 2 4 6 8 S S S o
i Q < g \J
Duration of Treatment (Days) No. of Days Days CP&‘ © %\)é Q@»é
LN
Sham Control CFT CFT-DA SLNPs & o@" 9V®
<
<
57 © *kk
—
4 *okk
NEN
83 ° +
=
g 24
=3
: T
1 ==
v T T T T
> Q“s QS
(P&‘Q & § &
v"& &’Qv'
B & &
&
Sham Control Disease CFT-DA SLNPs CFT-DA@TF SLNPs
' ' 15 —
El Sham Control
= ok El Disease
6 10 |—| B CFT
i HEE CFT-DA SLNPs
S 54 ={ == CFT-DA@TF SLN}s
0_

( Biodistribution study by IVIS )

Sham Mice | | Infected Mice | ~
CFT-DA SLNPs CFT-DA@TF SLNPs CFT-DA SLNPs CFT-DA@TF SLNPs Infected Mice 8
CFT-DA SLNPs CFT-DA@TF CFT-DA SLNPs CFT-DA@TF 6
RS [J— —

~
1

Fluorescence intensity (A,U)
[ (p/s/em2/sr) / (@W/em2) |

m 0=

B Sham-CFT-DA SLNPs mm Infected-CFT-DA SLNPs
~  El Sham-CFT-DA@TF SLNPs Bl Infected-CFT-DA@TF SLNPs

Heart Lungs Pancrea Kidney

SN
CFT-DA@TF U:S‘J
SLNPs W

L H] <
H
B = 87 Kk £
L 30 == z
< 9 CFT-DA
i ) SLNPs
z2
£5
S=
g3
Y
5=
20 ]
g g CFT-DA@TF
2 3
gL 5|  SLNPs
53 S
2 E‘ T
= £
10 05 1 3 6 8 12 24 [F] oo
Radiant Efficiency ™M Sham-CFT-DA SLNPs = Infected-CFT-DA SLNPs SLNPs

Bl Sham-CFT-DA@TF SLNPs Bl Infected-CFT-DA@TF SLNPs

pisecfcm ’[g;
¢ HWjcm?

In vivo ROS analysis by IVIS )

Disease CFT-DA SLNPs  CFT-DA@TF SLNPs

g ~ R XXX
- nnnm

( Histological and Biochemical Parameters Analysis >

Sham Control Disease CFT-DA SLNPs

CFT

e
= =
5 5
EES
-E & ’Dv ~
S - .
BT S
= e
Pkl
.7
BiR e
=< :
S — [
O FEEe
50 *kk
e Hl Control
100 — —
404 = 20 Il Disease
804 - 0 S
= E ** mm CFT
= 30 20 154 |_|
= 604 g S £ W= CFT-DA SLNPs
=
% 40 % 20- = o 5 * 10+ B CFT-DA@TF SLNPs
- 2] < 10- -
&
20+ 10- 5
0- 0- 0- 0=

Conclusion

The physicochemical characterization confirmed the successful functionalization of SLNPs with transferrin
(TF), and in vitro antibacterial studies demonstrate their potential as a promising strategy for enhancing
brain targeting in the treatment of bacterial meningitis.
The presented work demonstrates CFT-DA@TF SLNPs) achieve significantly efficient biofilm-disruption
capabilities, and enhanced blood-brain barrier penetration, resulting in superior brain accumulation of the
antibiotic and marked reduction of bacterial load in Streptococcus pneumoniae-induced meningitis mouse
models.
These findings highlight the potential of CFT-DA@TF SLNPs as a transformative approach for effective CNS
delivery and treatment of bacterial meningitis.
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