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AND FORMATION OF DRUG- CYCLODEXTRIN INCLUSION COMPLEXES
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!Erzincan Binali Yildirim University, Faculty of Pharmacy, Department of Pharmaceutical Technology, Erzincan
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INTRODUCTION

Keratoconus is a degenerative disease that causes cone-shaped swelling of the cornea and causes thinning in advanced stages. Since riboflavin is susceptible to light, it has been used to initiate ultraviolet-induced collagen
cross-linking in the diseased cornea since 2003 (1). The commonly used method to facilitate riboflavin-mediated corneal cross-linking is an invasive technique with removing the epithelium performed under loca
anesthesia. It is essential to develop formulations that can increase riboflavin penetration due to increased riboflavin solubility without removing the epithelium surgically. In this study, we investigated the effects of
Sulfobutyl ether-B-cyclodextrin (SBE-B-CD) on riboflavin solubility and whether the drug-cyclodextrin inclusion complex was successfully produced.

MATERIALS AND METHODS

Phase-solubility studies were carried out using
Loftson and Brewster methods (2). Briefly,
abundant riboflavin was added to SBE-B-CD
solutions with increasing concentrations (0-10
mM), and the mixtures were stirred at room
temperature for seven days with a magnetic
stirrer. Later, each mixture was filtered through
a 0.22 um membrane filter, and the riboflavin
amount in the supernatant was determined by
HPLC (Table 1). The riboflavin inclusion
complexes: SBE-B-CD; were prepared by
kneading methods. Fourier transform infrared
spectroscopy (FTIR-ATR), and Differential
scanning calorimetry (DSC) analyzes were
conducted to determine the successful
formation of drug-CD inclusion complexes.

RESULTS

According to the defined methodology, the diagram of
SBE-B-CD was classified as “AL-type”. From the straight
lines of SBE-B-CD (r2 = 0,9765). The determined slopes
were 0,0135. The complexation efficiency (EC) was 0,013
and the stability constant (KS) 62 M~ (Figure 1).

Table 1: HPLC conditions
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Figure 2:FTIR spectra of Riboflavin, SBE-8-CD-, SBE-8-CD-
Riboflavin complex

When FTIR results were evaluated for confirming SBE-
B-CD-Riboflavin complex, specific peaks of riboflavin
were observed for pure drug and these peaks
disappeared in the complex prepared by kneading
(Figure 2).

When DSC thermograms of riboflavin, It was observed
that a peak for riboflavin at 304 °C (melting point) was
absent. Also, the melting peak of riboflavin are
disappeared in the SBE-B-CD-Riboflavin complex

(Figure 3).

Figure 3:DSC thermogram of Riboflavin, SBE-8-CD-, SBE-8-CD-
Riboflavin complex

Conclusions

This study has demostrated the the solubility of
riboflavin could be enhanced using SBE-B-CD. Further
studies will be conducted to investigate whether
increasing the solubility of riboflavin by complexing with
SBE-B-CD enhances corneal permeation of the drug ex-
vivo and in vivo.
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Figure 1: Phase solubility diagrams
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BUDESONIDE LOADED CONTROLLED-RELEASE POLYCAPROLACTONE NANOPARTICLES

Yasin Turanli, Fiisun Acartirk
Gazi University, Faculty of Pharmacy, Department of Pharmaceutical Technology, Turkey

Introduction

» Corticosteroids such as budesonide are the drugs
of choice for the treatment of inflammatory
disorders'.

»However, budesonide undergoes extensive hepatic
first-pass metabolism to the extent of
approximately 85%.

»This imposes the need for either frequent
administration of this drug or high doses’.

Aim

To overcome first-pass metabolism and attain
controlled release, budesonide was encapsulated in
a biodegradable polymer, polycaprolactone (PCL).

Mqtermls and Methods

> Budesonide-loaded PCL (MW 80 000) nanopartlcles
were prepared by emulsion solvent evaporation
with ultrasonification technique (Fig 1).

> Formulations were prepared based on 32 factorial
design (Table 1).

> Independent variables were the concentration of
polymer and oil phase:aqueous phase ratio.

» Particle size, polidispersity index and zeta
potential were determined using Malvern
Zetasizer Nano ZS (Table 2-3).

Table 1. Independent variables and their levels in the
experimental design

Independent variables Levels
-1 0 +1
PCL concentration (%) 1 2 |3

Organic phase/Aqueous phase 1:8 19 1:10

Dependent variables Desired Outcomes

Particles size (nm) Minimize
Polidispersity index Minimize
Zeta potential (mV) Maximize

Organic phase
Budesonide, PCL
DCM

Emulsification
with
0 Ultrasonic Homogenization

Aqueous phase
5% Lutrol F68 l

Nanoparticles suspension

Figure 1. Schematic illustration of nanoparticles preparation
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Figure 2. DSC thermograms of budesonide, PCL, and drug-polymer
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Figure 3. Release profile of budesonide loaded nanoparticles

Table 2. Physical properties of PCL nanoparticles

NP1 1 5 1:8 214,5 0,242 -23,0
NP2 1 5 1:9 205,5 0,239 -13,3
NP3 1 5 1:10 249,1 0,283 -17,0
NP4 2 5 1:8 315,1 0,424 -15,7
NP5 2 5 1:9 374,5 0,577 -18,4
NP6 2 5 1:10 385,2 0,314 -21,8
NP7 3 5 1:8 1059,5 0,942 -10,8
NP8 3 5 1:9 389,9 0,564 -10,9
NP9 3 5 1:10 433,5 0,141 -11,2

Table 3. Physical properties of budesonide loaded nanoparticles

NP1 (1) 0,5 1 5 1:8 220,4 0,167 -19,9
NP1 (2) 1 1 5 1:8 245,1 0,221 -20,4
NP1 (3) 2 1 5 1:8 215,4 0,223 -14,5

v'Thermal studies confirmed that there was no interaction between drug and polymer.

v Among the formulations prepared according to the factorial design, the NP1
formulation was determined as the optimum formulation due to its high zeta
potential and low particle size.

v Budesonide loaded NP1 formulation was prepared at 3 different concentrations.

v'"NP1(2) formulation was determined as the appropriate formulation due to its high
zeta potential and an in vitro release study was performed. Nanoparticle
formulations had high encapsulation efficiencies (84,2+2,4 %)

vAs a result of in vitro drug release studies, approximately 35% of the active
substance released from the particles. The hydrophobic character of budesonide
resulted in a low release rate.

Conclusmns

v Budesomde loaded PCL nanopartlcles were successfully prepared. However, the
active substance released slowly from the particles.

v Therefore, either a PCL polymer with a lower molecular weight should be used or
particles with a higher drug/polymer ratio can be prepared with a different method
and the release can be completed within 24 hours.
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Results . .
Table 2. Characterization of Nanoparticles DISCUSSIOI‘I:
Formulation Particle Size PDI Zeta EE (%)
Code (nm) Potential

Table 1. Composition of Nanoparticles

Introduction
Ondansetron HCI (OND) is an antagonist

FORMULATION CODE

The result of this investigation showed that the molecular weight, amount

K ER e (mv) and copolymer composition of PLGA cause different characterization.
. ¥ N m
of  serotonin (5 hydrO)fytryPtamlne) POLYMER PLGA(50:50) 240 320 400 It was found that EE% of the NP3 formulation, which used a higher amount
subtype 3 receptor which is used ottt 373.2£12.55 |0.336£0,02 |-17.40£0.80 | 25.85+0.72 | of polymer, was higher than NP1 and NP2.
preventing and treatment of nausea and il DB IE S e —
o . 4 ¢ PLGA (50:50) 400
vomiting in neoplastic patients [1]. Its Fy
bsorbed fastly but has a half-life -54 kDa mg NP2 332.6+2.59 |0.297+0.05 |-19.53+0.68|37.5+2.68
2 \ i L PLGA (65:35) 400 Som—
between 2-4 hours that is relatively ORGANIC 24-38 kDa mg
short [2, 3]. In this situation, it required PHASE PLGA (75:25) 400 NP3 318.9+15.11 |0.346£0.02 |-11.50£1.31|3948+5.78 | It was observed that the EE% of NP3 formulation using polymer with a lower
administration frequently. 4-15 kDa mg molecular weight was higher than that of NP4.
ORGANIC | DCM aml [4ml  [4ml [4ml  [4ml [4ml N ——
SOLVENT NP4 404.9+4.37 |0.146+0.07 |-8.82+0.33 | 20.66 +2.15
ACTIVE ONDANSETRON |4mg |4mg |4mg [4mg |4mg |4mg
INNER | INGREDIENT | HCI
i . NP5 396.2+0.39 |0.280£0.03 |-14.70+0.17 | 2578 +1.02
This study aimed to Ac;:i?:s SURFACTANT | PVA 31-50 L6ml [1.6ml | 1.6ml|1.6ml |1.6ml |1.6ml The increase in the lactic acid ratio in the PLGA copolymer causes an increase
investigate the effect of in lipophilicity and, therefore a decrease in the degradation rate. »
amount. .and copolymer NP6 366.0 + 7.09 0.272£0.04 |-17.73+0.75 | 35.54 £ 2.02 Hence the NP6 formulation showed the lowest release rate at the end of 72 h.
composition on  OND-
loaded nanoparticles (NPs).

OND loaded NPs were prepared by

Preparation of OND the modified double emulsion
Loaded N icl solvent evaporation method. The 10¢ te——
oaded Nanoparticles composition of NPs are presented in ; SR — o 0% —1——

Table 1.

o
&

Particle Size and Zeta Potential
The particle size, polydispersity
index (PDI) and zeta potential were
measured using a Malvern Zeta
Sizer (Nano ZS)

cumulative release (%)
cumulative release (%)

f
Encapsulation Efficiency (EE%) i
Characterization of The amount of OND was analyzed ! f
Nanoparticles by HPLC after lyophilized NPs were
distrupted with acetonitrile.

time (hour) time (hour)
—~NP3 (PLGA 50:50) (7-17 kDa) —=NP4 (PLGA 50:50) (38-54kDa)

~NPS (PLGA 65:35) (24-38 kDa) - NP6 (PLGA 75:25) (4-15kDa)  References:
H
A Duong, V. A, et al,(2019). Journal of Drug Delivery
Figure 1. Release profile of OND loaded NPs. A) Effect of amount of polymer and B) Effect of compositionand molecular weight of polymer Science and Technology, 53, 101185.
. . . 71 Sonje, A. G, & Mahajan, H. S. (2016). Materials
Franz diffusion technique Science and Engineering: C, 64, 329-335.
3; Ye, J. H., et al.(2001). CNS drug reviews, 7(2), 199-
213.

-NP1 (240 mg PLGA) =NP2 (320 mg PLGA) ~-NP3 (400 mg PLGA)

In Vitro Drug Release



IN SILICO PREDICTION OF INTESTINAL DISSOLUTION AND ABSORPTION OF CARBAMAZEPINE IN HUMANS
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Selected Compound
W] 4[Cobanasre

carbamazepine (CBZ) in humans using gastrointestinal simulation technology.

MATERIALS AND METHODS

f » Gastrointestinal simulation based on the advanced compar’(mental\
absorption and transit model (GastroPlus version 9.6,
SimulationsPlus, Lancaster, CA) was used for the prediction.

» The plasma concentration-time profiles of 200 mg CBZ IR tablet were
simulated based on the physicochemical and pharmacokinetic (PK)
properties of the drug (Table 1, Fig.1.).

» The simulation was performed for 72 h using population simulation
mode.

» The amounts of drug dissolved and absorbed as a fuction of time and
regional absorption were predicted for human fasted and fed states. /

[The aim of this study was to predict the intestinal dissolution and absorption omj

Table 1. The physicochemical and pharmacokinetic input parameters of
carbamazpine (1-3)
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RESULTS and DISCUSSION The in silico prediction of intestinal dissolution and absorption of CBZ

1.65 [The simulated plasma profiles of 200 mg CBZ IR tablet are presented in Fig.2.

~

7

Human jejunal permeability (P.g) (cm/s) 3P I0nd

Unbound percent in plasma (f,) (%) K

Clearancewn) &
Volume of distribution (V) (L/kg) 1.26
Dose volume (mL) 250
Mean precipitation time (sec 900

*default values

I
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o
N
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Fed State

Plasma concentration (ug/mL)
o
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04812

24

a8
Time (h)
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Figure 2. Simulated plasma profiles for 200 mg CBZ IR tablet.

RESULTS and DISCUSSION

> The predicted AUC 7, and C,,, were 38.2 vs. 41.1 pg/mL.h and 1.47 vs.
1.54 ug/mL in fasted and fed states, respectively. t .. (4.5 h) was not
changed in fasted and fed states.

» The regional absorption and profiles of drug dissolved in vivo are
presented in Fig. 3.

3 Sl o 200 ki iasentiess
£ 80,00 g E
3 2w 150 /
< 60,00 £ E; "I
g B3 400 |47  Fasted state
g = £3 o/ HFedS
- F iy ed State
§ 2000 ES 50 [§
g <2
& 0,00 o
£= E - N - N E c @
S 3EEEEEZ2F 0 2 a 6 8
Eiga=33 33838 £
F3iia35,¢ e 4
S T @ <
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Figure 3. Regional absorption and in vivo dissolved amounts of

CBZ from 200 mg IR tablet in fasted and fed states.

indicated that food intake seems not to effect the oral bioavailability of
CBZ IR tablets significantly.

il 1.Kovacevic I. et al. (2009) Molecular Pharmaceutics, 6 (1):40-7.

2.Djordjevic N. et al (2017) European Journal of Drug Metabolism and
Pharmacokinetics, 42:729-44.
3.Hemenway J. et al. (2007) Bioorganic and Medicinal Chemistry Letters, 17: 6629-32.
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EVALUATION OF A BIPHASIC IN VITRO DISSOLUTION TEST FOR LAMOTRIGINE IMMEDIATE RELEASE TABLETS AND
CORRELATION TO HUMAN IN VIVO PERFORMANCE
Department of Pharmaceutical Technology, Faculty of Pharmacy, Gazi University, 06330 Ankara, Turkey

Tuba Incecayir, M. Enes Demir
Correspondence: tincecayir@gazi.edu.tr

INTRODUCTION METHODS RES S and DISCUSSION

The aim of this study was to characterize the dissolution profiles of two IR tablets of ﬂata Analysis \
lamotrigine (LTG) with the biphasic dissolution test and explore the correlation to in vivo. » The pharmacokinetic data were derived from the published paper to assess in vivo
» The bioequivalence (BE) of the test vs. reference was 83.1-111% for AUC and 80.2-

relevance (1).
MATERIALS AND METHODS
100% for C..., with a 90% CI, which falls within the 80-125% BE criteria.

» Wagner—-Nelson method (Eq. 2) was used to calculate the fraction of LTG
ke [ C(t)dt + C(0) =
MATERIALS Faps=—2————  Eq.(2)
ke [, C(t)dt 3.50

» Mean plasma concentration-time profiles of LTG from reference (observed) and test
(predicted) are presented in Fig.5.

» AUC, C., and t ., values were 122+28 vs.119+25 ug/mL.h, 2.9+0.5 vs. 2.6+0.4
ug/mL and 2.5+1.2 vs. 3.7+1.1 h for the reference and test, respectively.

absorbed (F,,¢) from the plasma data of reference (1, 2).

C(t): d tration in pl H
K LTG (Fig. 1) was kindly supplied from Sanovel Pharmaceuticals (Istanbul, Turkey). \ ke(:)e|ixﬁ:ﬁ::?:t;aég:sltg:tasma . < §
» 1-octanol, KH,PO, and NaOH were purchased from Sigma-Aldrich (Germany). ’,_?2'50 R
> IR tablet formulations of 200 mg LTG (Reference, batch no: A8158013 and Test, > F,,s Was correlated to the fraction of LTG partitioned in octanol (F ) £2.00
batch no: 19143001) purchased from the local drug market were tested. > The correlation was used to predict F,,, and plasma profiles of the test product. / 2150
1 e e R e U 1.00 4 ‘:h‘ L] " [}
Cl -
Figure 1. Chemical structure i
N\," RESULTS and DISCUSSION zzg oy “ CReference (observed)
\ / > Dissolution profiles of LTG determined from two phases for test and reference products ’ 0 20 40 60 80 100 © CP et (Predicted)
are presented in Fig. 3. t (h)
M ETH OD S > Test product exhibited dissolution profile similarity to reference product (f, > 50).
» The calculated F vs. partitioned LTG in octanol is presented in Fig. 4. Figure 5. Plasma profiles of test and reference products

Biphasic Dissolution Test 400 CONCLUSION

» Biphasic test was performed using USP apparatus Il (708-DS, Agilent %0
Technologies) with the modification illustrated in Fig. 2 (37 °C, 50 rpm).

» pH 6.8 phosphate buffer and octanol were used as the aqueous and organic
phases, respectively (300:200 (mL:mL, aqueous:organic)).

» Samples were withdrawn at predetermined time points, and filtered using a 0.45
pym syringe filter. Aqueous and organic samples were analyzed 20
spectrophotometrically at 305 and 310 nm, respectively.

—e—Reference — Aqueous Phase
—=—Reference — Organic Phase, | [ILELL LLGE MIDIEST] [V [ely] This study demonstrated that the described biphasic test method provided a
—+—Test — Aqueous Phase profiles of test and discriminative and in vivo predictive power for LTG tablet formulations.

—a—Test — Organic Phase reference products in the
aqueous and octanol
phases of the biphasic

0 30 60 90 120150180210240 system.

% Dissolved

REFERENCES

- Figure 2. Schematic depiction of t (min)
} 49mm biphasic dissolution system and 1.Incecayir, T., et al. Comparison of plasma and saliva concentrations of lamotrigine in healthy
o £ 2% 100,0 imi . ;.
|octanol phase § the additional pallet ‘g ” . volunteers. Arznelrlmm-:llforschung, 2007.’ 57: p. 517 .521.
)Aquecusphase & 37.88mm > 80,0 2.Wagner J.G. Estimation of theophylline absorption rate by means of the Wagner-Nelson
‘5 - ® Figure 4. Correlation between equation. Journal of Allergy and Clinical Immunolology, 1986, 78: p. 681-688.
Data Analysis § ARGl the calculated F,, and the
> f, similarity test was used to compare dissolution profiles. _g‘ 00 Rc0,:878 fraction of LTG partitioned in
k5
=
g

f, = 50log——=  Eq.(1) - the organic phase. ACKNOWLEDGEMENTS
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PREPARATION AND EVALUATION OF ALPHA TOCOPHEROL/ CYCLODEXTRIN COMPLEXES
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Introduction:

The alpha tocopherol (ATC) uses commonly in cosmetic products. It has antioxidant, antibacterial, skin regenerating and antiaging properties, but it is sensitive to light, oxygen and heat. It may be irritating for skin in high concentrations.
ATC must be in low concentration with high efficiency in an ideal cosmetic product. Therefore in our study, ATC: cyclodextrin complexes were prepared with hydroxypropyl beta cyclodextrin (HPBCD) and randomly methylated beta cyc-
lodextrin (RAMEB) [1,2].

Materials and Methods:

ATC (Fluorochem, UK), HPBCD (Applichem, Germany) and RAMEB (CTD, Inc. USA) were used as received for preparing ATC:CD complexes. All other chemicals were in analytical grade. The inclusion complexes were prepared by
freeze drying method [3]. A modified HPLC method was used for the determination of ATC [4]. SEM (Zeiss, Supratm 50 VP, Germany), DSC (Shimadzu DSC-60, Japan) 1H-NMR (Bruker Ultra Shield CPMAS NMR) analyses, dissolu-
tion rate, antioxidant activity and stability studies were performed.

Results:
SEM (Fig.1), DSC (Fig.2), 1H-NMR (Fig.3), FT-IR (Fig.4) analyses results, dissolution rate studies (Fig. 5), antioxidant activity (Fig.6), stability results (Fig.7) were presented. (C1: ATC: HPBCD Complex, C2: ATC: RAMEB Complex)

= i Code Storage % ATC
v | condition Initial 12. Day 20. Day 30. Day 60. Day 90. Day
! » F i 2-8°C 101094121 | 95.47£028 | 93464209 | 92.67+1.14 | 88.62+1,54
N ¢ 250 C Sunlight 0574008 | 0342043 | 0254007 | 008020 | 821062
" ) ATC 100
|| / 25°C Dark 96,920,14 | 94104049 | 92,60+1,50 | 92,74+1,80 | 7412144
p 1
40°C 9423114 | 9344012 | 91102084 | 87,82%137 | 75.62£235
@ il I\ 2-8°C 96,90+0,93 | 96,06+0,12 | 9586075 | 9497099 | 93.77£023
L oam s ; ; 25° C Sunlight 8654029 | 8684003 | 8364026 | 8.08+007 | 7.83+0.19
mcentration (g c1 100
~ i i - 259 C Dark 96,81£0,50 | 9437087 | 9437011 | 91922046 | 86.51120
Fig.5. Dissolution Rate (MeantSE, n=6) Fig.6. Antioxidant Activity (M SE, n=6)
Fig.2. DSC 40°C 95,40+0,26 | 93,70+1,13 | 93,42+0,36 | 87,03+0,13 | 74,27 *485
~ d SR e Y e, R o
N ‘,./xww\«‘ ‘_‘”4‘, ’v‘ ~ \A‘A‘” 14 1M 2.8°C 104,05 0,32 | 101.69 1,16 | 100.33%2,16 | 9923 +1.43 | 99,00 0,43
1 i Y \/ U \ |
- = 8 Cy l‘ﬂ'\'r‘ ! Y oy 25° C Sunlight 9434036 | $53+129 | 8364045 | 8224024 | 732085
( 1 s | Cc2 100
: \\ 25° C Dark 102,3141,08 [ 98,18+0,27 | 97,87+0,75 | 97,44+0.31 | 91.48+0,07
| i 400C 97,81£0,48 | 97,79£0,56 | 9693+1,10 | 8835044 | 7548304

NI l Fig.3. 'H-NMR a = Fig.4. FT-IR
Fig.7. Stability Results (Mean *SE, n=3)

Discussion:

a-TC:CD complexes have been successfully prepared in solid form by lyophilization method, and it has been shown that inclusion complexes are formed in DSC, SEM, FT-IR, 1H-NMR characterization studies [5,6,7,8]. Compared to

pure ATC, solubility, dissolution rate and antioxidant activity were increased in complexes. ATC: RAMEB was found to be more stable than other complex at different storage conditions (2-8 °C refrigerator, 25 °C dark and sunlight, 45 °C

etuv) during 3 months.
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‘Nanos ), the second generation of lipid
:na‘na]s,articles,_ have be ed great attention as cosmetic
delivery systems (1). Semisolid lipid nanoparticle dispersions are
the final product for patient use at the end of the single-step
production process and thus they are cost and time effective (2).

In this study, four different herbal oils that have anti-aging effects
were used as liquid lipids for the preparation of semisolid NLC
dispersions and the mechanical properties of the formulations
were evaluated.

Preparation of Semisolid NLC Dispersions

Semisolid NLC formulations were prepared by high shear
homogenization and ultrasonication method (Fig 1). Compritol
888 ATO (C-ATO) was used as solid lipid and pomegranate seed (P),
argan (A), grape seed (G) and coconut (C) oils were used as liquid
lipids.

f 4 melted lipid phase

T2
—_—

Oil/Water Emulsion
75 ()( v

" cooling -
- - -
ead

| .
aqueous phase Nano- Semi Solid
emulsion NLC

= - i
5 min-8000 rpm 5 min-25W sonication
(Ultraturraks 125 IKA, Germany) (Bandelin Sonoplus HD 2070, Germany)
Figure 1. Preparation of semisolid NLC dispersions

In vitro Characterization of Semisolid NLC Dispersions

- Particle size, polydispersity index (PDI) and zeta potential values
of the formulations were analyzed by using Malvern Zetasizer
Nano ZS. Formulations were diluted with ultrapure water before
analysis.

- Texture Profile Analysis (TPA) was studied by using TAXT Texture
Analyzer (Stable, UK) for evaluating mechanical properties of
formulations.

1 Cakir Pharmacy, Ankara, Turkey

2 Ankara University, Faculty of Pharmacy, Department of Pharmaceutical Technology, Ankara, Turkey,
unuman@pharmacy.ankara.edu.tr

Table 1. Compositions and in vitro characterization results of semisolid NLC dispersions

C-ATO
(8)
cP15 1.8
CA15 1.8
CG15 1.8
cc15 1.8
CcP20 24
CA20 24
CG20 2.4
cc20 2.4

C-ATO: Compritol ATO 888; P-188: Poloxamer 188; P: Pomegranate seed oil; A: Argan oil; G: Grape seed oil; C: Coconut oil

P A
(8) (g)
045 0
0 045
0 o
0o o
06 O
0 06
0o o
0N o

G
(8)

0

C P-188 Water

(8) (g)
0 0375
0 0375
0 0375
0.45 0.375
0 0375
0 0.375
0 0375
0.6 0.375

(ml)
15
15
15
15
15
15
15
15

Particle Size
(nm) £SD

322.9+4.518
227.5+4.167
303.246.325
288.2+5.340
330.113.788
259.9+6.998
419.7+7.969
304.6+7.932

PDI +SD

0.267+0.017
0.233+0.011
0.332+0031
0.298+0.026
0.27310.038
0.267+0.004
0.34310.020
0.23940.011

Zeta Potential
(mV) £SD

-29,4+0,661
-29,4+0,404
-29,7+0,517
-30,7+0,444
-33,10,698
-30,7+0,230
-29,7+0,620
-28,7+0,630

Table 2. Texture profile analysis parameters of semisolid NLC dispersions

Code
CP15
CA15
CG15
CC15
CP20
CA20
CG20
cc20

Hardness
(N)
21.98

61.31
64.87
77.72
50.07
147.28
128.32

142.39

Compressibility
(N.sec)

54.24
116.01
134.99
139.13
114.67
313.17
256.75

251.68

Adhesiveness

Cohesiveness

(N.sec)
29.47

54.74
71.16
85.78
59.83
136.31
87.03

75.82

0.616

0.558

0.490

0.683

0.665

0.601

0.557

0.392

Elasticity
0.993
0.976
0.995
1.000
0.976
0.990
0.996

0.990

pKARA G
! P28
/83099

Mean particle size, PDI and zeta potential results were given in Table
1. Mean particle size values between 227.5+4.167 and 419.7+7.969
nm, PDI values between 0.233+0.011 and 0.343+0.020 and zeta
potential values approximately -30 mV were found.

Lower particle sizes were obtained with the formulations that
contains 15% total lipid amount. Among the liquid lipids, the
formulations produced with argan oil have the lowest particle size
compared to other liquid lipids.

In TPA analysis, lower hardness and compressibility indicates the ease
of application while lower numerical value of elasticity and higher
adhesiveness indicates enhanced retention of formulation on the skin.
The hardness, compressibility and adhesiveness of the formulations
prepared with pomegranate seed oil were significantly lower than the
formulations prepared with other herbal oils (Table 2).

Even the particle size of CA15 is the lowest among the formulations,
according to hardness, compressibility and elasticity properties, CP15
and CP20 formulations prepared with pomegranate seed oil seems to
have best values for ease of application and ease of spreading onto
the skin. Considering all the mechanical parameters given above,
these semisolid NLC formulations was concluded as the most
appropiate choice for cosmetic applications.

Souto EB, Muller RH (2008). International Journal of Cosmetic
Science, 30: 157-165.

Badilli U, Turk CT, Amasya G, Tarimci N (2017). Current Drug Delivery,
14(3): 386 — 393.
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PREPARATION AND /N VITRO CHARACTERIZATION OF LIPID-COATED NANOPARTICLES CONTAINING CARBOPLATIN AND DECITABINE

1Esim, O., 2Hascicek, C.

T Ankara University, Department of Pharmaceutical Technology, Ankara, Turkey, gun@ankara.edu.tr
2 Ankara University, Department of Pharmaceutical Technology, Ankara, Turkey, cogan@pharmacy.ankara.edu.tr

Introduction

Silencing of critical tumor suppressor genes by DNA hypermethylation is the major
epigenetic cause of chemoresistance of cancer cells. DNA methyltransferase
inhibitors, such as decitabine (DEC), allow silenced critical tumor suppressor genes
to be re-expressed by demethylation [1]. In this regard, the combination of DNA
methyltransferase inhibitors and conventional chemotherapeutics is thought to be
promising approach for modulating drug resistance by sensitizing of cancer cells.

Table 1. Formulation composition of nanoparticles

Results and Discussion

To obtain an intact lipid shell onto the CRB-loaded BSA nanoparticles and proper
particle size, particle size distribution, surface charge and encapsulation efficiency
varying parameters were evaluated.

When lipid: nanoparticles ratio was investigated and it was found that there was not
an intact lipid structure on nanoparticles for 0.5:1 ratio; however there was a

The aim of this study is to develop carboplatin (CRB) and DEC loaded lipid-coated 11 11 10 g 3 smooth lipid envelop for 1:1 ratio.
albumin nanoparticles for the treatment of platinum-resistant ovarian cancer and 1:1 1:0.5 10 a .
evaluate the physicochemical properties of the nanoformulations. o i 10 i ) In order to determine the optimum lipid composition, two different soy phosphatidyl
N ' choline:cholesterol ratios were explored and 1:0.5 ratio was selected for further
0.5:1 1:0.5 10 - - studies due to the smaller particle size and narrower particle size distribution.
Materials - - " . .
CRB, DEC, glutaraldehyde, soy phosphatidyl choline and cholesterol were : 5 Lastly lower dispersion media volumes were investigated to decrease the CRB
purchased from Sigma-Aldrich (Saint-Louis, MO, USA). Bovine serum albumin was 11 1:0.5 2 5 1 leakage from the core nanoparticles during the lipid coating procedure. Lower
supplied from Amresco (Solon, OH, USA). All other chemicals used were at least of dispersion media volumes resulted in decreased CRB leakage and 2 ml was found
reagent grade. Water pretreated with the Milli-Q® Plus System (Milipore Corp., 146 2. Characterization of nanoparticles as optimum.
Molsheim, France) was used in all experiments.
Multidrug-containing lipid-coated nanoparticles were obtained 1:1 (w:w)
lipid:nanoparticle ratio, 1:0.5 (w:w) soy phosphatidyl choline:cholesterol ratio and 2
ml rehydration medium volume. The optimum nanoparticle formulation showed
Methods 266:8£26.92 022340071 -27.641.70 78.1440.943 0.296+0.012 i 272.3 nm particle size, 0.298 PDI, -10.9 surface charge and 1.228% and 1.146%
The production method of lipid-coated nanoparticles consisted of two steps (Fig. 1) e e R R DR drug loading for CRB and DEC, respectively.
[3]. In the first step CRB-loaded albumin-based nanoparticles were prepared by 220.6+21.29 0.075+0.014 -27.1+0.50 79.61+1.004 0.275+0.026 - = s s ” S - s
desolvation methods [2]. Then these nanoparticles were coated with a DEC- " ¥ 95 14, ¥ " : € morphological structure of the optimum nanoparticles formulation was explor
containing lipid layer. To optimize the lipid-coating procedure, the effects of various e i e e e by transmission electron microscopy (TEM). As seen in Fig. 2, the nanoparticles
lipid:nanoparticle ratios, lipid film compositions and rehydration medium volumes 224.7+15.65 0.078+0.032 -25.5+0.19 79.03+0.708 0.283+0.052 - showed a core-shell structure composed of a spherical core nanoparticle and a dim
on the physicochemical properties of the nanoparticles were examined (Table 1). 281.5+13.03 0.584:0.098 -14.7+0.73 57.98+2.597 0.340+0.030 0.853+0,088 ring surrounding the core nanoparticles.
Developed nanoparticle formulations were evaluated in terms of drug loading (DL),
particlepsize andpsize distribution (PDI), surface charge, particle m%rphology( an?.i 272.3%3.787 0.298+0.036 -10.9+2.70 13.65+0.088 1.228+0.004 1.14610.016 The thermal behavior of the nanoparticles were investigated by differential

thermal behaviors (Table 2).

CRB-loaded BSA

nanoparticles l

dispersion

psc
"W

0.00

1000 9)

-20.00¢

160.53¢

Temp [C]

Scanning calorimetry (DSC) analysis.The characteristic endothermic peaks at
253.28 and 202.59 °C were seen in the thermogram of pure carboplatin and
decitabine, respectively. On the other hand, these peaks were not observed in the
thermogram of nanopatrticle formulation, which can be attributed to the amorphous
states of drugs into the nanoparticles (Fig. 3).

Conclusions

The thin film hydration method-based two-step preparation method was
successfully applied to the DEC-loaded lipid coating of CRB-loaded albumin
nanoparticles with desired physicochemical properties and relatively high

O Decitabine Figure 2. TEM image of CRB- and DEC-  Figure 3. DSC thermogram of a)Carboplatin b) Decitabine €ncapsulation efficiencies.
loaded lipid-coated BSA nanoparticle c)BSA d)Cholesterol e)Soy phosphatidyl choline f) CRB-
/\ Carboplatin loaded BSA nanoparticles g) CRB- and DEC- loaded Acknowledgements

lipid-coated nanoparticle This study was supported by a grant of TUBITAK (SBAG-116S395)
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Figure 1. Schematic presentation of preparation of lipid-coated nanoparticles [3]
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INTRODUCTION , METHODS

Hydrocortisone loaded nanosuspension (HC-NS) was prepared by media milling

ANCRATURKEY | o o & rewnamaa
HYDROCORTISONE NANOSUSPENSIONS ~ (S)l 3lntemati0nal
P

The solvent casting method was used to develop a buccal film formulation containing the HC-NS.

Aphthous ulcers are oral mucosal inflammatory ulcers that occur in the oral cavity method using different concentrations hydroxypropyl methylcellulose E4 (HPMC) and =
and antibiotics, antiseptics, and topical corticosteroids are often used for polyvinylpyrrolidone K90 (PVP) as stabilizers(3). i - '
treatment (1).
) Pectin (3%) was Plasdgne 512 and -
dispersed into the - - glycerin (3%) were » Poly!'ner mixtures are
'Hydrocortison ‘ optimum NS added. poured into petri dishes and
] ’ dried in the oven.
e (HC)is an The low
( an)ti- water Characterization of HC-NS Loaded Film Formulation |
inflammato SO'Ublllty of - ¥
compoundry drug The stabilizers . > NS were prepared by After the process || The zeta Poten'tlal
with low substances were dissolved - - adding 0.5mm sized was completed, ||(ZP), particle size s
A it i Dispersion ; ; i nanosuspensions || (PS) and
solubility in limits drug in distilled water : s zirconium oxide beads ted wodi it 1
Y . administrati and the HC was | |  Mixed with at 350 rpm using were separated | polydispersity index 2§ ] f
water and is dispersed in the | | Ultraturrax at | | gifferent processing using 200 mesh || (PDI) of NSs were
used for on due to Stabilizer 15,000 rpm times (0.5, 1 and 2 size sieve. measured with =
treatment of low solution: for 5 minutes. hours). Malvern ZetaSizer.
aphthous bioavailabil ‘
ulcers (1). ty. | RESULTS Characterization Results of HC-NS

Stabilizer Process 0,25% Stabilizer Concentration 0,5% Stabilizer Concentration Loaded Film Formulation
Type  Time (h) ZP (mV) PS (nm) PDI ZP (mV) PS (nm) PDI [l > The mechanical properties of the HC-NS
loaded film formulation were 19.8+0.02 mPa,
0,5 -16.940,404 | 278,9+21,41 0,449+0,052 -1941,20 230,7+25,62 0,478+0,048 and the e'OHggﬁg:\f;gZak value was
PVP 1 -6,08+0,870 ’ 444 2417,02 ‘ 0,576£0,070 17,6¢41,06 = 232,9+5249 04510132
2 -6,631+0,350 | 325,516,691 0,386+0,019 28,941,78 148,943,134 0,301+0,006 -
» Work of mucoadhesion was 0.067+0.015
0,5 -1446,29 ’482,714,981 | 0,646+0,054 -6,23+0,752 322,3+72,66 0,51040,065 mJ/em? in buccal tissue.
HPMC 1 -10,2+1,69  441,6+38,30 0,570+0,014 54740929 | 266,1+11,71 0,443+0,019 ‘
2 -16,1+0,586 ’ 280,14£17,73 ‘ 0,458+0,055 -4,45+3,70 210,0425,80 0,417+0,007 > Moisture content of HC-NS loaded
i i - . film formulati 14.56%.
Mucdiadhesive fllins:have many Nanosuspensions allows pecrly wa_ter Table 1. Characterization results of the nanosuspension formulations Lokl
advantages such as drug soluble compounds to form nano-sized
localization, flexibility, handling and particles in an aqueous formulation,
ease of use. providing a more effective treatment (2). D I S C U SS I 0 N RE F E RE N C E S
Process time and the choice of stabilizer used in the production of nanosuspensions affected ZP, PDI and PS. 1. Sanjana, A., Ahmed, M. G., & Bh, J. G. (2021). Journal

of Oral Biology and Craniofacial Research, 11(2), 269-276.

2. Liu, Q. Mai, Y,, Gu, X., Zhao, Y., Di, X, Ma, X., & Yang,
The optimum formulation of HC-NS was obtained with 0.5% PVP concentration and a two hour process time. J. (2020). Journal of Drug Delivery Science and

The aim of this study is to increase the solubility of HC by preparing
a nanosuspension (NS) formulation and to load it into the film
formulation to be used in the treatment of aphthous ulcers.

Nanosuspensions with smaller PS and PDI values were obtained by increasing the stabilizer concentration in both polymers.

The buccal film formulation containing HC-NS has been successfully developed. Technology, 55, 101371.

In this way, the bioavailability of the drug will increase with the Prepared films should be stored airtight to prevent moisture loss and maintain elasticity. S Oktay, AN. lIbssris=Tamer; S, Karkuedl, &., &
nanosuspension formulation and the film formulation will provide Celebi, N. (2020). Journal of Drug Delivery Science and

ease of application to the patients. 3 5 e 7 3
The HC-NS loaded film formulation was found suitable for buccal application in terms of mechanical and ex-vivo
mucoadhesive properties. Technology, 57, 101690.




PREPARATION AND EVALUATION OF LYSOZYME LOADED POLYCAPROLACTONE
MICROPARTICLES USING THE FULL FACTORIAL DESIGN
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INTRODUCTION 2Turkish Medicines and Medical Devices Agency, Ankara, Turkey, nilhanecz@gmail.com a)
The growing problem of multidrug-resistant bacteria has encouraged the search
for therapeutic alternatives to conventional antibiotics. To this end, there is a Table 2. Composition of lysozyme loaded PCL microparticles .
growing |.nterest.m the use of antl.mlcroblal peptides (1?. Ly_sozyme !s a R Ivotvne Vokmie ot ]| Vokime of PUA| Hombgenization e
monomeric protein that can be used in the treatment of microbial infections
due to its antimicrobial activity, but the relatively narrow antimicrobial code concentration | DCM (ml) | solution (ml) rate (rpm) [
spectrum, instability and easy inactivation make the practical application of (mg)
free lysozyme quite limited (2). Considering these reasons, poly-e-caprolactone
c s d A S 7.5 4 25 9500
(PCL) microparticles of lysozyme were prepared using the full factorial design in Homegenisaionrate
this study. 5 3 30 13500
B 5 30 8000
MATERIALS AND METHODS . ; 2 13500
Lysozyme, egg white was obtained from Vivantis (Oceanside, CA). Poly-e- “ = 5 . o Pricsis N S
caprolactone (PCL), poly(vinyl alcohol) (PVA) and dichloromethane (DCM) »] =22
were from Sigma (Germany). “ 10 3 30 13500 i ’ e =
Lysozyme loaded microparticles were prepared by w/o/w double emulsion n 7.5 4 25 9500 : \‘\,\ J
solvent evaporation method (Figure 1). Based on a 2* full factorial design, “ 5 3 30 8000 o et \\\\ ’
different lysozyme concentrations, DCM volumes, PVA volumes and v b e
homogenisation rates were used as independent variables (Table 1). “ 10 5 30 13500 b)
Compositions of lysozyme loaded PCL microparticles were given in Table 2. 5 3 20 8000
10 3 20 13500 ®
[ m3 7.5 4 25 9500 “ g
= 7.5 4 25 9500 K > '
O i
—— | ms B 5 30 13500 T e
p— <1 = - 20 — Figure 2. 3D response surface plots for the effect of the independent
4 : ’ g \ 3 variables on particle size (a) and encapsulation efficiency (b)
g - e “ 10 5 30 8000
Figure 1. Preparation of lysozyme loaded PCL microparticles Parti 5 5 20 13500 size CONCLUSION
anal 10 3 30 soo0 =N

Table 1. Selected experimental factors for preparation of lysozyme loaded PCL
microparticles at the desired levels

Independent variabes e

The PCL microparticles containing lysozyme were prepared successfully by
using w/o/w double emulsion solvent evaporation method. As a result,
lysozyme loaded PCL microparticles can be used in the treatment of

(%) w aicul

UdSIIE 1IVNUWIIE Eyudauuit.

Encapsulation efficiency (%)=(Calculated drug concentration)/(Theoretical drug

concentration)x100
I 1 =

Lysozyme concentration (mg) 5 10
Volume of DCM (ml) 3 5

Volume of PVA solution (ml) 20 30
Homogenization rate (rpm) 8000 13500

RESULTS AND DISCUSSION

The effects of DCM volume, PVA volume and homogenization rate on particle size
were found to be significant (p<0.05). Otherwise, the effects of lysozyme
concentration and PVA volume on encapsulation efficiency is significant (p<0.05).

microbial infections.

References:
1.Tapan et al., (2011). Experimental Lung Research, 37:9, 536-541.
2. Wu et al., (2017). Carbohydrate Polymers, 155, 192-200.
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INTRODUCTION

Micellization in the gastrointestinal tract plays an important role, especially in the absorption of drugs with low
solubility. The entrapment of drugs in micelles in the gastrointestinal tract causes significant changes in their
distribution and pharmacokinetics in the body, which are important for their activities. Polyoxyl 35 castor oil
(Polyoxyl Castor Oil, PCO) (Figure 1-A) is a nonionic surfactant and used as an emulsifying agent that increasing
solubility through micelle formation in pharmaceutical dosage forms such as tablets, emulsions, creams,
ointments, etc. In this study, it is aimed to determine the micelle formation and size by means of the excipient,
PCO contained in cholecalsiferol preparation in the Turkish pharmaceutical market (1). Cholecalciferol Figure 1-
B, also known as vitamin D3 and colecalciferol. It is a type of vitamin D which is made by the skin when
exposed to sunlight. It is also found in some foods and can be taken as a dietary supplement.

Figure 1. Molecular structure of PCO (A), Cholocalsiferol (B).

MATERIALS AND METHODS

First of all, in order to determine the micellization concentration of castor oil in pure water, samples of
water:castor oil mixtures coded with "A" were prepared in pure water at the concentrations given in Table 1
and mixed with the help of a vortex for 5 minutes. The castor oil and placebo solution, which does not contain
any active substance, of the preparation named Coledan-D3 oral drops, which is available in the Turkish
pharmaceutical market, was prepared by mixing. For the determination of the micellization characteristic of
castor oil in the formulation; Placebo samples coded with “P”, castor oil:placebo mixtures at the same
concentrations given in Table 1 were prepared and mixed in vortex for 5 minutes. The refractive indices of the
prepared samples were made using the Abbe 5 Refractometer (Bellingham + Stanley, United Kingdom).
Spectrophotometric analyzes of the samples were performed using the Varian Cary® 50 UV-Vis
Spectrophotometer (Agilent, USA). UV spectra of the samples prepared at different concentrations in the
wavelength range of 200-800nm were taken and necessary evaluations were made. KSV Instruments Cam 200
(KVS Instruments Ltd., Finland) device was used for determination of surface tension. After each sample whose
surface tension is to be measured is placed in the sample injector of the device, the surface tension (y) of each
sample with the Pendant Drop Analysis method is calculated by using the software named “KSV CAM Optical
Contact Angle and Pendant Drop Surface Tension Software (Ver 3.99)” that comes with the device. The
obtained surface tension values were plotted against the concentration and the critical micelle concentrations
were determined from this graph. Dynamic light scattering method (Dynamic Light Scattering, DLS), also
known as photon correlation spectroscopy (Photon Correlation Spectroscopy, PCS) or semi-elastic light
scattering (Quasi-Elastic Light Scattering, QELS), was used to determine the micelle sizes of our samples
containing Campherol EL at different concentrations. Malvern Zetasizer Nano Series Nano ZS (Malvern, United
Kingdom) device was used and the average particle (micelle) size (nm) of each sample was determined.

REFERENCES:
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2. Priev A, Zalipsky S, Cohen R, Barenholz Y. Determination of critical micelle and other i
fluorescent measurements. Langmuir 2002;18:612-17.

3. Rowe RC, Sheskey PJ, Owen SnC, Handbook of
the Royal Pharmaceutical Society of Great Britain.

of sound velocity and

Excipients. 2006, Press and American Pharmacists Association: Publications division of

RESULTS
Refractive Index Determinations
The refractive indices of the prepared samples were determined by the Abbe 5 Refractometer device and the
refractive index of A samples were found to be 1.333. This value is accepted as a standard measurement and It
is compatible with the refractive index published by Hale et al. (1). “P” samples were placed separately on the
prism on the device and their refractive indexes were determined by illuminating the chrome-plated reflector
with daylight (in the range of 380-740 nm). While the refractive index of our placebo solution without
surfactant was found to be 1.371, the refractive index of our samples with added surfactant was found in the
range of 1.372-1.373 depending on the increase in surfactant concentration. The refractive index of the
product named Coledan D3 containing polyoxy 35 castor oil was found to be 1.375. These values were used as
reference values in the dynamic light scattering studies of our samples.
Spectrophotometric Analysis
UV spectrum graphics of the obtained spectra are given in Figure 2. The absorbance values obtained from the
UV spectra of the samples prepared at increasing concentrations were determined and used as a reference
value in the dynamic light scattering studies of our samples. It is seen in Figure 1 that as the concentration of
PCO increases, the absorbance values at wavelengths where the samples show maximum absorbance increase.
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240 260 280 300
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Figure 2. UV spectrum curves of “A” coded samples.

RESULTS

Surface Tension Analysis and Determination of Critical Micellar Concentration

For the determination of the critical micelle concentration of polyoxy 35 castor oil in distilled water and
placebo; The surface tension values of the A and P coded samples obtained using the pendant drop method
were plotted against the concentration Figure 3 and Figure 4. On the graph obtained, two regions where the
curve is linear for the A samples were determined and the trend lines of these two regions were drawn (Figure
3). The intersection point of these two trend lines, or in other words the first point where the decreasing curve
reaches a plateau, shows us the critical micellar concentration of PCO dispersed in pure water. The critical
micellar concentration of PCO in distilled water was determined to be approximately 0.010-0.015%. In the
literature reviews, it is observed that the critical micellar concentration of PCO in pure water is given as
0.009%, 0.010% and 0.02% in various studies (2, 3). When Figure 4 is examined for the determination of the
critical micelle concentration of PCO in the placebo solution, it is striking that the curve has two turning points.
With the addition of low concentrations of surfactant, there were very small changes in surface tension, while
the concentration value at which micelles formed was between 0.075-0.100%, which is the second turning
point value of the curve (P8 sample).

INVESTIGATION OF MISCELLISATION CHARACTERISTICS OF POLYOXYL CASTOR OIL FOR VITAMIN D3 "
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Figure 3. Concentration - surface tension graph of the samples prepared by adding surfactant in pure water
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Figure 4. Concentration - surface tension graph of the samples prepared by adding surfactant in placebo solution

RESULTS

Dynamic Light Scattering Analysis

Micelle size results obtained from dynamic light scattering studies are given in Table 3. There is 2% polyoxy
35 castor oil in the product named Coledan-D3 oral drops available in the Turkish pharmaceutical market.
For this reason, the micelle size results of this product are shown on the table against this concentration
value so that the comparison can be made more visually.

Table 3. Micelle size values (nm) of the prepared “A” and “P” samples and the Commercial Product

Concentration (%) 0,001 0,005 0,010 0,015 0,020 0,025 0,050 0,075 0,100 0,150 0,200 0,250 0,500 0,750 1,000 1,500 2,000 2,500 3,000 4,000
LACTILEE S 276 198 225 1542* 135 13,3 125 12,8 21,6 12,7 169 108 1759 14 176 133 109 134 134 139
CAGEELRENIEEN 273 353 565 3724 127 244 201 196 295 222 212 307 53,46* 336 54 44,6 416 50 46 44,8
Commercial Product 41.55

CONCLUSIONS

With surface tension studies, it was found that PCO started to miscellisation in the concentration range of
0.010-0.020% in distilled water and in the concentration range of 0.075-0.100% for placebo solution. While
dynamic light scattering studies support our results for pure water, they show that micelles start after 0.5%
concentration in placebo. In addition, in studies with commercial product, the refractive index of the product
was found to be 1.375, the surface tension was 30.99 mN/m, and the mean micelle size was 41.55nm. All
these findings show us that PCO in commercial product forms micelles with the usage concentration in the
preparation. The surface tension of the product is 30.99mN/m and the average micellar size is 41.55 nm and
it is equal the concentration of 2% PCO.
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INTRODUCTION
. i : . Lacosamide =
Epilepsy is one 9f the .most f:ommon neurological disorder 'H-NMR analyses were performed for the determination of
mostly characterized with seizures due to the abnormal molecular interactions between Lacosamide and polymers
induction of neurons [1]. Lacosamide, an antiepileptic drug has ooty used in microneedle formulations. Deuterium oxide was used
low transition rate into the brain because of blood brain barrier as a solvent. Lacosamide signals were detected in the spectra
(BBB) [2]. In our study Carboxymethyl cellulose sodium salt T L of the formulations indicating that presence of Lacosamide
(CMC) based microneedles were formulated for nasal £ J_/kl within the polymeric network without any chemical
application of Lacosamide to overcome the BBB by the help of W |interactions (Figure 5). s o B
olfactory pathway with less invasive way [3]. PM CMC oMe =
m . e e ez I 1
MATERIALS AND METHODS * —_— "
Lacosamide (gifted by Santa Farma, Turkey), Carboxymethyl CLO H 3
. g
cellulose sodium salt (CMC) and hydroxylpropyl gamma — HPGCD CL1 " my ’
cyclodextrin (HPGCD) (Sigma-Aldrich, Germany). All other P
chemicals were in analytical grade. Micro-molding method was s CLO 3 s
used for the preparation of CMC microneedles [4]. SEM (Zeiss CL1 [_/—J_d/ M "ama v bt ‘ |
Ultra Plus FE-SEM, Germany), DSC (DSC-60, Shimadzu USA), FT-IR PANEEME e N i — = === ==
(IR Affinity-1S Shimadzu, Japan), 1H-NMR (Fourier 300 NMR CL2 HPGCD . s 4 1
Bruker, USA) analyses were performed. A modified HPLC method — ] . \
was used for the determination of Lacosamide [5]. s Ko/ Lo/ O (N S T S | — ‘
RESULTS AND DISCUSSIONS Lacosamide i Jal ol ’ ‘
Water soluble microneedles were prepared successfully with CL3 - R 5 . ' : 2 ="
e 5 S /o ar g t ) s e
micro-molding method and APl amounts, in vitro release, SEM, ) ‘ » Fig. 5. 1H-NMR spectra of microneedles
FT-IR, DSC and 1H-NMR analyses results were presented in 30 ° 100 = 200 = 300 P ——
Table 1 and Figure 1-Figure 5 respectively. Temparature (°C) CMC based water soluble microneedles were prepared
e . . successfully for nasal application of Lacosamide by micro-
+ = 3 ; cL2
Table 1, Compositions of microneedles (Mean + SE, n=3) Fig. 1. DSC termograms of microneedles * molding method. In vitro characterization analyses results
130 L revealed the structural properties of microneedles.
- N Lacosamide In vivo studies will be performed for the determination of
oce CMC (%) HPGCD (%) 2 enhanced bioavailability of Lacosamide with the help of
Practical (%) \ CL3
9 PY 1t olfactory pathway to overcome BBB with less invasive way
cLo 6.0 20 < el De . e 4000 L 2000 500 S oo ]
i 1 = TG00 658 FDRT 80 2mm
b . . ACKNOWLEDGEMENTS
- : f ; Fig. 4. FT-IR spectra of microneedles
cL1 60 20 0.6+0.0 Z Fig. 3. SEM images of microneedles "8 5 DOPNA-LAB for FT-IR, 'H-NMR and BIBAM for SEM Analyses.
-4 g z s
o bg 2 LiEn v In vitro drug release studies were performed in phosphate a I
cLs 6.0 20 16+00 £ buffer solution (pH: 6.4) (Figure 2). REFERENCES
2 --CL1 CMC based microneedles have 1300-2000 pum length and 100- [1] Schwartzkroin PA. (2012). In: Handbook of Clinical
In DSC analyses Lacosamide showed melting point at 149 °C, while CMC 5 a-CL2 250 um diameters (Figure 3). Neurology. Elsevier. p. 13-33.
showed no endothermic melting peaks in thermograms, showing the +CL3 S : 3 [2] G4ll Z, Vancea S. (2018). Arch Pharm Res.41(1):79-86.
amorphous structures of the polymer (Figure 1). Lacosamide melting N In FT-IR spectra, characteristic absorbtion peaks of Lacosamide [3] Appasaheb PS, Manohar SD, et al., (2013). J Adv Pharm
: —Lacosamide : N . 2 , -, .
peak was revealed in the thermograms of the physical mixtures (marked i WELC rev.ealed in the spe.ctrum _Of physical 'rmxture's shov.ved that Educ Res. 3(4):333-46.
with arrows), showing that Lacosamide and polymers have no 0.4 0.6 0.8 1 Lacosamide was (Eompatlble without any interaction with both [4] Wang M, Hu L, et al.(2017). Lab Chip. 17(8):1373-87.
incompatibility problems. Time (hours) of the polymers (Figure 4). [5] Sreenivasulu V, Rao DR, et al.(2011). Res J Pharm Biol

Fig. 2. In vitro release analyses results (Mean # SE, n=3) Chem Sci. 2(4):1-11.
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INTRODUCTION

In vitro dissolution tests are used to define the effect of formulation factors on bioavailability
during drug development. Naproxen sodium (NS) is a widely used non-steroidal anti-
inflammatory drug, which Biopharmaceutics Classification System (BCS) Class Il (pKa : 4,19)
[1]. The pH and composition of the dissolution medium have a great impact on its solubility.
This study was aimed to compare the dissolution profiles of NS tablets using DDSolver” [2].

Materials

Naproxen sodium was received as a gift sample from Pharmactive drug company. Reference
and generic 550 mg tablets were purchased from the local market. Potassium phosphate
monobasic sodium phosphate monobasic dihydrate, hydrochloric acid were purchased from
Merck, Germany. Sodium hydroxide was purchased from Sigma-Aldrich, Sweden. Sodium
chloride was purchased from Merck, Denmark. Glacial acetic acid was purchased from Sigma-
Aldrich, Germany, and Minisart® NY25 Syringe Filter was purchased from Sartorius, Germany.
All chemicals and reagents used were of analytical grade. SIF powder was purchased from
Biorelevant (United Kingdom). Lot numbers of reference and generic products are presented
in Table 1.

CH,

! ! s ONa
H3CO 2

Figure 1. Chemical structures of naproxen sodium
Table 1. Lot numbers of reference and generic products

Reference | G1 | G2 | G | G4
200442 | 180010128 | 20064 19061330  A087999 |

Lot No \

Methods

The solubility studies were carried out for pH 7.4 and the dose number was calculated.
Dissolution studies were carried out in USP Apparatus Il (Agilent Technologies 708-DS, USA)
according to the USP 30. All collected samples were filtered with a 0.45 um syringe filter and
then analyzed with validated UV spectrophotometric method at 330 nm (Agilent Technologies
Cary 60 UV-Vis, USA).

Apparatus : USP Apparatus Il

Medium : pH 7.4 phosphate buffer, FaSSIF, and FeSSIF
Volume : 900 mL

Temperature $37:0°C+0:5°€C

Rotation Speed :50 rpm

Time Intervals : 5, 10, 15, 20, 30, 45, 60, 90, and 120 min

MATERIALS AND METHODS

The dissolution data analysis was performed model-independent (similarity factor (f,)) and
model-dependent using DDSolver”. The dissolution test in biorelevant media (Fasted State
Simulated Intestinal Fluid (FaSSIF) and Fed State Simulated Intestinal Fluid (FeSSIF)) were
performed with the generic product (G), which was determined to have the highest similarity
factor calculated as a result of the dissolution tests performed in pH 7.4. The adjusted
determination coefficient (r? adj), Akaike information criterion (AIC), and model selection
criterion (MSC) were used to determine the most appropriate release model. The model with
the lowest AIC, highest MSC, and r2 value was evaluated as the most appropriate model.

In pH 7.4 at 37°C, the solubility and dose number were found 50.4+4.38 mg/mL and 0.044,
respectively (Table 2). The reference and all generic products were dissolved in the range of
78-83% in FeSSIF medium at pH 5.0, 100% in FaSSIF medium at pH 6.5, and 101-103% in pH
7.4, respectively (Figure 2). f, values and the suitable mathematical models obtained via
DDSolver® are presented in Table 1.
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Figure 2. In vitro dissolution profiles of reference and generic products in pH 7.4,

FaSSIF, and FeSSIF

RESULTS

Table 2. The solubility, dose number (D), and relative sink condition (Cs/Cp) in pH 7.4
at 37°C

50.4+4.38

82.46

Table 3. Dissolution data analysis of model-independent with DDSolver®

Medium pH 7.4 | FassF | FessiF
G1 G2 G3 G4 G2 G2
f 59 69 62 41 79 42
A Similar Similar Similar Different Similar Different
Table 4. Dissolution data analysis of model-dependent with DDSolver®
Medium‘ pH7.4 FaSSIF FeSSIF
Reference G1 G2 G3 G4 Reference G2 |Reference, G2
Model | Weibull-1 | Weibull-2 | Weibull-1 | Hopfenberg | Hopfenberg | Hopfenberg | Probit-1 | Logistic-2 | Logistic-2
r2 adj 0.997 0.998 0.991 0.996 0.989 0.996 0.994 0.996 0.976
AIC 394 31 50.6 40.9 50.8 41.7 46 38 60.5
MsC 4.87 5.42 3.76 4.54 3.33 4.68 4.28 5.03 3.21

Biorelevant media were preferred because it mimics in vivo better. NS shows pH-dependent
solubility, so as pH increased, solubility increased.

The dissolution profiles of all generic products, except for G4, were found to be similar to the
reference product at pH 7.4. Biorelevant media comparison was made for G2 with the highest f,
and the reference. Model fitting of reference and G2 produced good fits for the same model in
each case in pH 7.4 and FeSSIF media.

[1] Medina, JR et al. (2015). International Journal of Pharmacy and Pharmaceutical Sciences 7, 183-188.
[2] Zhang, Y, et al. (2010). The AAPS Journal 12, 263-271.
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INTRODUCTION

Tenofovir disoproxil fumarate (TDF) is a nucleotide reverse
transcriptase inhibitor used for the treatment of hepatitis B and
HIV infections [1]. The purpose of this study was to develop a

VALIDATED HPLC METHOD FOR THE DETERMINATION OF TENOFOVIR AND ITS APPLICATION FOR
IN-VITRO AND EX-VIVO INVESTIGATIONS OF TENOFOVIR LOADED DOUBLE NANOEMULSION
Seval OLGAC, 'Duygu YILMAZ USTA, 2Nebahat Ayse ERMAN, 'Tuba INCECAYIR, 'Zeynep Safak TEKSIN

1 Gazi University, Department of Pharmaceutical Technology, Ankara, Turkey

Table 1. HPLC method parameters

Table 2. Validation parameters for all media

validated HPLC method for the determination of TDF and a
its application for the in-vitro and ex-vivo studies on TDF
formulations.

MATERIALS AND METHODS

Materials

TDF was kindly supplied by Pharmactive drug company (Turkey).
Acetonitrile HPLC grade was purchased from Merck. All other
chemicals and reagents were of analytical grade.

Methods

The HPLC system (Agilent Technologies 1200 Series) was
operated using acetonitrile:ultrapure water (47:53, v/v) as a
mobile phase at a flow rate of 1 mL/min. The injection volume was
20 pL. The detection wavelength was 259 nm [2]. Separations
were carried out using Waters XSelect HSS C18 column
(250x4.6mm, 5um) at room temperature. The method was
validated according to ICH guideline in distiled water and
compendial media (0.1N HCI, pH 4.5, and pH 6.8) and has been
successfully applied in solubility, dissolution, and permeability
studies of TDF formulations [3]. The solubility studies were carried
out in distilled water and compendial media. The dissolution of the
reference tablet and TDF-loaded double nanoemulsion were
studied using USP apparatus |l in compendial media. Ex-vivo
permeability studies of the formulations were carried out using
Franz diffusion cells in pH 6.8 buffer for 24h. All collected samples
were filtered using a 0.45 pm syringe filter (Sartorius) and
analyzed by HPLC. The HPLC  method parameters are
summarized in Table 1.

Column : RP C18 (4.6 mm x 250 mm, 5 pm) . y 5 Retention i -
Mobile Phase : Acetonitrile : Water (47:53) i s r time* Lob Se
Flow Rate e TRLITER 0.1 N HCl y=23519x-4.5202 | 0.999 3.10 0.344 1.04
Injection Volume - 20 L pH 4.5 y = 24.69x — 0.0604 1 3.95 0.130 0.394
: pH 6.8 y = 22.923x + 0.7967 0.999 3.90 0.290 0.879
Wavelength : 259 nm, UV-VIS Distilled water | y = 22.591x — 1.5926 | 0.999 3.96 0.376 114
Column Temperature : 25°C *min, “pg/mL
Table 3. The solubility, D,, Cs/Cp, dissolution [3] and permeability [3] results
RESU LTS 0.1N HCI pH 4.5 pH 6.8 Distilled water
HPLC chromatograms of TDF for all media studied are presented in Solubility 197 + 56 30.6 + 15.8 9.78 +0.774 16.4 +2.25
Figure 1. The method was linear in the range of 1-35 pg/mL for all media Do 0.00609 0.0392 0.123 0.0731
(r220.999). The retention time of TDF was 3.10-3.96 min in all media. The Cs/Co 591 91.8 29.3 49.2
limit of quantification ranged from 0.394 to 1.140 pg/mL. These Dissolution: 0.1 N HCI pH 4.5 pH 6.8
parameters are also presented in Table 2. Recovery ranged from 94 to Reference Formulation Reference Formulation Reference Formulation
107%. Within day precision expressed as RSD% were in the range of 106+0.754% | 98.6£0.935% | 97.9+0.813% | 91.9+1.53% | 954+0.783% | 88.5%2.82%
0.134 to 1.120. The solubility, dose number (D), relative sink condition Reference Formulation
(C¢/Cp), dissolution, and permeability results are presented in Table 3. Flux' Permeability coefficient™” Flux Permeability coefficient
Ex-vivo 181+98 90.5+48.9 x 10 12.9+6.53 6.47+3.26 x 10
Dialysis membrane 758 + 103 379452 x 10 30.5+15.3 15.247.63 x 10+
* pg.cm2min’, “cm.min?
CONCLUSION

pH 6.8

Figure 1. HPLC chromatograms of TDF in all media

In conclusion, the HPLC method proved to be sensitive, simple, reproducible, rapid, and
precise, making it valuable in the formulation development studies for TDF.
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Abstract

is a hoxyindole hormone which present in vertabrates,synthesized in the
pineal gland [1]gut,skin,retina,bone marrow and platelets.It is produces by bacteria,protozoa
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INTRANSAL DELIVERY OF NIOSOMAL MELATONIN FOR

ALZHEIMER’S DISEASE
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Melatonin (MEL) is a sleep hormone mostly assosiated with

anti-aging and sleep.

It is one of the oldest and well known antioxidants in existence.

* Antioxidant feature of MEL makes it beneficial against many disorder and

and fungi as well[2].Its structur ially its two fi | groups are crucial forbindi
affinity to certain receptors and also ﬂexubilitv allowmg it to enter any cell,body fluid and
compartment to insert its effects [3].Mel is popularity due to its many benefi

diseases including the AD.

in diabetes, anxiety, cancer, narcolepsy, insomnia, jet lag,anti-aging and neurodegeneretive
disorders like dementia, Parkinson’s disease and Alzheimer’s Disease. Recent studies showed
that intra-nasal route offer many advantages, such as presence of large absorption surface
area and porous nature of endotelial membrane,high blood flow in the area, avoidance of
first-pass metabolism and ease of application. Melatonin delivery into brain as a targeted
delivery may offer a good opportunity as a novel delivery system for the treatment of CNS
diseases. In this study the aim was to develop and characterize an intra-nasal niosomal
melatonin formulation.
Using thin film hydratlon, hand shaking and ultrasonication method, 3 different batches of

i were preap . Ni were characterized by determining their mean particle
sizes and particle size distr and ing the zeta potentials and entrapment
efficiencies. In- vitro release studies were also conducted by using Franzcell Diffusion
chambers comparing the release behaviours from niosomes, supernatant solutions and the
hydration solutions used in forming niosomes. The samples collected from the diffusion cells
were analyzed with LC-MS. The images of niosomes were captured by the transmission
electron microscope.

Key words: Mel. in, ni Alzheii di nasal delivery

Introduction

* Alzheimer’s disease ( AD) One of the most costly disease in first World countries.

* 50 million people Worldwide suffer from AD according to 2020 numbers

* Loss of short memory, difficulty in talking, retardation in attention, mood swings,
impaired movements are major symptoms

* Death causes are respiratory disorders, pneumonia and pressure ulcers, malnutrition

* Exact mechansim of its patalogy is still not k certainly, but 2 main mechanisms
are suggested

1) Amyloid Beta induced neurotoxicity

* Degradation of Amyloid precursor protein results in formation of A oligomer clusters
which forms AB fibrils and B plaques.

* Oligomeric AB binds to receptors in postsynapeses causing LTP impairment and
increased LTD,resulting transducti ity and disturbance in synaptic
function.

* Oligomeric A alters the function of mitochondria leading to ATP reduction through
caspase-3 activation causing an increase in ROS and finally results in syaptic
dysfunction.

2) Tau Pathogenesis

* Seperation of Tau from microtubules and formation of tau oligomers

* Tau clusters cause the fragmentation of mitochondria

* Decreases the mobility and release of synaptic vesicles results in pre-synaptic
dysfunction

* Tau species alters Fyn/NMDAR complexes leading to impaired LTP

* Tau species activate infl ion pathways

Pathogenesis models are acceptes 70% genetic particularly due to mutations in PP and

presenilin. However many researches Show environmental factors and life style may also

change the progression of Alzh ’s Di Such as g,diet,air pollution and
sleep patterns.

* AD Therapy

Cholinesterase Inhibitors and NMDA Receptor Blockers are used for symptomatic relief.

Anti-psychotic drugs are to improve the violent and aggressive behaviours.

Antoxidant and anti-inflammatory agents are suggested to slow down the

progression of. Alzheimer’s Disease through reducing lipid peroxidation

e.g.curcumin, quercetin, melatonin.

of synap

* Antioxidant feature of MEL suggested to improve the free radical problem
and AP amyloid pathology.

Also in many studies MEL shown to inhibit some of the syptoms of AD and
reduce the sun downing in AD patients.

Melatonin and AD

MEL decreases the synthesis and accumulation A in vivo and in vitro
Scavanges mitochondrial ROS which plays an imporant role in AR amyloid
toxicity

MEL found to be suppress apoptosis by inhbiting the action of caspase-3 and
increasing the expression of B cell ymphoma-2 in the brain of AB induced
animal models.

NIOSOMES

Niosomes, are younger group of nanocarriers are in shape of vesicles that
are self-assembled,

Fabricated from chol ol or other amphiphilic molecules nonionic
surfactants and/or in required quantities

* Less toxic

* Improved bioavaiblity

* Improved solubility

= Better stability

* WHY NIOSOMAL MEL

* Increase the dosage of intra-nasal

» application.
* Prevents rapid degradation of MEL
* in body.

* Increasing the shelf-life of MEL and possibility of Achieving Targeted delivery

Fig 1 Niosomes as drug delivery systems
Bhardwaj et.al, ) DrugDeliv.Sci Tech,(2020),56(A),101518

Figure 2: Types of niosomes

* Characterization of MEL

FT-IR screening

TLC to see purity / metabolites

Solubility in water and PBS pH 7,4 at 25°C, 37°C

Partition coefficient at 25 °C

Development of quantitative UV Spectrophotometric method for MEL in
water and PBS pH 7,4. ICH Q2(R1) Analytical Method Validation
Guidelines was used and all parameters were investigatw

e

[ Figure 4: TEM images of Niosomes

Thin film and Niesome suspension

* Production of MEL niasomes and characterization of them

* Making MEL Niosomes by thin film method
* Cholesterol and Span 60 (1:1)was usedto form the niosomes with o
without DCP
* Hydration solution of PBS pH 7,4 contained MEL and varying amounts of
MEL was tried to see the effect on entrapment efficiency (EE).
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* Hand shaking was the main dehydration method and ultrasonic bath
sonication and ultrasonic probe application were used to reduce the

particle size of niosomes

Figure 3: Preparation of
niosomes by thin layer

Characterisation of MEL niosomes

Mean particle size and particle size distribution ( PSD) and polidispersity
index(PDI). Dynamic Light Scattering (DLS) was used as a method of PS,PSD
and PDI

Zeta potential (ZP) also was used by Anton Paar Zetasizer 500.

Morphology was investigated and images were photographed by Scanning
Electron Microscopy (SEM) on gold grids after several washes by purified
water

Stability at 25°C and at 4-10°C in terms of PSD, PDI and ZP of MEL niosomes
were

Determination of Entrapment Efficiency ( % EE ) was calculated by using the
the equation :

MEL Release studies by Franz Cell Diffusion,

Niosome suspensions, hydration solution and supernatatnts were used as the
donor phase and PBS pH 7.4 was used as the receptor phase

Released MEL amounts were determined bu LC MS MS

Table 1: Solubility of MEL in water and PBS at 25 °C and 37°C

Solubility of MEL lat2s'c |

In water; mg/ml 2,42+0,135 14,03+0,075
In PBS pH 7;4, mg/ml 2,750,218 14,03+0,088

Table 2: Particle size and Zeta potential of Niosomes A and C

“ 3757 63,55 27,04 319 -442 138

648,1 2556 25,65 13,14 -46,8 21

Emm’y 5264 61,01 262 153 -63,1 1.0
Niosomes

Table 3: Particle size and Zeta potential of Niosomes remaining
in supernatants of the Niosomes A and C

Niosomes in PDI ZPl, mV | SD
Supernatants

ll!Sﬂ 32,57 2244 486 272 1.8

_nassa 984 1494 7,28 -29 2,1

|
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Effect of sonication on PS and ZP

Ultrasonic probe was inserted into the tubes
and PS and ZP were measured after 2h and
24h.

On the left, the graphs summarizes 2h and 24 h
Results, below is the summary of PS distribution
curves

.

sar16 25024

mm 1009 5% 209 441256

m.nnu 28335 452615

166342955 2542076 “asear

2,04 26, 532 41296
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1281223085 3341325 450242

w04 37,64 2084384 mai2a

Particle sizes of all batches of niosomes were relatively larger than the desired
particles sizes for standard niosomes when just hand shaking and/or sonicator
bath is used.
Probe sonication was a useful and effective method to reduce the particle
size and range of particle size distribution.
DCP was used to increase the surface charges ,ZP, of niosomes, however at the
range of DCP used, the effect was negligable.
When centrifuged, larger sized niosomes could be seperated by forming a
pellet, but most of the niosomes remained in the so called supernatant.
Particle size measurements from the supernatant clearly showed the
presence of small particles. These were at the desirable range of the sizes
which are suggested in the literature for nasal delivery.
Up to 6 hours of centrifugation at 10,000 rpm was not able to separate the
niosomes, the reasons will be investigated further, by varying the
composition of niosomes ; ratio of cholesterol: SPAN 60: DCP: Melatonin
Higher speed of cenrtrifugation and longer centrifugation time will be tested.
Zeta potential of the niosomes for all trials were higher than 30 mV,
indicating «good to fine « stability.
Since the seperation of niosomes fully from the supernatant was not
possible at the experimental conditions used, %EEs calculated varied widely.
Bursting the niosomes by adding chloroform released the MEL from the
larger sized niosomes.
The use of smaller sized niosomes, which remained in the supernatant rather
than the sedimented niosomes by cetrifugation , may be a good strategy to
try it as the drug delivery system.
Drug release studies sh d that nic did not release MEL in the length
of the time used in the experiments (up to 12 hrs) which is desirable for a
good drug delivery system. In-vitro release tests needs to be repeated by
allowing the niosomes to come into contact with a larger diffusion area than
Franzcell cells, to tests the ability of the niosomes to sustain MEL within

BUSRR conclusion |
When studying with MEL, much care must taken in order to assure that it is not

Being an I heat and UV exposure degrades MEL fast.
Possnbllity of MEL ni not readily the drug may make it a good delivery
system. Cell culture and in-vivo tests are desirable to prove MEL niosomes effectiveness.
Further formulation studies will be desirable by varying the composition of cholosterol:
SPAN 60:MEL, changing the nonlunic surfactant and olsa surface charge modifiers to
make MEL ni as
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INTRODUCTION AND AIM OF PROJECT

Many anti-cancer drugs have serious side effects, have a short plasma half-life and lack of
selectivity. There are treatment methods that directly target cancer cells to overcome these problems.
One of the most common method, drug delivery systems are able to reduce side effects and improve
efficiency of treament besides targeting anticancer drug to the tumor site [1]. The aim of this study
was to prepare a new dual nanodrug formulation based on polymeric drug delivery systems for
breast cancer treatment by using Gemcitabine (Gem) and Cisplatin (cisPt) together.

METHODS

Diblock copolymer were synthesize consist of (meth)acrylated sugar monomers and methacrylic acid
via RAFT controlled polymerization technique by using Gem functionalized trithiocarbonate RAFT
agent. Glycopolymers were analyzed by fourier transform infrared resonance spectroscopy (FTIR)
(Figure la.) and gel permation chromatigraphy (GPC) (Figure 1b.). Afterwards the well-characterized
glycoblock copolymers conjugated with cisPt to obtain dual drug loaded polymeric nanoparticles.
(Figure 2)

60 = GPC Analysis of Glycopolymers
Q 50 - —— P(ipr-FrcMA)-Gem
< = P(ipr-FrcMA-b-MAc)-Gem
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Figure 1. FTIR spectrum (a) and GPC graph (b) of glycoblock polymers.
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Figure 2. cisPt loading to diblock (FreMA-b-Mac)-Gem glycopolymer in 37 °C for 24 hours at pH 9.

SYNTHESIS OF CISPLATIN AND/OR GEMCITABINE CONTAINING POLYMERIC NANODRUG
FORMULATIONS FOR BREAST CANCER TREATMENT.

1 Gengoglu, T., 2Cetin, B., "Yigit-Erdem, G., 30murtag-Ozgen, PS., 4Dag, A.

RESULTS:

Size distribution and zeta potential of the nanoparticles were characterized by and dynamic light scattering (DLS) analysis.(Figure
3). According to DLS analysis Gem and cisPt including nanoparticles have average diameter in the 105+3.148 nm range with
narrow particle size distribution.

in Vitro cell culture experimentss were performed to determination of cytotoxicity and intracellular uptake of nanoparticle These
nanoparticles showed superior uptake and the highest cytotoxicity in-vitro on human breast cancer cells. Figure 4. shows
fluorescence microscopy images of NP(FrcMA-b-Mac).

Size Distribution by Number

30 4 cisPt loaded NP(FrcMA-h-MAc)-Gem
25 -
~ 204
S
b}
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E
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54
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Figure 3. Dynamic Light Scattering analysis result of cisPt and Gem
including NP(FrcMA-bh-Mac).
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INTRODUCTION

One of the most common breast cancer subtypes diagnosed in women is TNBC
breast cancer. and an effective treatment method has not vet been developed.
Therefore. alternative medicine resources should be used as new treatment
options for TNBC treatment. Potentially. one of the ways to search for new
anti-cancer drugs is to test various naturally svnthesized compounds. In recent Figure 1: Cell viability determination graph detected by XCELLigence® RTCA

vears. interest in natural products has increased as a source of anticancer drugs Dion Ty hotos T ook ot tice 'Ill:::";rcaelnlfl::vr::“::v‘:gri}l:eosn:nr::gl 100 E:l\ldd
ue

instead of DNA-damaging cytotoxic agents as cancer treatments. Lichens : ;“;;ﬁ“x,ﬁg:m&:‘;ﬁ‘gm‘ﬁj;ﬁ:mk?‘:n','ﬂ“s‘gi“;‘ UM, thelderk

produce unique chemical agents that have proven effective in in vitro models

against a variety of cancers.. The efficacy of only some of these chemical

agents against cancer models has been evaluated.. Some studies have shown the

anticancer potential of UA: however. its efficacy and associated mechanisms

have not yet been fully investigated. In this study, the molecular mechanism of

usnic acid on TNBC cancer was investigated by next generation sequencing. = 1 T T 1 T

With the application of UA. the expression change at the mRNA level in TNBC - I | | i it | Figure 3: Usnic acid IC50 values calculated using
cells and the intracellular signaling mechanisms that are effective were n [ — > & XCELLigence® RTCA S16 instrument
revealed.

a0 180 o o wo
)

Figure 2: Cell vlahlllly delermlnallon graph detected by XCELLigence® RTCA S16
measurement in MC| cell line, at determined exponential usnic acid ratios, for
72 hours. In usnic aud mum the red curve was ncwen:med as 100 EM green curve.
50 puM. purple curve 25 uM. dark blue 12.5 uM, light blue 6.25 uM. blue curve 3.125/
MM and pink curve I.56£IpM

Next Generation Reading Results

DISCUSSION

The study showed that usnic acid showed a very different gene expression

profile in healthy cells on TNBC cancer.

Usnic acid acted on TNBC knaser cells by suppressing more genes.

Usnic acid has also shown an inhibitory function such as suppression of

proliferation, metastasis and replicative potential of cells in TNBC cancer

cells (1).

Usnic acid has been integrin, ganodotropin, CCKR, Inflammation,

Angiogenesis in TNBC cancer. Usnic acid showed anti-proleferative and

anti-metastatic effects in TNBC cancer through these pathways (2,3.4,5) < o 3

The apoptotic effect of usnic acid occurs as a result of degradation in v I;

mitochondrial genes (6). 4
Conclusions: Usnic acid has an anti-tumor effect by suppressing -

genes that are effective in TNBC cancer formation process b riinpa

oo & Grme Fodchanges 8 UA XM 11 UA_TNEC Bhenry

K B W

Figure 4: Heatmap of differentially expressed genes (FC > 2 : Log2 and p<0.00¢

according to the result of transcriptome analysis (NM: Normal/healthy epithelial brea:

cell, UA_SM: Normal/healthy epithelial breast cell treated with usnic acid, TNBC

Triple negative breast cancer cell, UA_TNBC: Triple negative breast cancer treated wit

usnic acid cell; In the color chart, the red color shows increased genes, green color sho!

decreased genes, and black color shows genes that do not show significant expressio
““ changes).

wWes44202¢8nwuX

Figure 5: The 4956 genes whose expression changes between usnic acid-treated
BC cancer and usnic acid-treated normal breast cells are shown in the graph.

As a result of the analysis, the coefficient change range of 4956 genes expressed

between the UA_NM and UA_TNBC libraries was found to be -8<FC<12.
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DETERMINATION THE USNIC ACID (UA) THERAPY EFFECTS ON TRIPLE NEGATIVE
BREAST CANCER (TNBC) BY PROTEOMIC APPROACHES
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De novo pyrimidine ribonuclcotides biosythesis (02740) [N #‘o& f"’ <.3’\ &f Figure 1: It is the venn diagram representation of the proteins showing the
N 2% __o%___6%___&% i effect of usnic acid on the cells. 70 proteins are proteins that reflect the effect
Figure 2: GO and pathway results of usnic acid's proteins (-2<FC<2) effective in TNBC cancer (a-; the results of the first 20 pathways in which usnic acid-specific proteins are of psaioact tn normalcelly, 545 pootelne-avs:protetng that-shew: thereflie: of
most effective in TNBC cancer. b-; molecular function results of usnic acid-specific proteins c-; biological process results of usnic acid-specific proteins) usnic acid on TNBC cancer. 23 proteins show the joint effect of usnic acid in
both cells.

DISCUSSION
* In TNBC cancer, 274 proteins were found with a significant change (-2< FC < 2) in UA-specific expression. UA-specific proteins with significant change (-2< FC < 2) in TNBC were found to be related to cellular ‘
anatomical structure in terms of cellular component, cellular processes in terms of biological process, and binding activities in terms of molecular function
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INVESTIGATION OF THE EFFECTIVENESS OF GLYCOPOLYMER BASED THERANOSTIC NANOSYSTEMS IN BREAST CANCER

Introduction

Nowadays, breast cancer is the most common type of cancer in women in the world. The heterogencity of cancer cells, stages of cancer, and few similarities make

the therapy difficult. Today surgery, p and methods are applied in treatment of breast cancer. Because of conventional

chemotherapeutic agents such as Docetaxel, D bicin (Dox), Epirubicin, have lack of selectivity to umorous tissue, damage healthy cells, and form serious

side effects during treatment, have encouraged scientists to develop new targetable drugs and drug delivery systems.

In recent years, new are being d ped that allow targeted imaging, molecular therapy and clinical applications that combine diagnosis and

treatment into a single material. This platform, termed as teranostic, allows for the next g ion of with the ination of already

and with other imaging ip

applied. Because of their low toxicity values, easy to

In addition

nanoparticles (UCNP) is a pioneer in th y as well as, pk ic therapy (PDT) and fototermal therapy (PTT)

can be bined with UCNP in th i lications. The aim of this study is to prepare a biocompatible new nanoteranostic platform and to obtain an ideal

dual drug/gene delivery system against cancer.

SYNTHESIS and CHARACTERIZATION

Glycopeptide polymers

(GP) were synthesized
via reversible addition- e
fragmentation chain
transfer (RAFT) -

polymerization, ring
opening polymerization
(ROP) and click
reactions.

Figure 1. Synthesis and theranostic applications of UCN! 3P-Dox bionanoprobes carrying siRNA.
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Figure 6. Release of Dox from UCNP@GP-Dox nanoparticles (A) and P((FrMA-A-MAEBA)-h-(P(Lys)-N,))/Dox polymer was measured in different
pH bufTer solutions (pH~ 5.5 and pH 7.4) by UV-Vis spectrophotometer.
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Figure 3. THF-GPC traces of P(iprF rMA), P(iprFrMA-b-MAEBA) and TBAF hydrolysis of P(iprFrMA-b-MAEBA) (A),
DMEF-GPC traces of P(1Boc-Lys)-N; P(FrMA-b-MAEBA)/Dox and P((FtMA-b-MAEBA)-b-(P(Lys)-N;))/Dox (B).
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Figure 4. TEM image (left) (A) and Dynamic light scattering (DLS) graph (right) (B) depicting the size of

NaGdF,:Yb/Er nanocristals (UCNP) in cyclohexane.

Figure 7. Cellular uptake of free Dox and UCNP@GP-Dox/siRNA by MCF-7 cells after (A) 6 h (B) 12 h (C) 24 h incubation (intracellular Dox shown in

red; nuclei shown in blue; and merged images).

Conclusion
In this study, we synthesized well-characterized UCNP@GP-Dox/siRNA. Comparing Dox and UCNP@GP-Dox/siRNA, cellular uptake of
UCNP@GP-Dox/siRNA appears to be higher in MCF-7 cell line. In vitro studies showed that UCNPs and GP have low cytotoxicity, siRNA loaded

UCNP@GP-Dox have a good cytotoxic and apoptotic effect to human breast cancer cells. The of the new ic platform in

diagnosis and treatment will be demonstrated in future studies.
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Determination of effective surface modifications of silica nanoparticles as VEGF-targeted siRNA carriers

M)duction: Vascular endothelial growth factor (VEGF) is}
endothelial cell-specific mitogen that induces the formation of new
capillaries. Tumor cell-derived VEGF-A stimulate angiogenesis and
the self-renewal of cancer stem cells [1]. Small interfering RNA
(siRNA) targeting VEGF is promising in tumor regression. Due to
negative charges, large molecular weight and size, and instability or
short half-lives in the plasma, siRNAs can not reach the intracellular
target site. In this study, we show that VEGF blocking siRNAs can be
carried by PEGylated silica nanoparticles by creation of positive
charge on NPs with appropriate surface modifications. The image of
designed nanoparticle is given at Figure 1. Particle size, zeta
potential, and degree of complexation of nanoparticles were
evaluated.

Materials and Methods: All chemicals were purchased from Sigma-
Aldrich or Gelest. Silica nanoparticle synthesis method was adopted
from Quan et al [2]. 3 experiments were performed as E1 (Surface
modification ~ with  3-Triethoxysilylpropylamine  (APTES) and
PEGylation with Pyridine/ N-(3-Dimethylaminopropyl)-N'-
ethylcarbodiimide (EDC) coupling), E2 (Surface modification with
APTES and PEGylation with n-hyroxysuccinimide (NHS)EDC
coupling) and E3 (Surface modification with (3-
trimethoxysilylpropyl)diethylenetriamine (TMPT) and PEGylation with
PEG-Silane). Particle size determination and zeta potential
measurements were done. The agarose gel electrophoresis was
performed to evaluate the complexation efficiency.

PEG-Silane

Positively

charged NP 2
surface (\/

Slllca NP

21

Qure 1. Schematic of the designed nanoparticle
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Figure 2. A, B, C and D represents the particles size of the formulations pristine
silica, E1, E2 and E3 respectively. E, F, G and H stands for the zeta potentials of the
E1, E2 and E3 respectively.
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50/1 20/1 10/1 5/1 50/1 20/1 10/1 s5/1 50/1 20/1 10/1 5/1 L

Figure 3. Gel electrophoresis result

Results: Silica NPs were synthesized with the size around 20 nm and zeta
potential was -15 mV (Figure 2. A and E). After PEGylation, particle sizes of E1,
E2 and E3 were 33 nm, 138 nm and 31 nm, respectively according to Figure 2
B, C and D and all formulations were positively charged according to zeta
potential results (Figure 2. F, G and H). These results show that the surface
modification was achieved for all 3 formulations and the amine groups were
expressed at the nanoparticle surfaces. According the gel electrophoresis
results, full complexation was obtained in all ratios of E3 formulation.
Complexations were identified for 4 different concentrations as 5/1, 10/1, 20/1
and 50/1 (np/siRNA). After the vortex and incubation for 2 hours, the
complexations were determined as below.

E1: full complexation at 50/1

E2: weak complexation at 50/1

E3: Complexation at all ratios.

Conclusions: E3 is the best formulation due to the full complexation with the
lower ratios even though the smallest zeta potential. This result shows that the
E3 probably deprotonated during the synthesis due to higher pH levels. The
surface modification Results show that positively charged and PEGylated silica
nanoparticles might be promising approach for siRNA delivery.

Acknowledgements
This study was supported by TUBITAK project 118C470




