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MALEIMIDE-FUNCTIONALISED
LIPOSOMES & NANOPARTICLES AS
MUCOADHESIVE VEHICLES FOR DRUG
DELIVERY TO URINARY BLADDER
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Bladder cancer has the 9th
highest incidence rate
worldwide, with a greater
prevalence among men than
women.

In the UK:

= 10,100 new cases of bladder cancer in
2014, that’s 28 cases diagnosed every day.

= BCis the 10th most common cancer (2014).

= |n males, BC is the eight most common
cancer and 14th in females
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In Kazakhstan:

= 3,300 registered cases in the beginning of 2013

= More than 600 new cases of bladder cancer each year,
that’s 2 cases diagnosed every day.

= BCis the 10th most common cancer (2013).

= |n males, BC is the ten most common cancer and 13th in
females



I'Ipu3|-|a|(u n CUMIMNTOMDbI paKa M0O4YeBOIro ny3bips
BK/TIOYaloOT.

e KpoBb B MOYe
e YacTtoe MmoyeucnyckaHue
 bonb BO BpeMA Mo4YyencnycKaHus

e bonb B nosicHULe



dakTopbl puCKa pasBUTUA pakKa MOYEBOro ny3bips
BKJ/1IOYalOT:

 Wcnonb3oBaHue Tabaka, 0CO6EHHO KypeHue curapeTr

 HacneactBeHHbIn ¢aKTOp, WAU NpPeapacnosioXeHHOCTb K
60ne3Hu

« Kpackn, Kpacutenu, MeTamnbl unun HedTenpoayKTbl Ha
pabouyem mecTe

* ype3mMepHoe noTpebseHne ankonrons

e lMuTbeBas BOAa M3 CKBa)XXUHbl C BbICOKMM COAep)XaHuem
MbILLbSAIKA

 [luTbeBas Boga, 06paboTaHHas X1I0poOM
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Urinary bladder: intravesical delivery

Bladder Muscle
contracts when
bladder is full

Ureter / \ x_\_ |

Detrusor Uri
Muscle rne
Flow
Pelvic Floor
Muscle y
-\'(__::‘ﬂ \ s _\.l'i'-':‘\::'
x,\}, ) ,{./,
L I b . :.-/
Pelvic Bone

Catheter

http://peeingproblem.ca/en/what is oab/how normal bladder works/

Normal capacity:
400—-600 mL;

e 150-300 mL triggers
the urge to urinate;

* Urinary bladder wall is
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Bladder cancer

Urothelium

Lamina
propria

Muscle

Stage III

Stage IV

http://www.urologycenter.com/conditions.
cfm

Intravesical therapy is used
only for non-invasive (stage 0)
or minimally invasive (stage |)
bladder cancers.

Intravesical immunotherapy:
Bacillus Calmette-Guerin (BCG)

Intravesical chemotherapy:
Mitomycin, valrubicin,
doxorubicin, and gemcitabine
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TARGETING,
HYPERTHERMIA

Journal of Controlled Release, 2010, 148, 147—-159
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A Conventional liposome
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Frontiers in Pharmacology, 2015, 6,

Protein Antibody

C Ligand-targeted liposome

1-13

Non-toxicity,
biocompatible, and
completely
biodegradable

Increasing drug
efficacy

Site avoidance effect

Increasing stability
via encapsulation
process

Reducing the
toxicity of
encapsulated drugs
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THE COMPOSITION OF LIPOSOMAL FORMULATIONS
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PHYSICOCHEMICAL CHARACTERISTICS

Linosome Mean Zeta
posome diameter PDI potential  %EE  %LC
formulations
(nm) (mV)
Conventional 97 +1 0.145 53+1 53+6 12+1
PEGylated 85+ 1 0.217 3242 27+2 6+1
PEG-Mal 86+1 0.224 37+1 25+2 5#+1

- —PEG-Mal liposomes
—PEGylated liposomes
—{Conventional liposomes

1 10 100 1000 10000
Diameter (nm)

Conventional
liposomes

i B B
PEGylated PEG-maleimide
liposomes liposomes

Scale bars are 100 nm for CL and PEG, and 50 nm for PEG-Mal
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Application of mucoadhesive onto a bladder mucosa
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Chem. Commun., 2015, 51, 14447-14450
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o E"E“;g‘{;ﬂgf Exemplary fluorescent images of the retention of
. formulations on porcine urinary bladder mucosa
FITC-chitosan

PEG-Mal

PEGylated

Conventional

FITC- Scale
bars are
2mm
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Retention of formulations on porcine urinary bladder

BFITC-chitosan
OPEG-Mal liposomes

100 BPEGylated liposomes
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Statistically significant differences are given as: *=p <
0.05; ns — no significance
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WASH OUT;, PROFILES

Formulations WO,
mL
Conventional 15
PEGylated 24
PEG-Mal 48
FITC-chitosan 91
FITC-dextran 5

25
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Wash Out, (WO,,) values are defined as the FEEEEEEELEEELEEELLEEL L L EE L FE L LR L
volume of liquid necessary to remove 50% of
q . . y ° Proposed mechanism of bonding between maleimide-
a mucoadhesive material from a substrate functionalised liposomes and mucosal surfaces

Int.J Pharm., 2016, 512, 32-38 15
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Penetration into bladder mucosa

Exemplary fluorescence microscopy images:

Conventional
liposomes

PEGylated
liposomes

PEG-Mal
liposomes

15 minutes 30 minutes 45 minutes 60 minutes

Scale bars are1 mm 16
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Penetration into bladder mucosa

BConventional liposomes
BPEGylated liposomes
OPEG-Mal liposomes
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Cumulative release (%)
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In vitro release profile

O Conventional liposomes
@ PEGylated liposomes
@® PEG-Mal liposomes
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METHOD:

Toxicity — Slug mucosal irritation test

Keptin glass
beakers lined with
paper towels
soaked with 20 mL
of PBS at RT for 48
h

weighed before the filter paper moistened Left to contact for 1 h
experiment with test materials

@ # TR, # \,\ - Mucus production:

rinsed and gently wiped MPY% = (mbﬂfﬂrﬂ B mufter}
with PBS Mperore
re-weighed 19

»x 100



Positive control Negative
pH odntrol

2

Poly(ethylene glycol) methyl ether
pH 7.76 7.66 7.65 7.73

¢ 4% »

Methoxypolyethylene glycol maleimide
pH 7.29 7.20 7.13 6.92

Sy = % ';i:?‘\ 1
\‘-i; . 7. \{H ,

6-Maleimidohexanoic acid
7.56 6.93

_ o
& : A
N g d
\\.__: g e : i,

ot

pH 7.78 4.34

0.00003 0.0003

0.003 0.03 mmcil

B BAC B PBS OPEG B PEG-Mal H MHA

50 -
* % %
. ’ *
X 40 A
c J
lg
£ 30 - ** .
.g *
3 i
Q. 20 -
2
o ] n l n .
S 10 - |+‘ s ' S
b h Y Y .Y Y LY
¢'\$° ésp @0 6\0 6\0 @_0
& & > be@ Q’b@ Q’b@
éb“‘e' ol QQQ’Q & o® N
Q‘Q Q‘zﬁ’ Q-

BAC — Benzalkonium chloride
PBS — Phosphate buffered saline
PEG — Poly(ethylene glycol) methyl ether (average Mn 5,000)

PEG-Mal - Methoxypolyethylene glycol maleimide (average Mn
5,000)
MHA - 6-Maleimidohexanoic acid

Results published in

Eur.J Pharm. Sci. 2018, 111, 83-90
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Schematic diagram showing the preparation of PLGA-PEG NPs

Reading
— Pouring into Stirring gently
Dissolvingin water for a further
PLGA-PEG solvent @ phase 10 min Dialysi
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Self-assembly structures
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Intensity (%)

PHYSICOCHEMICAL CHARACTERISTICS

. Mean Zeta
. Solvent used in . .
Formulation ) diameter  PDI potential
NPs preparation
(nm) (mV)
PLGA,ok-PEGs« 64+1 0.110 -8+1
PLGA,ok-PEGs( 68+1 0.248 -5+1
PLGAok-PEG3- Acetone 80+1 0.094 _17+1
Mal - ’ -
PLGA.PEGsc- 81+1 0.206 -11+1
Mal - ) -
PLGA,ok-PEG 94+1 0.048 -21+1
PLGA,ok-PEGsk 105+1 0.070 -22+1
PLGAZOK-PEGgK' DMSO 98+1 0.060 -18+1
al A - ) -
" —— PLGA[20kDa)-PEG(3kDa)
LGAzOK'PEG5K' in Acetane + — +
Mal ﬂ e 104+1 0.067 12+1
b in ;E:tune i ’
15 1 —— PLGA[20kDa)-PEG(3kDa)
1 In DMSC
10 -
| PLGA(20kDa}-FEG{5KDa) B
5 4 In DMSQ 25 - — PLGA[20kDa)-PEG(3kDa}-Mal
| In Acetone
0 4 oo rrTT—— e 'gg:‘ 20 A " —— PLGA| 20kDa)-PEG|5kDa)-Mal
1 10 100 1000 10000 In Acetone
> 15 4
Diameter (nm) "u:'_. —?lgﬁ:gkﬂa]—PEGtHkDa}-Mal
C ln A n
% PLGA( 20kDa)-PEG(SkDa)-Mal
— 5 4 in M5S0
D - AT (I (NI [ R NN
1 10 100 1000 10000

Diameter (nm)

PLGA-PEG-Mal in Acetone

PLGA-PEG-Mal in DMSO

Scale bars are 100 nm
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of formulations on lamb urinary bladder mucosa

PLGA(20kDa)-PEG(5kDa)-Mal

PLGA(20kDa)-PEG(3kDa)-Mal

PLGA(20kDa)-PEG(5kDa)

PLGA(20kDa)-PEG(3kDa)
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e

Cumulative volume of artificial urine (mL)

Scale
bars are
2mm
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Formulations WO,,, mL
I PLGA(20kDa)-PEG(3kDa) 4
100 B PLGA(20kDa)-PEG(5kDa) 5
B PLGA(20kDa)-PEG(3KDa)-Mal 7
80 [] PLGA(20kDa)-PEG(5KDa)-Mal 13
9
E o[-
: ;
3 40 *
Q * *
oc |—| i_‘
£ 3
20 *
u . 1
0
0 10 20 40 60 80 100

Cumulative volume of artificial urine (mL)

Statistically significant differences are given as: **** =p <

24
0.0001; *** =p <0.001; ** = p < 0.01; ns — no significance.
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CONCLUSION

 Maleimide-functionalised liposomes and
PLGA-PEG NPs were prepared;

 Maleimide groups can enhance
mucoadhesiveness of particles on urinary
bladder;

e These vehicles could be used in intravesical
drug delivery.

25
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« Heobxoaumo npoBOoAUTb eXerogHoe o6cnepgoBaHue

e 3HaTb CBOIO reHEeTUYECKYIO NpeApacnosiodXeHHOCTb

 BecTu 380pOBbIN 06pa3 XXN3HU

* WUcknouuTb KypeHue v ankorosb. A, KOHeYHO XKe,
XXUTb NMOJIOXKUTENbHbIMU 3MOLIUSIMU, TO O YEM Mbl

AyMmaeMm, 06s3aTenibHO coyaeTcs.
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